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Abstract—The application and utilization of technology to
measure the level of comfort in mass-produced vehicles,
including military vehicles, is constantly evolving. Currently,
the testing of comfort parameters is carried out manually
through human-driven test drives. Thus, the range of variability
in measurements is extensive as it depends on the subjective
experiential indications of experts. This research utilizes KY-
037 sensor to measure noise level and BME280 sensor fusion to
detect temperature, air pressure, humidity, and altitude. These
parameters have a significant impact on passenger comfort
inside the passenger cabin of military vehicles. This project
included involves the development of LoRa-based
communication medium using RFM95W technology. The
system has extensive performance testing inside the passenger
cabin of a military vehicle on various test area tracks. The test
results indicate that the system is capable of accurately reading
the KY-037 sensor, with a range of 80 - 141 dB depending on the
tracks. The BME280 sensor consistently measures a
temperature of 36,98°C, altitude readings ranging from 667-677
meter above sea level, maintaining a stable air pressure of
955.35 hPa, and measuring the lowest humidity level in the
vehicle cabin at 24.34%. The LoRa technology possesses
remarkable to extend the communication range, even in
challenging environments, reaching distances over 2 kilometers.
The response time for data sent in web-based applications
consistently remains below 1 second. Thus, this system can assist
experts in enhancing cabin passenger comfort standards by
narrowing the range and making it more measurable.

Keywords—BME280;  Military  Vehicle;  Long-Range
RFMI95W; Real-Time; Vicinity Detection; Vehicle Cabin; Web-
Based Application; Humidity; Air Pressure;  Altitude;
Communication.

I. INTRODUCTION

The application and utilization of comfort level
measurement technology in a vehicle is crucial for both
public vehicles and military vehicles made of steel that
provides protection and is equipped with weapons [1]. These
military vehicles are designed to be as robust as possible
while still providing certain human comfort parameters, even
when used in hazardous terrain.

Prior to deployment, military vehicles undergo a series of
rigorous testing procedures. In addition to rigorous external
testing to assess the durability of the armored vehicle, it is
also crucial to evaluate internal factors that impact the safety
and comfort of the passengers and drivers. Testing various

parameters is necessary, including sound, temperature,
humidity, altitude, and pressure [2]-[4].

Currently, the evaluation of military vehicle vehicles has
been conducted by highly knowledgeable experts who
possess extensive experience in assessing the internal aspects
of military vehicles. However, this testing has challenges due
to the diverse measurement resulting from differences in
experiential factors and institutions backgrounds of various
experts. Therefore, in order to enhance the measurement of
parameters within these internal factors, it is crucial to utilize
measuring instruments in the form of sensors that can assist
experts in assessing and ensuring the value of parameters
derived from internal factors, thereby improving
measurement accuracy and consistency [5], [6].

Evaluating the noise levels in a military vehicle is an
important criterion to assess the sound intensity in decibels.
This testing is necessary because it is crucial to ensure that
the level of noise in military vehicles remains below
acceptable limit. Failure to do so can result in a potential
decrease in auditory ability, either temporary or permanent
[7]-[10]. It is essential to conduct tests on the temperature,
pressure, and humidity parameters since the internal factors
of the vehicle must be within the normal range of body
temperature 20° — 25° C [11]. It is important to maintain the
humidity level of a vehicle within the range of 30%-50% to
ensure ideal conditions [12]. It is also crucial to measure the
elevation or altitude, and the gradient of military vehicles to
determine their orientation. It is important for ensuring that
passengers do not experience confusion when riding the
vehicles [13].

To enhance the reliance of military vehicle operations
based on test results, it is crucial to develop a real-time data
system. This will enable accurate monitoring and storage of
data results [14]. The previous documentation and data
retrieval process could only be performed manually and
lacked real-time capabilities. Data retrieval can only be
performed after the completion of testing, similar to blackbox
[15]. Therefore, the achieved results are not effective.
Furthermore, after the completion is finished, it is possible to
process new data that cannot be directly observed and
processed for data retrieval.

