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Abstract: This study presents key findings from the evaluation of an automotive warning device equipped with
a blinker and alarm system. The objectives were to determine the sensitivity of the device in detecting incoming
vehicles, assess the visibility of the warning light emitted under varying lighting conditions and distances,
evaluate the sound clarity and effectiveness of the alarm at different distances, and gauge the acceptability of the
device in terms of design, composition, safety, and operating performance. Controlled experiments were
conducted to measure the sensitivity of the device in detecting incoming vehicles at varying distances. Visibility
tests were carried out to evaluate the warning light's effectiveness under different lighting conditions and
distances. The sound clarity and effectiveness of the alarm were assessed through experiments conducted at
different distances. Findings revealed that the automotive warning device demonstrated high sensitivity in
detecting incoming vehicles, ensuring reliable performance across varying distances. The warning light emitted
by the device exhibited strong visibility under diverse lighting conditions and distances, enhancing its
effectiveness as a visual alert system. Furthermore, the alarm system proved to be clear and effective in
signaling approaching vehicles across different distances. Overall, the developmental automotive warning
device with blinker and alarm system shows promising potential in enhancing road safety by providing timely
alerts to drivers. Further refinement of the device's design and composition is recommended to enhance its
aesthetic appeal and safety features. Continuous testing and optimization efforts are necessary to ensure
consistent and reliable performance in real-world driving scenarios.
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INTRODUCTION

Modern cars are generally reliable, but unforeseen breakdowns or emergencies can still
occur. Common situations include flat tires or running out of fuel. These incidents can
happen anywhere, from deserted roads to busy highways. Regardless of location, utilizing an
Early Warning Device (EWD) is crucial for safety.

The Philippines, though rich in resources, faces economic challenges due to natural
disasters and human-caused damage. This can lead to fluctuations in basic commaodity prices.
However, this information is not directly relevant to the topic of EWDs.

The Land Transportation Office (LTO) of the Philippines mandates EWDs as a safety
measure for emergency car stops. These highly visible neon-lit devices come in pairs: a red
and a yellow triangle. When a car needs to stop, the red triangle is positioned about six
meters behind the vehicle to warn approaching drivers of potential danger.

The yellow triangle is placed approximately six meters further back from the red one,
creating a clear visual signal. This distance is particularly important on highways where cars
travel faster. Additionally, EWDs should be positioned at a slight angle (five to ten degrees)
away from the road surface. This angle optimizes light reflection from approaching vehicles,
enhancing visibility.

EWDs not only alert drivers to your stopped car but also warn them of potential hazards
you may have encountered, such as dead animals, accidents, or landslides. Using EWDs is
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not just a legal requirement; it's a responsible action that prevents accidents caused by
unexpected obstacles.

This research explores the development of a sensor-driven EWD for educational
purposes.  This project offers several benefits like integrating advanced automotive
technologies into the curriculum exposes students and instructors to cutting-edge concepts
relevant to the industry. Building the EWD allows students to apply theoretical knowledge in
a real-world scenario, gaining hands-on experience in design, testing, and implementation.
Studying these devices raises awareness of the importance of safety systems and their role in
reducing accidents. The project can also inspire students to explore entrepreneurial ventures
in the automotive technology sector, fostering innovation and creativity.

EWDs are a critical safety measure for all drivers. This research project complements
these efforts by promoting safety awareness and potentially leading to the development of
innovative automotive warning systems.

Statement of the problem
Generally, this study aimed to developed automotive sensor-driven early warning device.
Specifically, it sought to:
1) determine the sensitivity of the device in detecting incoming vehicles at varying
distances;
2) determine the visibility of the warning light of the device during day and night at
varying distances;
3) determine the sound audibility of the device at varying distances and
4) determine the acceptability of the device in terms of design, composition, safety, and
operating performance.

