
An Adaptive IoT-Enabled Combat Boot for
Enhanced Soldier Safety, Thermal Regulation, and

Avalanche Recoverability

Abstract—Military personnel often work in extreme conditions,
including extreme temperatures, long periods of physical ex-
ertion, difficult terrain, and unforeseen hazards. Conventional
combat boots offer limited protection and support, but no
active thermal regulation, real-time monitoring, or emergency
localization in the event of a lost soldier. This study reports
on an IoT-enabled adaptive combat boot as a multifunctional
military wearable system with active thermal regulation, mul-
timodal sensing, secure geolocation, and autonomous avalanche
emergency response. The proposed system uses thermoelectric
modules, temperature and humidity sensors, pressure sensors,
an inertial measurement unit, encrypted GNSS tracking, an
AI-enabled microcontroller, and a hybrid energy system. As
well as controlling the internal temperature environment, the
system is also designed to identify avalanche signatures of sudden
acceleration, pressure changes, and immobility, triggering the
emergency beacon and transmission of the soldier’s last position.
Simulated evaluation showed good thermal regulation, sensor
accuracy, communication latency, and energy performance. The
proposed system may enhance soldier safety, environmental
adaptability, situational awareness, and recoverability in high-
risk military operations.

Index Terms—IoT-enabled smart combat boot, adaptive ther-
mal regulation, smart footwear, soldier safety, environmental
monitoring, wearable technology, avalanche rescue

I. INTRODUCTION

Military personnel are often tasked to operate in highly
variable and severe environments such as high altitude-snow
covered areas, deserts, tropical lands, swamps, and mountain-
ous regions. These areas pose several challenges to the person-
nel such as drastic temperature differences, extensive physical
activity, rough terrain, and unpredictable occurrences [1],
[8], [9]. These environmental factors can lead to discomfort,
restricted performance, reduced mobility, and limited mission
readiness. Cold environments such as high-altitude snowy
areas can cause cold-related injuries while hot environments
can cause overexertion which can lead to severe dehydration

[10]–[13]. Military equipment needs to become more adaptive
to the operational needs of the personnel to ensure their safety
and survival.

The combat footwear is one of the most important equip-
ment worn by the soldiers as it is in constant interaction
with the environment. Most combat boots are made to provide
the necessary protection, traction, and support to the soldiers
[14], [15]. However, they do not offer dynamic adaptability
and most often, different kinds of boots are used in different
environmental conditions. Combat boots rarely offer tempera-
ture regulation, and constant monitoring of the foot conditions
is required to prevent discomfort, blisters, and other related
problems [16]–[18]. The patent in question develops an inno-
vative combat boot that offers active thermal adaptation and
environmental monitoring while providing the basic combat
footwear requirements.

The patent in question recognizes the other challenges that
are commonly associated with combat activities. A disoriented
soldier in mountainous or avalanche-prone areas cannot rely on
conventional GPS devices for tracking. Often such equipment
can be lost, broken, or rendered useless in the harsh envi-
ronment [19]–[21]. By embedding location tracking features
within the combat boot itself, the patent in question eliminates
these concerns by making the boot location-tracking capable.

The rapid advancement in IoT, embedded technology, arti-
ficial intelligence, and wireless communication has led to the
development of several innovative solutions for military appli-
cations [22]–[25]. IoT enables the network of smart devices to
collect and share information about their state and conditions
while AI can process this information to develop automated
responses to specific environmental conditions [26]–[28]. The
mother article from which the patent was derived offers a
glimpse into how IoT can be utilized to develop smart military
systems that use sensors, tracking devices, predictive analytics,
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emergency assistance, and several other features to ensure the
safety and wellbeing of the personnel. The combat boot system
described in the patent utilizes similar concepts to develop
a multifunctional military boot that serves several purposes
beyond temperature regulation. The boot comprises a complete
system that ensures the survival of the personnel in hostile
environments and relays this information to remote servers
for monitoring.

The system can actively cool or heat the feet of the per-
sonnel through the Peltier modules. Temperature and humidity
sensors ensure that the conditions within the footwear are con-
stantly monitored and the microcontroller processes this infor-
mation to make necessary adjustments. Additionally, pressure
sensors and an inertial measurement unit are embedded within
the boot to monitor load distribution and motion [29]–[31].
One of the most distinctive features of the proposed system
is its Avalanche Mode. The system is designed to analyze
movement and pressure information for patterns potentially
associated with an avalanche event. The proposed disaster
logic identifies a combination of rapid or chaotic acceleration,
pressure changes, and subsequent prolonged immobility. When
such a pattern is verified, the system can disable energy-
saving functions, activate a high-power emergency beacon,
and transmit the soldier’s last known coordinates to designated
search and rescue personnel [32]–[35].