Currently, there are various wireless data transmission
devices available, including Wi-Fi [16], [17], Z-Wave [18],
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Zigbee [19], NB-IoT [20], and LoRa [21]. LoRa provides a
very efficient and extensive data transmission range,
resulting in significant cost savings [22], [23]. LoRa can also
be utilized in challenging environments, including situations
with thick walls and steel obstacles [24]-[26].

Based on the information provided above, there is a gap
in the lack of a device to measure passenger comfort based
on internal factors of military vehicles. Therefore, this
research is developed to assist professionals in evaluating
internal factors of military vehicle. This research aims to
create a device that can function to measure comfort
parameters automatically, such as noise level detection,
temperature, humidity, air pressure, and altitude. This system
can provide a measurable comfort range, minimize the testing
range for experts, and offering the benefit of a reference range
of comfort values when dealing with experts. Furthermore,
the monitoring process and test results can be conveniently
stored in the cloud, allowing for easy access and future
reference. This research also has practical contributions in
testing the internal factors of military vehicles to provide
information for decision-making regarding the safety and
comfort of military vehicles according to standards [1], [27],
[28] while minimizing associated risks.

The device used for this research is the LoRa RFM95W,
which will function as a communication medium to transmit
data from various types of sensors. LoRa is recommended to
address the limitations of using WIFI in military vehicles that
are mostly armored and cause limited signal transmission
rates. The sound sensor utilized for detecting loud sounds in
military vehicles is the KY-037 [29]. In addition, a sound
meter detector is employed to calibrate and compare the
measurements obtained from the KY-037. Meanwhile,
BME280 sensors [30], [31] is utilized to facilitate
temperature, humidity, pressure, and altitude measurements.
All measurement values will be calibrated according to the
provided reference standards in the literature review section.
The monitoring system that will be obtained on the
monitoring dashboard will be presented through a web-based
interface. This will facilitate experts in analyzing real-time
testing data.

In addition, this research will be presented as follows. In
chapter two, the author delves into the related work and
research methodology, providing a comprehensive overview
and focuses on the intricate details of the system design.
Chapter three provides a comprehensive analysis of the test
results, while chapter four presents the conclusions and future
works.

II. RESEARCH METHODOLOGY

A. Methodology

This research was conducted using a collaborative
research and development methodology to create a prototype.
The process entailed doing comprehensive literature reviews,
designing and developing a prototype, constructing
prototypes and an integrated system, performing tests and
analysis, and drawing conclusions based on the results of the
analysis as depicted in Fig. 1. All stages are explained in
detail in each subsequent subsection.

Literature Review

|1> Prototype Design
Creating Prototype and
integrated system
—|_,\ Testing and
- evaluation
B. Methodology

Prior to delving into the proposed system modeling in this
research, it is crucial to conduct a comprehensive review of
the existing literature and relevant studies. Literature study
would explore the research conducted by previous scholars in
the same field. The findings from the literature review will
serve as the foundation for the innovation and development
of the system created in this research.

T
|

Fig. 1. Research methodology

The literature study encompasses various aspects of the
fundamental framework of the proposed system. This
encompasses research on the utilization of sound sensors for
noise detection, integration of sound sensors, temperature,
humidity, altitude, and pressure detection, as well as the
implementation of LoRaWAN as a cost-effective, energy-
efficient, and versatile communication medium for data
transmission. Furthermore, a comprehensive review is
conducted on relevant research in the field of military
vehicles, specifically focusing on the internal factors of the
passenger cabin.