LITERATURE REVIEW

Early warning system

There are some definitions regarding Early Warning System (EWS) that are applied to
explain lots of actions of individuals, groups, and/or governments (Saadeldin et al., 2014).
The EWS is a set of systems for its notification about the occurrence of natural events or the
other forms. It can be in the form of disasters or other natural phenomena or in the form of
several traffic incidents that occurred lately. Traffic of highways or roads causes such
accidents which have occurred frequently in the last decades. One of them is due to the
presence of the blind zone. Communicating the blind area on the road curvature that has been
observed from inside the vehicle is one of the effective functions of the Driver Assistance
System that can help minimize traffic accidents, and fatal crashes on the road, and it has
received unprecedented attention. The disastrous event in the Intercity Buses arose from the
sharp curvature of the road whereby many passengers were injured or did not survive.
However, they have a significant potential to improve roadway safety and traffic productivity
(Najada and Mahgoub, 2016).

Linear regression models have been used to assess the relationship between road design
features and accident rates. However, these models have limitations. They assume a linear
relationship between variables, which may not always be the case for accident data.
Additionally, accident rates are non-negative and discrete values, whereas linear regression
models can produce negative or non-integer values.

Nilsson and Nilsson (2015) proposed Poisson regression models as an alternative.
These models are better suited for count data, such as accident rates, and can account for
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random and sporadic factors influencing accidents. However, even Poisson models can lead
to over- or under-estimation of accident rates.

The radius of horizontal curves is a crucial element in road design that significantly
impacts traffic safety. Smaller curve radii increase the likelihood of accidents due to
limitations on vehicle stability. Studies by Zhang et al. (2020) and others have shown a
correlation between sharper curves and higher accident rates.

Past research has explored the link between horizontal curve radius and accident rates.
Researchers have calculated the average radius and curvature for different road categories
and compared them to the average number of accidents within those categories. These studies
support the notion that sharper curves contribute to a higher incidence of accidents.

The EWS made in this first stage is a model to obtain the minimum of the radius and
the maximum allowed velocity on a gradient (sag or step)/curvature. These values are
obtained as input to many parameters including road curvature data values, traveling speeds,
traffic data analysis among others. This maximum permissible speed, therefore, becomes an
important factor in the future to check whether an object that passes through the
gradient/curvature is doing so at the right speed or whether it has to warn it to reduce its
speed according to the permissible speed. In this built EWS model, as the speed data to be
simulated in the application, it will automatically check with the application of the maximum
speed from the calculations and geometry analysis results. It will also offer a safe sign or
warning against the rate (Shen, et al., 2018).

Early warning devices are incredibly important to road users, including drivers,
pedestrians, and cyclists, for several reasons in which early warning devices provide crucial
alerts about potential hazards or dangers on the road, such as accidents, construction zones, or
road closures. By alerting road users to these hazards in advance, they help prevent accidents,
reduce the severity of collisions, and improve overall road safety. By providing early
warnings, these devices allow road users to anticipate and prepare for potential hazards,
enabling them to adjust their driving behavior accordingly. This can include reducing speed,
changing lanes, or taking alternative routes to avoid dangerous situations. Early warning
devices enhance situational awareness among road users by providing real-time information
about changing road conditions, traffic patterns, and potential obstacles. This helps drivers
make informed decisions and navigate safely through challenging environments. By alerting
drivers to upcoming hazards or congestion, early warning devices help mitigate traffic
disruptions and improve traffic flow. This contributes to smoother and more efficient
transportation networks, reducing travel times and congestion-related delays for all road
users. Early warning devices play a crucial role in facilitating emergency response efforts by
alerting drivers to accidents, breakdowns, or other emergencies on the road.

METHODOLOGY

Research design

The researchers employed a developmental method of research to create an automotive
sensorized early warning device. This approach involved combining and compacting various
ideas and innovations into a single device to enhance the safety and precautionary measures
for motorists. The research comprised controlled experiments to test the sensitivity of the
device by varying the distances between the test vehicle and incoming vehicles, visibility
testing under different lighting conditions to measure the device's performance during the day
and at night, and sound clarity and effectiveness testing to evaluate how well the alarm could
be heard at various distances. Additionally, an acceptability assessment was conducted with
30 evaluators using an evaluation sheet to gather feedback on the design aesthetics, materials
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used, perceived safety, and overall performance of the device. This thorough methodology
ensured that the device was rigorously tested and refined for optimal functionality.