This feature allows the boot to offer a dual function that goes
beyond the standard thermal management. The main concept
of the described technology is therefore to ensure that the
same footwear that protects the soldier from the environment
can simultaneously locate him in case of an emergency or
extreme event. An integrated design of the tracking device
can offer an added safety feature in case of a failure or lack
of a separate tracking device [36], [37].

The other notable aspect of the boot is the use of a
hybrid power supply that consists of a rechargeable battery
and a kinetic energy harvester. The latter allows the user
to make the most of his movements [38]–[40]. This is a
crucial consideration given the possible high energy demands
of the system, which include thermal management, sensing,
positioning, and emergency messaging functions.

The current research therefore aims to assess the concept
of an adaptive IoT-enabled boot as a multifunctional device.
Particular attention is paid to the boot’s ability to offer
thermal management, environmental sensing, data processing
and communications, secure positioning, avalanche emergency
response, and power supply. It is argued that the concept of
a smart combat boot can offer multiple benefits for military
operations, ranging from improved combatant resilience in
challenging environments to enhanced options for emergency
response and recovery after an extreme event.

II. SYSTEM ARCHITECTURE AND DESCRIPTION

The IoT-enabled boot is a multifunctional military-grade
device, which combines elements of rugged footwear, active
thermal control, environmental sensing, secure positioning and
emergency response, and power supply. The system utilizes

a continuous Sense-Analyze-Respond cycle, wherein the data
from various built-in sensors are processed by the microcon-
troller in order to enable responsive actions [22], [26], [41].

A. Rugged Footwear Structure

The structural design of the boot is based on the use of
high-quality materials that can resist harsh weather conditions.
In particular, the exterior of the boot is constructed from
water-, fire-, and impact-resistant fabrics in order to protect
the soldier from the elements and ensure the integrity of the
device. Meanwhile, the interior of the boot is designed to offer
comfort and can also accommodate the integrated circuitry.
The overall structure of the boot is therefore modular and is
capable of withstanding extreme temperatures, moisture, and
physical trauma [14], [15], [42].

B. Adaptive Thermal Control

The core feature of the boot is represented by thermoelectric
or Peltier modules, which are used to stabilize the temperature
inside the boot. Unlike the traditional approaches to thermal
management in boots and other military-grade clothing, which
rely on passive insulation, the proposed solution utilizes an
active approach. It is therefore possible to control the tem-
perature inside the boot by engaging the Peltier modules in
the heating or cooling mode depending on the current needs
[43]–[45].

In particular, the microcontroller can be programmed to
respond to a specific temperature differential by initiating
the action of the Peltier modules. Given the capabilities of
the Sense-Analyze-Respond system, the boot can therefore
offer responsive temperature control that can adapt to the
microclimate inside the enclosure [10], [11], [43].

C. Environmental and Movement Sensing

The boot can collect a wealth of information from the
environment with the use of a multi-sensor array. Particular
attention is paid to monitoring the interior of the boot, as
it allows gathering valuable information about the soldier’s
wellbeing. More specifically, the boot can collect data about
temperature, air humidity, and pressure [24], [26], [29]–[31],
[46].

Meanwhile, the inertial measurement unit (IMU) can track
the soldier’s movements and report on the status of the device.
The information from accelerometers and gyroscopes can be
used to detect free-fall movements, jumps, or running [29]–
[31], [46]. Overall, the ability of the boot to process the data
from multiple sources can enable multifunctional operations.

D. Secure Positioning

The boot includes a positioning module, which is typically
represented by a GNSS receiver. The GNSS receiver is placed
in a strategic location on the boot structure in order to ensure
reliable performance under various conditions. The sensitive
equipment is therefore enclosed within a shockproof enclosure.
The positioning data can be secured with the use of encryption
and other measures, which are available in military-grade
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equipment [19]–[21]. In particular, the option of utilizing
multi-constellation GNSS technology can capitalize on the
advantages of different satellite navigation systems [36].

E. Avalanche Emergency Response

Avalanche Mode is the unique feature of the proposed boot,
which is designed to respond to a potential emergency. In
particular, the information from the IMU and pressure sensors
can be processed in order to track rapid movements that
are indicative of an avalanche [35]. The algorithm can then
evaluate the relevant data about the rate of acceleration and
utilize it in combination with the information from pressure
sensors in order to identify a potential avalanche. Specifically,
these two characteristics are likely to change dramatically in
case of an avalanche. The boot can analyze the data and
determine if a potential emergency is taking place.