Sound sensors are commonly used to detect noise. The
sound sensor plays a crucial role in detecting and measuring
noise levels inside military vehicles. A sound sensor is
capable of detecting sound signals and converting them into
decibels (dB) [32]. In sound level detection, there is a
threshold of volume that is considered comfortable for the
human ear to perceive [33], [34], as illustrated in Fig. 2.
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Fig. 2. Hearing threshold level range

According to Fig. 2, it is proven that the permissible noise
level is approximately 80dB [35]. Therefore, this sensor has
potential to prevent hearing impairments either temporarily
or permanently [36]. The commonly used sound sensor is the
KY-037 sensor. This sensor is also utilized to measure
aircraft noise in residential areas [37], resulting in a 5%

Wildan Muhammad Yasin Fadillah, Vicinity Monitoring of Military Vehicle Cabin to Improve Passenger Comfort with

Fusion Sensors and LoRa RFM95W



Journal of Robotics and Control (JRC)

ISSN: 2715-5072

1218

discrepancy compared to measurements obtained with a
sound sensor [38], [39]. Furthermore, this sensor was utilized
to assess the level of noise in the library of a university in
Panama [40]. In this study, five sound sensors were
compared using the LM393 mic. The results indicate that the
KY-037 sensor outperforms the others in detecting sound.

To identify additional internal factors like temperature,
humidity, pressure, and altitude, a single integrated sensor
can be used is the BME280 sensor. By incorporating the
BME280 sensor, it becomes possible to measure temperature
and humidity levels, which are crucial factors in monitoring
the internal environment of a vehicle [41]-[43]. If the
temperature is excessively high and the humidity falls within
the dry or humid range in military vehicles, it can lead to
discomfort and negatively impact the health of users,
particularly in terms of virus transmission [44], [45], [46].
Humidity measurements can have an impact on the interior
of the car, potentially leading to damage or disruption [47]-
[49].

Measuring altitude parameters while driving is crucial for
optimizing fuel efficiency and ensuring compatibility with
new vehicle systems [50], [S1]. The calculation of air
pressure within a vehicle is crucial to provide appropriate air
circulation and overall comfort [52], [53].

There are numerous studies that support the utilization of
the BME280 sensor. One example is the implementation of a
weather station to monitor air quality and compare it to
BMKG measurements [54]-[57], or the utilization of
temperature prediction in conjunction with IoT [58].
Furthermore, BME sensors have the capability to detect
airflow by analyzing the ambient environmental variables
[59]. The utilization of the BME 280 integrated sensor
simplifies the circuit implementation by eliminating the need
to use sensors from numerous modules.

In addition, it is essential to comply with precise criteria
standards when conducting military vehicle testing. The
continuous monitoring of the vehicle in real-time involves the
acquisition of current data [60]. Thus, a device is required to
transmit all data to the control center using IoT technology.

The data communication media utilized for monitoring all
testing metrics leverages LoORaWAN technology. LoRaWAN
technology is extensively utilized in rural areas that lack
WIFI network coverage [61]-[63]. Considering the extensive
data range and diverse terrain, including areas with restricted
signal connectivity availability [64]. LoRaWAN technology
provides considerable gain in terms of data transmission and
power efficiency [65]-[67].

LoRaWAN technology is commonly utilized for Internet
of Things (IoT) devices like smart homes [68]-[70].
Agricultural monitors have using LoRa to monitor the
progress of agricultural produce [71]. The LoRa RFO5W was
employed to monitor microclimate variables in the
environment, effectively transmitting data for a duration of
more than two years [72]-[75].

Based on the literature review analysis this research
proposes the development of a system that can assist experts
in assessing the internal comfort parameters of the passenger
cabin particularly for military vehicles. This system would

involve embedded sensors that are integrated with a
monitoring system, providing a realistic scientific
contribution that may be implemented in a real environment.

C. Design and Proposed System

After doing a comprehensive literature review, the next
step is to proceed with the design of the proposed system. Fig.
3 displays the block diagram of the proposed system.
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Fig. 3. Block diagram of the proposed system

Fig. 3 presents the block diagram of the proposed system,
consisting of three modules: measurement module, data
transmission/communication module, and monitoring
module. The measurement module is designed to detect and
analyze the internal parameters of the passenger cabin
environment. As previously mentioned, the measurement
module incorporates the KY037 and BME280 sensors, which
are creating a fusion sensor to detect the five comfort factors
in military vehicles.