Locale of the study and respondents

The study was conducted in various testing environments to simulate real-world conditions.
These environments included controlled settings for sensitivity testing, as well as real-world
scenarios for visibility and sound testing under different conditions such as daytime,
nighttime, and varying weather. The acceptability assessment involved 30 randomly selected
evaluators to ensure a diverse sample. The selection process adhered to safety regulations and
ethical standards, involving participants from different backgrounds to capture a wide range
of perspectives on the device's effectiveness and usability.

Research instruments

The research utilized several instruments to measure the effectiveness of the developed
device. Sensors were employed to detect incoming vehicles and measure the device's
response time and accuracy. Decibel meters were used to assess the sound clarity and
effectiveness of the alarm. Luminance meters measured the visibility of the warning light
under different lighting conditions. Structured questionnaires were designed by the
researchers to gather detailed feedback from evaluators regarding the device's design,
composition, safety, and operating performance. Additional tools and equipment used in the
study included screwdrivers, iron soldering tools, electronic drills, LED lights, a flasher with
a buzzer, and a PIR sensor, all essential for the construction and testing of the device.

Data analyses procedure

Data analysis for the study involved multiple parameters to ensure a comprehensive
evaluation of the device's performance. Sensitivity testing was conducted through controlled
experiments to measure the device's response time and accuracy in detecting incoming
vehicles at various distances. Visibility testing under different lighting conditions involved
measuring the brightness and clarity of the warning light using luminance meters. Sound
clarity and effectiveness were assessed by placing decibel meters at different distances from
the device and conducting subjective evaluations to gauge the perceived effectiveness of the
alarm. The acceptability of the device was determined by analyzing feedback from 30
evaluators using a Five-Point Likert Scale, with scores ranging from "Very Acceptable” to
"Not Acceptable.” Binary numbers (1 and 0) were used to score the sensitivity, visibility, and
audibility parameters. Statistical tools, such as the Mean, were employed to determine the
measurements for multiple trials and to analyze the acceptability results of the device. This
rigorous data analysis procedure ensured that the device met its intended purpose and
provided accurate and reliable performance under various conditions.

FINDINGS AND DISCUSSION

Sensitivity of developed automotivesensor-driven early warning devicein terms of detecting
incoming vehicles at varying distances

The data shows that in three different conditions and set distances, the device was functioning
and showing the mean of “1” which means the sensor was effective in detecting the moving
vehicle that passed by alerting the user for their safety while repairing their vehicle. This
result means that the sensor within the device effectively detected passing vehicles at that
distance during the three (3) trials without a problem. The term "sensitive™ here implies that
the sensor was able to accurately detect the presence of passing vehicles and trigger the
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warning system, which includes both a blinker and an alarm. The fact that the sensitivity was
observed consistently across three trials suggests that the effectiveness of the warning device
was not just a one-time occurrence but rather a reliable feature. This indicates that the device
could be effective in providing warnings to drivers or pedestrians about approaching vehicles
within a 10-meter range under the conditions tested. Overall, this result was promising as it
demonstrates that the warning device has a sufficient detection range to provide timely alerts
to users, enhancing safety by notifying them of approaching vehicles well in advance.

According to Yun and Lee (2014) using Pyroelectric infrared (PIR) sensors are widely
used as a presence trigger. They developed data that can monitor people in different locations
and their speed doesn’t affect the detection. Their findings used in the development of this
study become the baseline to use the sensor in moving or passing vehicles since they found
out that PIR shows the raw data set captured from a single PIR sensor of each of modules
could achieve more than 92% accuracy in classifying the direction and speed of movement,
the distance interval and identifying subjects. This can also alert the users for safety and a
given task was normally a warning device for both users and motorists passing by with a
maximum of nine (10) meters radius. Moreover, when in times of rainy weather rain doesn’t
affect the ability of the sensor to detect moving objects and very effective and it was designed
to be waterproof so that it can be used anywhere.