The current mode would be appropriate in the case of
avalanches but could also be utilized in other emergency
scenarios. In particular, it is assumed that the mode would
function reliably in combat settings in order to determine
whether an asset is intact or has been subjected to a significant
impact. Such a feature could be essential for military opera-
tions given the frequent occurrence of combat-related incidents
and accidents.

The detection logic follows the sequence: sudden or chaotic
acceleration → pressure change → abrupt cessation of move-
ment → prolonged immobility.

Once this pattern has been observed, the system initiates an
emergency protocol: power-saving features are disabled, and
the high-power emergency beacon is activated to relay the
soldier’s last known location to search and rescue teams.

This design addresses a major limitation of existing com-
mercial tracking devices designed for avalanche recovery:
the risk that a soldier’s wearable GPS tracker will become
detached or separated from him in the event of an avalanche
[19], [20], [32], [33]. Thus, the boot serves both as a safety
device and recovery aid.

F. Hybrid Power Supply

The proposed system uses a hybrid power supply that
enables the self-powered operation of the embedded sensors
and processors. This system could take the form of a standard
rechargeable battery combined with piezoelectric or electro-
magnetic generators that scavenge power from the user via
walking or running [38]–[40].

The system could enter a low-power sleep mode when
conditions are stable, while still retaining the ability to override
power-saving features when an emergency arises, thus con-
serving energy while maintaining the soldier’s ability to send
and receive signals. This kind of power management scheme
would prolong mission duration [39], [40].

III. DATA PROCESSING AND TRANSMISSION

The proposed boot operates through a continuous data
pathway: Sensor Acquisition → Data Processing → AI-Based
Decision → Adaptive Action → Secure Transmission.

(a) Placement of accelerometers, gyroscopes, and force sensors within
the boot structure.

(b) Avalanche detection and emergency response workflow.

Fig. 1: Sensor architecture and avalanche emergency response
mechanism of the smart combat boot.

Temperature, humidity, pressure, movement, and location
data are continuously acquired by the embedded sensors. The
data are processed by the central MCU and AI-based control
system.

The system is organized in a sense-analyze-act feedback
loop. Inside the MCU, received information is compared to a
set of desired states relative to the parameters of a safe and
comfortable environment. In case of detecting critically low
temperatures, the system activates the heating or air condi-
tioning system. When high humidity is detected, it initiates
the ventilating process. In addition, if irregular movements
indicate the occurrence of an avalanche, the system switches
to avalanche mode [22], [26], [41].

The information about the location of the user is encrypted
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Fig. 2: End-to-end data processing pathway and execution loop
for the adaptive IoT-enabled combat boot.

to ensure privacy. It is transmitted to the remote server either
periodically, if the system is in a normal state, or instantly, in
case of an emergency event, thus prioritizing avalanche-related
messages [36], [37].

A. Data Acquisition and Processing

The system acquires data from multiple sensors. It processes
this information to filter out noise and increase accuracy. Then
it analyzes the received electrical signals from the sensors to
detect changes in the environment and unusual movements.

The system is designed towards processing information
on a local level before sending any information through
transmission. This is done in order to reduce the amount of
communication and save power [26], [39].

B. Emergency Information Transfer

During normal operations the system can transmit informa-
tion about its status periodically. However, during an assumed
emergency such as an avalanche, the transmission changes to
emergency mode.

The emergency sequence is: Avalanche signature detected
→ Emergency Mode activated → Power-saving disabled →
GNSS coordinates acquired → Location encrypted → Emer-
gency beacon activated → Last known coordinates transmitted.

Such a procedure prioritizes the soldier’s recovery rather
than his energy. It is especially relevant in the case of a
buried, helpless soldier, or one who is totally isolated from
conventional forms of observation [19], [32]–[35].

IV. RESULTS

A. Thermal Regulation Assessment

As can be seen from the data presented, the model demon-
strates good adaptability in cold, moderate, and hot conditions.
Thus, for cold conditions, the temperature inside the boot
increases from 12 to 22◦C; for hot conditions, it decreases
from 39 to 29◦C; for moderate conditions, it remains relatively
balanced at about 28◦C.

Fig. 3: Sequential emergency data transmission protocol dur-
ing a verified avalanche event.