The KY037 sensor is chosen for its ability to detect the
noise levels inside military vehicles, while the BME 280
sensor is preferred for its powerful sensing capabilities. The
sensor is utilized to detect temperature, humidity, air
pressure, and altitude from within the military vehicle.

At the implementation stage, the measurement module is
then integrated into a military vehicle and positioned in the
passenger cabin at a height of 120 cm from the vehicle floor.
The device is positioned at height that is precisely calibrated
to match the typical hearing level of a person seated in a
passenger cabin. This guarantees enhanced precision I
carrying out tests that accurately reflect real environmental
conditions.

Furthermore, the data communication module is
positioned at both the transmitter and receiver side. This
module serves as an intermediary between the measurement
module and the monitoring module. The selected module is
the LORA RFM95W module. This module is used as a
communication medium as a transmitter to deliver data that
has been successfully sensed in the measurement module
area, and as a receiver to receive and interpret sensing data in
the monitoring module. As previously mentioned, the LORA
RFMO95W was selected for its durability, robustness and
resilience in transmitting radio frequency signals in the steel-
covered areas, or remote locations beyond the range of WIFI
signals that challenge data transmission.

Fig. 4 illustrates the module responsible for data
transmission and communication. Fig. 3 depicts the peer-to-
peer (P2P) LoRa data transmission where the receiver is
installed outside the military vehicle. The system installed in
the passenger cabin of a military vehicle features a
microcontroller connected to a sensor, as well as a LoRa
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device that enables the transmission of sensor data on a Peer-
to-Peer basis [76].

By utilizing peer-to-peer technology, the efficiency of
data transfer in the remote testing range can be enhanced.
This is achieved through the utilization of the LoRa
Transmitter module device in the passenger cabin, which is
connected to various sensors on the microcontroller. The data
is subsequently received by the LoRa Receiver module in the
testing area.

Sensor Placement
inside the Vehicle

Radio-Frequency Signal Sending

e LD
LoRa Receiver

Fig. 4. P2P communication module

The final module is the monitoring module, which is an
application accessible through a web interface. The display in
this monitoring module is web-based and linked to a SQL
database and a specialized API for translating data acquired
from the measurement module. Fig. 5 depicts the design of
the monitoring module, which allows the monitoring center
to observe alterations in the data. Real-time monitoring
includes parameters such as temperature, humidity, noise,
pressure, and altitude. The web interface has the capability to
display data in either numerical or graphical form, facilitating
in the comprehension and analysis of the information.
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Fig. 5. Design of monitoring system module

After the block diagram has been explained, the
subsequent task is to provide a detailed description of the
functioning of the proposed system. The functionality of the
proposed system is illustrated in Fig. 6.

The system initiates its operation when electricity is
supplied to the microcontroller. The initial LoRa
configuration is considered finished once it is successfully
connected and ready for operation. Afterwards, the system
continues with the sensor initialization. If the sensor is
detected, the sensor reading loop will be activated from task
core 0 to begin detecting the sound level. If the sound level
exceeds 85 dB, the buzzer will emit a sound, and the speed of
the sound range will escalate. Subsequently, the primary loop
will initiate the reading of the BME280 sensor. After

acquiring the measurement data, the task data will be
transmitted over the LoRa module using a peer-to-peer
method. The loop procedure will be terminated when power
is no longer supplied to the microcontroller. All data recorded
by the Lora receiver can be accessed on the monitoring
dashboard, accessible through a web-based application.
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Fig. 6. Flowchart of the proposed system

I11. RESULT AND DISCUSSION

Following the prototyping section, the subsequent step is
to perform testing on the system prototype. The proposed
system will be subjected to testing with various scenarios to
assess the performance of the measurement system module,
LoRa RFM95W communication media module, and
monitoring system module.