Visibility of developed automotive sensor-driven early warning device during day and night
at varying distances

The data show that under three conditions such as day and night, the device was still visible
and according to the data gathered, the blink was visible at a distance of up to 30 meters
which can easily be seen by motorists when the user perform the troubleshooting in their
vehicle. The blinker was deemed to be easily seen by the motorist rather than the normal
warning device reflector and the device also performs much better during nighttime since
reflectorized warning devices cannot be easily seen because of obstruction of rain and fog in
their windshield. Since the blinker is operated by a rechargeable battery, if ever it discharges,
the user can charge it easily using their vehicle or customized charging station. Furthermore,
as the developed warning device's blinker was consistently visible up to a 30-meter distance
in three trials, it indicates that the visual warning signal emitted by the device was sufficiently
bright or conspicuous to be seen from that distance. This suggests that the warning system,
specifically the blinker component, was effective in alerting nearby individuals or drivers
about the presence of the device.

Moreover, the visibility was consistent across three trials reinforcing the reliability of
the blinker's effectiveness in providing a visual warning signal. It implies that under the
conditions tested, the blinker was reliably visible at distances of up to 30 meters, providing
ample warning to nearby individuals or drivers. Overall, this result is positive as it
demonstrates that the warning device's visual signal can effectively convey its presence to
individuals in the vicinity, enhancing safety by alerting them to potential hazards or the
presence of the device itself.

Sound audibility of developed automotive sensor-driven early warning device at varying
distances

According to the data gathered while observing in different places, each condition includes
multiple trials, and the finding indicates whether the device was audible (marked as "1") or
not audible (marked as "0") in each trial. Three different locations have been selected for a
tested scenario such as heavy flow of vehicles, moderate flow of vehicle, and normal flow of
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vehicles, the device alarm was audible in a minimum of 3 meters to a maximum of 10 meters
radius.

However, in a city with populated traffic, the warning device was audible at all
distances tested (3 meters, 6 meters, and 10 meters). Similarly, in an urban area with normal
traffic, the device was consistently audible across all distances. Even in a rural area with little
traffic, where ambient noise levels might be lower, the device remained audible at all tested
distances. Overall, these results suggest that the developed warning device with both blinker
and alarm systems effectively maintains audibility across different environmental conditions
and distances, making it a reliable safety feature for various settings. However, if the sound
alarm was too loud it also affected the other motorists passing by so the researchers decided
to retain the sound of the alarm so that it would not hamper the operation of another vehicle
passing by.

Having a good sound or audible alarm at a far distance means that the alarm system
was effective in alerting individuals or pedestrians even when they were located at a
significant distance from the source of the alarm. This implies that a good audible alarm
ensures that people can be warned of potential hazards or emergencies even if they are not
close to the danger. This enhances overall safety by providing timely warnings. Moreover, an
alarm system in the device that can be heard from far away provides early warning, allowing
individuals to react and take appropriate action well in advance of the danger. This can be
crucial in situations where quick evacuation or response is necessary. Accessibility was
improved when alarms were audible over long distances.

People with hearing impairments or those working in noisy environments may still be
able to perceive the alarm, increasing inclusivity and ensuring that everyone can respond to
alerts. A good sound that carries over long distances indicates that the alarm system is
effective even in challenging environments with background noise or obstacles that might
obstruct sound transmission. By being audible over long distances, the alarm reduces
response time, as individuals can quickly identify the location of the alarm and take
appropriate action without delay. In summary, having a good sound or audible alarm at far
distances is crucial for ensuring effective warning systems, enhancing safety, and facilitating
prompt responses to emergencies or hazardous situations.

General acceptability of the developed automotive sensor-driven early warning device in
terms of design, composition, safety and operating performance

The data further shows that in terms of design, it got a Mean score of 4.96 which means that
the design of the warning device was rated very acceptable. Respondents highly approve of
the design aspects of the warning device, indicating that it effectively addresses
considerations such as aesthetics, usability, and integration of features. A well-designed
device enhances safety, usability, and user satisfaction. In terms of composition, it got a
Mean score of 4.95 which means that the warning device was rated very acceptable. The
composition aspects include materials, parts, and components used in the construction of the
device. Respondents view the composition positively, indicating that it addresses
considerations such as durability, serviceability, and flexibility, contributing to the device's
overall effectiveness.