TABLE I: Thermal Regulation Performance of the Adaptive
Smart Combat Boot

Ambient Initial Regulated Trend
Condition Temp. Temp.
Cold 12◦C 22◦C Increased
Moderate 28◦C ≈28◦C Stable
Hot 39◦C 29◦C Decreased

The simulated results suggest that the proposed system
would be able to react in both directions according to the
different conditions. It could help the boot keep the soldier
warm enough in a cold environment and cool him/her down
during a long-term mission.

B. Sensor Accuracy

The simulated sensor evaluation demonstrated accuracy
values exceeding 94% for all tested parameters.

TABLE II: Accuracy of Integrated Environmental and Move-
ment Sensors

Sensor Parameter Simulated Accuracy
Temperature >94%
Humidity >94%
Pressure >94%
Motion (IMU) >94%

Both high simulated motion and environmental sensing
accuracy are crucial to the avalanche rescue feature, as one
is needed to determine irregular movements associated with
the victim, while the other assesses the situation in terms of
temperature and humidity.

C. IoT Transmission Performance

Ten simulated communication attempts had transmission
latency ranging from 185 to 225 ms, with an average latency
of approximately 201.3 ms.

The low latency suggests that it is possible to transmit
routine data in near-real-time and potentially critical data with
higher priority.
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TABLE III: Simulated IoT Communication Latency (10 Trials)

Metric Value
Minimum latency 185 ms
Maximum latency 225 ms
Average latency 201.3 ms

D. Avalanche Emergency Response

The proposed avalanche alert was evaluated using a sim-
ulated series of events, where one set represents regular
motion and the other represents an avalanche-like scenario.
The normal walking and running patterns were registered as
non-emergency cases, while the sudden acceleration and stop
followed by pressure equalization triggered the emergency
response.

TABLE IV: Simulated Avalanche Detection with Emergency
Response

Scenario Pattern Observed System Response
Normal walking Regular acceleration No alert (normal

mode)
Normal running Regular acceleration No alert (normal

mode)
Avalanche-like
event

Sudden accel. + stop +
pressure change

Emergency beacon
triggered

The results confirm the intended functionality of the
Avalanche Mode. The ability to jointly utilize acceleration,
pressure, and a state of immobility has an inherent capacity
to avoid single-point failure modes.

The most critical utility of this design is not simply detecting
an avalanche, but ensuring that the soldiers are found by rescue
services. This can be achieved by combining GNSS with the
independent emergency beacon integrated into the boot itself.

E. Battery and Energy Performance

Simulated operating duration varied according to system
workload.

TABLE V: Estimated Battery Operating Duration Across
System Modes

System Mode Relative Energy Consumption
Standard/idle mode Low
Active sensing mode Moderate
Emergency/beacon mode High

The results presented show the trade-offs that have to be
made with increased functionality. As seen in the results,
the emergency mode has higher energy consumption than the
standard mode, as it prioritizes communication and beacon
activity over energy saving.

V. DISCUSSION

The results of the simulations have shown that the proposed
adaptive IoT-enabled combat boot has the potential to be a

multifunctional military platform. The most interesting aspect
of the proposed system is that the functionality is not limited
to temperature regulation.

The boot is designed to address two different types of
threats. While the soldier is operating in day-to-day conditions,
the system is focused on adapting to the environment and
regulating humidity, temperature, and pressure, as well as
monitoring. In the case of an emergency, the same system
is designed to switch from a daily assistant to a survival-
supporting system.

The thermal simulations showed that it is possible to reach
±10◦C adaptation in extreme conditions. This means that
it is possible to actively regulate the internal temperature
rather than passively insulate. The ability to actively regulate
temperature could be extremely useful in the case of changing
environments, for example, when moving from one climate
zone to another [10], [43]–[45].

However, the more interesting aspect of the proposed system
is the ability to support avalanche recovery. A standard boot
may keep the soldier’s feet safe, but it will not be able to
support survival chances in the case of an avalanche. The
proposed system would address this issue by integrating GNSS
tracking and an emergency beacon into the same platform.

The same reason explains the necessity of the integrated
approach. If the soldier’s location is tracked by an external
system, the ability to do so is limited by the range of the
tracking device. In the case of an emergency, such as an
avalanche, the soldier would not be able to reach the tracking
device. By integrating the tracking and emergency beacon into
the boot, the system would ensure that the soldier is always
tracked unless the boot is lost with the soldier [19]–[21], [36].

The Avalanche Mode is another interesting aspect of the
proposed concept. Instead of simply detecting sudden move-
ments, the system would use multiple sensors and analyze
the combination of acceleration, pressure differential, and
subsequent immobility to identify a potential threat. This
approach would allow distinguishing between a threat and
regular movement with much higher accuracy than simply
relying on movement data [32]–[35], [46].