Testing is conducted in a dedicated battle training track
area that provides several tracks for military vehicle travel.
The measurement system is positioned in the passenger
cabin, elevated 1.2 meters above the floor of the military
vehicle. The monitoring receiver is installed in the
supervisory control room, which is 100 meters away from the
battle training track area. It has the capability to cover a
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distance of more than 2 kilometers, as shown in Fig. 7. The
testing situation is depicted in Fig. 7 below.

Testing Scenario

Received Data

Fig. 7. Testing scenario

The initial test conducted aimed to assess the efficacy of
LoRa communication medium. This experiment was carried
out to determine the maximum distance across which data
may be transmitted between the LoRa transmitter and
receiver. The purpose of this experiment was to assess the
data transmission performance of the system in several
terrains, including parallel beam, sine wave type 1, sine wave
type 2, and a slope of 30°. The proposed detection system is
then placed in the passenger cabin of a military vehicle, as
previously explained. The enclosed armored military vehicle
departs the control center and travels at varying speeds
ranging from 10 km/h and 40 km/h along specified warfare
training routes.

Fig. 8 displays the graph represents the results of the
LoRa performance test carried out along the track, covering
distances from 100 meters to 2000 meters. The test was
conducted using the line-of-sight (LOS) and non-line-of-
sight (non-LOS) methods on the military training track area.
LOS testing is performed by systematically opening all the
windows and door of military vehicles. In contrast, all the
military vehicle's windows and access doors are closed
during non-LOSS situations. Therefore, the vehicle's armor
layer will block the signal.

During the testing phase, the results may vary based on
factors such as the terrain, obstacles, and range. Challenges
arise from various structures in the training track vicinity and
the fortified steel wall of the military vehicle. In line-of-sight
(LOS) settings, the monitoring center receives a consistent,
robust, and reliable RSSI signal intensity, which varies
depending on the distance. The signal strength remains
consistently excellent, with the lowest value of -115 dB seen
for distances more than 2000 m.

However, in non-line-of-sight (non-LOS) the test findings
indicate that, over distances more than 2000 meters, the
detection system data may still be properly received at the
control center even in the presence of an RSSI signal strength
as low as -120 dB. Therefore, in this test, it can be stated that
the signal on the LoRa is not greatly affected even though all
doors and windows on military vehicles are closed. The tests
of the transmitter and receiver were only discontinued after
the distance exceeding 2200 m for non-LOS, and 3000 m for
LOS environment. According to this analysis, loRa can
address the issue of transmitting data that is restricted by

WIFTI signals. This capability can assist the control center in
monitoring the passenger cabin environment. To expand the
observation range, it is possible to deploy gateway points
strategically as relays to enhance the radio frequency signal
transmitted by LoRa.
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Fig. 8. LoRa RSSI experiment result

Afterward, the test proceeded to evaluate the efficacy of
the KY-037 sound sensor. During this test, the military
vehicle was operated at speeds ranging from 10km/h to
40km/h on various tracks within the warfare training test area,
as depicted in Fig. 8 earlier. The graph in Fig. 9 depicts the
test results obtained from the KY-037 sensor.
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Fig. 9. KY-037 experiment result

The graph in Fig. 9 illustrates demonstrates the
proficiency of the KY-037 sensor in detecting sound and
converting it into decibel (dB) unit. The sensor is strategically
positioned at a height of 120 cm from the vehicle's floor,
ensuring that noise data is collected in alignment with the
passenger's ear level when seated in the cabin. The sensor is
capable of detecting noise levels ranging from 60 dB to 141
dB in the passenger cabin. The parallel beam track exhibits
the highest degree of noise due to the ability of military
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vehicles to achieve speeds of up to 40 km/h. This results in
elevated engine noise and noise levels reaching up to 141 dB.

Regarding sine routes 1 and 2, the level of noise generated
is relatively insignificant. This is due to the varying heights
of the track, which necessitates military vehicles to operate at
slower speeds of 10-20 km/hour. The source of noise in
military vehicles arises from the engine and the sounds
generated by passengers. However, the excessive noise and
high decibel levels within military environment can
potentially cause a decrease in passengers' hearing sensitivity
if it continues and potentially leading to future hearing loss.
Tracks exhibiting significant vibration waves might
experience an extreme rise in sound vibration.