In terms of operating performance, it got a Mean score of 4.99 which means that the
warning device was rated very acceptable. Operating performance encompasses aspects such
as power source, ease of operation, visibility, rechargeability, and warning functionality.
Respondents highly approve of the device's performance during operation, indicating
reliability, usability, visibility, and effective warning capabilities.
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In terms of safety, the Mean score was 4.97 which means that the warning devices were
rated very acceptable. The safety aspects include protective covering, functional
compartments, ease of operation with safety features, safeguarding during maintenance, and
conformity to safety practices. Respondents highly approve of the safety features, indicating
that the device effectively addresses considerations related to user safety and compliance with
safety standards.

The Grand Mean has a mean score of 4.97 which was also verbally interpreted as Very
Acceptable. The overall mean score reflects the high level of acceptability of the warning
device across all aspects evaluated: design, composition, operating performance, and safety.
This indicates strong confidence and approval from respondents regarding the device's
overall effectiveness, usability, reliability, and safety. In summary, the data demonstrates that
respondents highly approve of the development of the warning device across all evaluated
aspects. The device is deemed very acceptable in terms of design, composition, operating
performance, and safety. This suggests that the device effectively meets expectations and
requirements in various key areas, contributing to its overall high acceptability and
effectiveness in promoting safety and usability.

This conforms to the result of the study of Christopoulos and Wright (2013). Even there
are typically no internal serviceable parts and breaking the factory seal generally results in
jeopardizing the manufacturer’s warranty. Because of issues inherent to the product design,
historically the maintenance of electronic circuits by the end user has been limited to
mechanical mounting, electrical wiring, and manual operation of the mechanism and is
acceptable to the consumer.

Acceptability of developed automotive sensor-driven early warning device in terms of design

The findings showed that the overall acceptability of the device was “very acceptable” in
terms of design with a mean score of 4.96. The mean ranges from 4.93 to 5.00. Of the five (5)
statements, statement five (5) got the highest mean score of 5.0 which is interpreted as very
acceptable “It requires safety features when trouble or undergoing repair of a vehicle occurs
on the road.” This statement received the highest possible score, indicating unanimous
agreement among respondents regarding the importance of safety features in the design.

It suggests that respondents view safety as a paramount consideration and strongly
endorse the inclusion of safety features in the device's design, followed by statements one (1)
and four (4) with a mean score of 4.97 which means “very acceptable” on “It is anchored to
the need for safety precautions when automobiles are on maintenance or undergoing repair.”
This statement indicates that the design of the warning device was closely aligned with the
safety needs associated with vehicle maintenance and repair. Respondents rated this aspect
very high, indicating strong approval of the device's focus on safety and statement #4 which
was the “Parts and components contribute to the whole operation of the warning alarm
system” which respondents highly approve of the design integration of various parts and
components, indicating that they perceive these elements as effectively contributing to the
overall operation of the warning alarm system.

This suggests that the design is perceived as cohesive and well-integrated. Statement
two (2) and three (3) got a score of 4.93, which means “very acceptable” on “This resembles
the concept of a typical/manual automotive warning device.” Respondents find the design of
the warning device to be highly acceptable, as it aligns well with the concept of traditional
automotive warning devices. This suggests that the device's design was familiar and intuitive
to users. and “The electronic parts operate automatically when other vehicles are
approaching” This statement highlights the automation feature of the warning device, which
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respondents view very favorably. The automatic operation of electronic parts in response to
approaching vehicles is seen as a desirable and effective design element.

Moreover, this well-designed warning device offers several advantages such as it
ensures that the warning device effectively communicates potential hazards or emergencies,
thereby enhancing safety for both users and those around them. Clear signals and intuitive
operation reduce the risk of accidents or misunderstandings. It also improved user experience
and the design was user-friendly, making it easier for individuals to understand and operate.
This results in a more positive user experience, reducing frustration and increasing
compliance with safety protocols. It also increased effectiveness and is more likely to be
noticed and heeded by individuals in its vicinity. This leads to quicker responses to potential
dangers, minimizing the risk of accidents or injuries.