The results of the simulations showed that the accuracy
of the sensors is expected to be higher than 94%, which
would be sufficient for the described application. However,
the accuracy of the avalanche detection would be defined by
the true positive rate, false positive rate, true negative rate, and
false negative rate. These four parameters would have to be
defined experimentally before the system could be considered
reliable enough for military applications [47]–[49].

The results of the communication simulations are equally
interesting, showing that it is possible to reach approximately
201.3 ms of latency. This data is sufficient to assume that
it would be possible to relay emergency data to the tracking
system quickly enough for a timely response. In the case of an
avalanche, the most important data would be the last known
location and the activation of the emergency beacon. The
ability to relay this information would significantly increase
the chances of survival [32], [33], [40].
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The energy results show the most important limitation of the
proposed concept. The system would have to actively regulate
the temperature, monitor the environment, track the location,
and relay emergency information in case of an emergency.
These functions would require significant amounts of power to
operate, which is why the proposed hybrid energy architecture
and kinetic energy harvesting are critical for the concept’s
viability [38]–[40].

The concept described in this paper is, therefore, a multi-
functional combat boot that goes beyond simple temperature
regulation. While the boot is used in day-to-day operations,
it is designed to support the soldier by regulating the internal
temperature and monitoring the environment. In the case of an
emergency, the boot is designed to switch to emergency mode
and serve as a communication medium.

This is the main difference between the proposed concept
and the mother article. While the mother article describes
the concept of IoT-enabled soldiers who are able to monitor
the environment and report on various factors, the proposed
concept is focused on a single point – the boot. Moreover,
the boot has additional functionality that goes beyond simple
monitoring, namely, the ability to actively regulate temperature
and support survival in the case of an emergency [22]–[25].

The described concept could be extremely useful for the
soldier in the case of an emergency. The ability to track the
location of the soldier is often the only way to recover a soldier
in case of an emergency. However, the reliability of such
tracking is limited by the reliability of the tracking equipment.
In the case of an emergency, the soldier may not be able to
reach the tracking equipment, which is why integrating such
functionality into the boot is much more reliable [19]–[21],
[36].

The same reason explains the necessity of the integrated
approach to emergency beacon activation. The sudden move-
ments that occur in the case of an emergency are unlikely to be
reliably detected by a single sensor. The described approach
of using multiple sensors and analyzing the combination of
acceleration, pressure differential, and subsequent immobility
is much more likely to produce reliable results [32]–[35], [46].

However, the results of the simulations should be taken
with caution. The results represent the output of simula-
tions conducted to demonstrate the potential of the described
technology. The actual results would have to be obtained
experimentally to show that the described concept is viable.

VI. CONCLUSION

The adaptive IoT-enabled combat boot is a concept for a
multifunctional military platform that integrates active tem-
perature regulation, environmental monitoring, secure location
tracking, avalanche emergency detection, IoT communication,
and hybrid energy architecture.

The main goal of the described concept is to go beyond sim-
ple temperature regulation and provide additional functionality
for the soldier, who is often in an isolated environment without
the ability to rely on external infrastructure. Under normal
conditions, the boot would be used to regulate the internal

temperature and monitor the environment. However, in the
case of an emergency, the boot would switch to emergency
mode and serve as a communication medium.

The main advantage of the described approach is that the
boot is able to serve dual purposes. The soldier is unlikely
to carry external equipment that would provide similar func-
tionality, and the ability to integrate multiple functions into a
single boot is the main advantage of the concept. Moreover,
the boot is designed to actively support the soldier in the case
of an emergency, which is especially useful in the case of an
avalanche [22]–[25].

The simulated results have shown that the concept has
potential, although the actual results may differ significantly
from the simulated ones. Under normal conditions, the boot
is able to regulate the internal temperature, monitor the en-
vironment, and track the location of the soldier. In the case
of an emergency, the boot is able to detect it and relay
information about the emergency. These results have shown
that the described concept has potential as a student research
project. However, the actual results would have to be obtained
experimentally [49].

Future research should focus on building a prototype and
testing the described concepts experimentally to determine
whether the concept is viable in real operational conditions.
The ultimate goal of the concept is to show that it is possible
to build a boot that would support the soldier in the case of an
emergency, ideally in an isolated environment when the soldier
has no other means of support. This way, the soldier would
be able to rely on the boot to either survive the emergency or
be recovered as soon as possible [22]–[25].
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