According to the test results, it can be inferred that
detecting noise in military vehicles can offer valuable
information to experts for analysis and decision-making. This
information can guide the development of measures to reduce

the noise level, ensuring that it remains below the necessary
threshold.

The subsequent examination entailed the utilization of the
BME-280 sensor. The BME-280 Sensor is tested on military
vehicles operating at speeds ranging from 10 km/h to 40 km/h
on various tracks within the war exercise test area, similar to
the testing of the KY-037 sensor. The BME-280 testing will
be demonstrated for each parameter identified by the BME-
280. A comprehensive analysis will be presented for each
parameter measured by the BME-280, including temperature,
humidity, altitude, and air pressure. Fig. 10 illustrates the
results of the temperature parameter experiment.
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Fig. 10. Temperature experiment result

The graph depicted in Fig. 10 illustrates the variability of
temperature parameters on military vehicles, which can be
attributed to a multitude of influencing factors. An important
consideration is the working temperature of the engine in
military vehicles. The graph displays the maximum
temperature recorded, which varies between 34.6 °C and 37.0
°C. The measurements were conducted indoors and are not
directly comparable to the external air temperature readings

taken throughout the testing period. Nevertheless, the
temperature inside the passenger cabin can be influenced by
the external air temperature, especially when all windows are
tightly closed.

The temperature parameter greatly influences the comfort
of military vehicle passengers, especially during extended
journeys in dangerous terrain. The upper limit of temperature
that humans can endure is 38° degrees Celsius [77]. Extended
periods of being exposed to and/or engaging in physical
activity in a consistent temperature of 38° C can lead to heat
cramps or heat exhaustion, and there is a potential risk for
heat stroke [78]. During the test, it can be observed that the
cabin temperature readings were taken under tolerance
conditions. This included the combination of engine heat,
body heat from the passengers, and the heat generated by the
device itself.

The following test outcome represents the result of
assessing the pressure parameter as shown in Fig. 11.
According to Fig. 11, the air pressure measured within the
passenger cabin of the military vehicle ranges from 934.68
hPa to 955.35 hPa. This is caused by the significant
oscillation that occurs during the journey, which changes the
wind and passenger movement pattern. Consequently, this
affects the air pressure within the cabin. However, this range
is acceptable since it indicates that the pressure inside the
military vehicle is within the standard range, below 1
atmosphere (atm), which is equivalent to 1013.25
hectopascals (hPa).

Therefore, it will cause any detrimental impacts on human
breathing or the stability of vehicles. The graph also
illustrates the impact of pressure variation on speed. It is
observed that when the engine performance exceeds 30 km/h
to 40 km/h, there is a noticeable decrease in air pressure
measurements. This occurred because all the vents on the test
journey were closed, which had an impact on respiration.
Pressure changes can also lead to structural damage, which is
often observed in military vehicles. Therefore, it can serve as
a useful parameter for assessing the resilience of military
vehicles to pressure fluctuations in the passenger cabin.
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Fig. 11. Air-pressure experiment result
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In addition, Fig. 12 displays the result of the altitude
parameter testing. The altitude parameter in the passenger
cabin of the military vehicle maintains a constant level within
the range of 667-677 meter above sea level (mdpl) during the
test. The potential variation in movement of 10 mdpl can be
attributed to the incline of the terrain and the unpredictable
nature of the military vehicle's performance on different track
surfaces. The highest and most noticeable altitude is observed
when military vehicles pass the 30%-gradient track. On this
route, the altitude reaches a maximum of 677 meters above
sea level. However, it remains within the permissible range.

The air temperature and pressure can be influenced by the
altitude and slope of the terrain. As elevation increases, air
pressure decreases. It is a well-known fact that cold air has a
greater density compared to warm air. When the air pressure
is high, dry weather is typically formed in low areas, whereas
low air pressure tends to result in cooler temperatures in
higher areas [79]. Based on the test results, there are no
exceptional circumstances in which altitude has an impact on
variations in temperature and air pressure.
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Fig. 12. Altitude experiment result

The final parameter to be assessed in the measurement
module is the evaluation of the humidity parameter. Fig. 13
displays the test results. According to the test result, the
humidity level detected in the military vehicle car falls within
the range of 24.34% - 30.05%. This indicates that the
humidity level within the military vehicle is not elevated, but
rather the surrounding environment is dry. The ideal humidity
level for a vehicle is typically between 30% and 50% [4]. This
has a detrimental impact on both the user and the interior of
the vehicle. Insufficient humidity levels can lead to dry air,
which can affect the respiratory system and impact the skin.
Insufficient humidity levels may not be a major issue for the
interiors of military vehicles. However, it is important to
consider that the use of synthetic materials in military
vehicles may result in accelerated degradation.

The air humidity in a place is influenced by six factors:
temperature, quality and quantity of irradiation, wind

movement, air pressure, vegetation, and availability of
groundwater in the area [80]. According to the given
information, the humidity level in the vehicle is still within
the allowable limit for human comfort. Conversely, when the
humidity is below 10%, it can cause dehydration, leading to
the development of dry and irritated skin, as well as dry eyes
and nosebleeds. Individuals suffering from eczema or acne
will have heightened instances of inflammation due to
decreased humidity levels. Inadequate tear production can
lead to pain in the eyes, reduced clarity of vision, and
increased vulnerability to eye infections [81]. Hence, it is
imperative to control humidity levels in a military vehicle
through meticulous observation of wind patterns and air
pressure.
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Fig. 13. Humidity experiment result

The test findings of the BME280 sensor indicate that it is
crucial to utilize this equipment for the detection of
temperature, humidity, air pressure, and altitude. Due of its
ability to offer useful data for experts to analyze and make
informed decisions. This information can provide guidance
for developing measures to enhance the comfort of the
military vehicle passenger compartment, in accordance with
established measuring standards.

The final assessment is the test for the monitoring module.
This test aims to assess the efficacy of delivering data from
the detection module to the monitoring module using the
LoRa communication module. Fig. 14 displays the test
results. It illustrates the response time comparison between
the KYO037 sensor and the BME280 sensor. The KY037
sensor exhibits a response time ranging from 0.461 ms to 0.8
ms, whereas the BME280 sensor has a considerably longer
response time of 6,830 ms. This is because the BME280
sensor promptly transmits a comprehensive set of data,
including temperature, humidity, air pressure, and altitude
parameters, during testing. According to this test, it can be
concluded that the data can be transmitted to web monitoring
in real time, as it takes less than a second. In the event of an
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unsuccessful transmission, it is possible to monitor the data
by accessing the database file containing the test data saved
on the cloud server.

GET /sensor/ky/681
GET /sensor/ky/601

)4 8.850 ms - -
0.461 ms - -

6.830 ms - -

GET /sensor/bme/1881
Fig. 14. Response time

If all the sensors connected to the LoRa transmitter
encounter an error while transmitting data to the API, one
possible solution is to capture the screen on the LoRa
transmitter serial monitor. This can be tracked and stored the
values of each sensor for test result data. During the testing
phase, the inability to transmit data to the display was solely
caused by a loss of connection between the transmitter and
receiver due to the distance between them. The terrain type
and presence of obstacles did not cause any substantial
inaccuracy in transmitting data from the transmitter to the
receiver.

Fig. 15 depicts a visual representation of the monitoring
display during the test. The online display dashboard presents
five measurement metrics that are measured by the device.
The display can be represented by a parameter value, which
can be either a numerical value or a dynamic graphical
representation of a test operation. During the test, temperature
and humidity are represented numerically as these two
variables are often consistent and infrequently fluctuate once
a measurement is recorded. Graphs are utilized to visually
represent measurements for noise, pressure, and altitude
parameters because they allow for easy adjustment of
detection levels within a short period of time. Therefore, it is
expected that this technology will assist experts in assessing
the internal comfort aspects of newly developed military
vehicles and analyzing the collected data to facilitate
decision-making.

© @
o o @

)

@ @ T
Fig. 15. Web display

1V. CONCLUSIONS

A proposed model for the development of military vehicle
cabin comfort involves the use of sound sensors (KY-037),
BME280 sensors for measuring temperature, humidity, air
pressure, and altitude, and an RFM95W LoRa module for
real-time data transmission. Through the integration of these
technologies, this research has successfully developed a
unique alternative system that can accurately provide
information on vehicle comfort parameters. The system can
be tested with a range of military vehicle models, as it

possesses quantifiable parameters and does not rely on the
professionalism of an experienced expert. This system can be
implemented to enhance the expertise of individuals in
assessing the comfort and safety of a vehicle, particularly
military vehicles.

The utilization of LoRa as a communication medium
enables data transmission over long distances while
consuming minimal power. This technology offers a solution
to address challenges faced by military vehicles in enclosed
spaces or arecas where Wi-Fi signals are not accessible. The
test results indicate that this system is capable of functioning
effectively within the passenger cabin of an armored military
vehicle, even wunder -challenging conditions such as
fluctuating speeds and enclosed environments.

By utilizing the BME280 sensor and KY-037 sensor, we
can effectively analyze various parameters such as sound,
temperature, air pressure, altitude, and humidity. The sound
sensor, for instance, has demonstrated its capability by
detecting a maximum of 141 db. Inside military vehicles, the
temperature remains within a range of 34.55 to 36.98 °C.
Meanwhile, the air pressure readings fluctuate between
934.68 hPa and 955.35 hPa. As for altitude, the track
elevations vary from 667 to 677 above sea level. Lastly, the
humidity levels inside the vehicle range from 24.34% to
30.05%. The detection results can assist specialists in
conducting analytical investigations to identify areas that
want improvement and choose appropriate measures to
enhance them.

The LoRa test results demonstrate the system's ability to
operate effectively in diverse terrain conditions, even in the
presence of obstacles like buildings and steel-wall vehicle.
The maximum distance achievable by LoRa exceeds 2 km,
with an RSSI of -120 dB. Furthermore, real-time testing of
the detection system's response time to web monitoring is
possible.

Due to the implementation of the detection model,
professionals can now conduct internal vehicle testing with
greater accuracy and efficiency. Furthermore, the data
generated can be seamlessly stored in real-time in the cloud,
facilitating effortless monitoring and analysis of the data.
This technology is anticipated to elevate the benchmark of
military vehicle testing and provide a tangible contribution to
the safety and comfort of its users.

This research offers fresh perspectives on military
Vehicle Manufacturing and Production. Although there has
been notable progress in identifying the outcomes of the
research, there are still various aspects that can be further
explored to enhance understanding in this area. In the future,
expanding the dataset can be seen as a crucial step in
enhancing the applicability of these findings. Further
research and experimentation are necessary to validate and
expand the research framework.

In the future, it is possible to incorporate and enhance the
parameters of the measurement system. For instance, this
system can be applied in the passenger cabin of a military
vehicle that is equipped with a system like an Inertia
Measurement Unit (IMU) capable of measuring the vehicle's
orientation in 9 degrees of freedom.
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Exploring additional enhancements to the models or
techniques employed and assessing the influence of specific
variables may be the primary focus in the future. The
inclusion of an integrated camera within the cabin of the
armored military vehicle allows passengers to gain awareness
of the external surroundings of the vehicle.

Furthermore, the range between transmitters and
receivers can be expanded by employing wireless sensor
network technology and implementing supplementary
gateways as relays at surveillance sites. Similarly, it is crucial
to apply these findings in practical situations and conduct
sustainability testing to assess their potential impact. It could
potentially be applied and enhanced to military vehicle
tracking processes. Overall, this research paves the way for
additional exploration and future contributions, laying a solid
groundwork for further advancements in innovation.
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