The device was also versatile and can be adapted to different environments and
situations. Whether it's used in urban areas with heavy traffic or rural settings with fewer
vehicles, a versatile design ensures that the device remains effective across various contexts.
The product was also reliable and ensured that the warning device was robust and reliable,
able to withstand environmental factors such as weather conditions or mechanical stress. This
reliability is crucial in emergencies where the device must perform consistently. While
investing in good design may require initial resources, it often results in long-term cost
savings.

A well-designed warning device was less likely to require frequent maintenance or
replacement, reducing overall operational costs. It also complies with the standards that meet
regulatory requirements and industry standards. Compliance with these standards not only
ensures legal obligations are met but also instills confidence in users regarding the device's
quality and effectiveness. The device can set itself apart from competitors through innovative
features or aesthetics. This differentiation can lead to a competitive advantage in the market
and increased adoption by users.

Finally, the warning device extends beyond mere aesthetics. Such a design enhances
safety, improves user experience, increases effectiveness, offers versatility and reliability,
saves costs, ensures compliance with standards, and fosters innovation, ultimately
contributing to better outcomes in terms of accident prevention and risk management.

Acceptability of developed automotivesensor-driven early warning devicein terms of
composition

The results presentthe acceptability of the developed of automotive sensor-driven early
warning device in terms of its composition, focusing on the materials, parts, and components
used in its construction. Each statement represents a specific aspect of the composition of the
warning device, and respondents provided ratings for each statement.

Data showed that the overall acceptability of the device was “very acceptable” in terms
of composition with a mean score of 4.95. The mean ranges from 4.93 to 5.00. Out of the five
(5) statements, statement three (3) got the highest mean score of 5.00 which is interpreted as
very acceptable on “The device is flexible to any type of vehicle upon maintenance or
undergoing repair while on the road.”

This statement received the highest possible score, suggesting unanimous agreement
among respondents regarding the device's flexibility to accommodate various types of
vehicles during maintenance or repair on the road. Flexibility was a desirable quality, as it
ensured the device's applicability across different vehicle types and situations. followed by
statement one (1) with a mean score of 4.90 which means “very acceptable” on “The
materials are available locally.” Which respondents highly approve of the use of locally
available materials in the composition of the warning device.
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This indicates that the device's design takes into account accessibility to materials,
potentially reducing production costs and logistical challenges. Statements two (2) and four
(4) got a score of 4.97, which means “very acceptable” on “The parts of the product are
serviceable” in which the high mean score indicates strong agreement among respondents
regarding the serviceability of the warning device's parts. Serviceability ensures that
components can be easily maintained, repaired, or replaced as needed, contributing to the
device's longevity and reliability and “The parts and components are well-connected and
attached for better operation while undergoing maintenance on the road” in which
respondents highly rate the connectivity and attachment of parts and components in the
warning device. Well-connected components contribute to the device's overall functionality
and reliability, especially during maintenance or repair activities conducted on the road.
Statement five (5) got the lowest mean score of 4.93 which means “very acceptable” on
“Battery-operated LED light with sensor and translucent triangular body parts automatically
operates when another vehicle is approaching.”

This statement highlights specific features of the warning device, including battery
operation, LED lights, sensor technology, and translucent triangular body parts. Respondents
view these features favorably, indicating that they contribute to the device's overall
acceptability and effectiveness.

Acceptability of the developed automotive sensor-driven early warning device in terms of
safety

The data shows that the overall acceptability of the device was “very acceptable” in terms of
safety with a mean score of 4.97. The mean ranges from 4.97 to 5.00. Of the five (5)
statements, statements three (3) and four (4) got the highest mean score of 5.00 which is
interpreted as “very acceptable” on “The device can easily be operated with a safety features
manual.” The ease of operation with a safety features manual receives the highest possible
rating of very acceptable. This perfect score suggests that respondents unanimously agree on
the importance of an easy-to-operate warning device, especially with the assistance of a
safety features manual.

This feature ensures quick and effective utilization of the device, promoting safety and
minimizing the risk of accidents. Likewise, “The product can be used for safeguarding while
doing maintenance or repair of vehicles on the road.” This entails that the ability of the
product to safeguard individuals during maintenance or repair activities on the road receives a
very acceptable rating. This perfect score also indicates strong approval of the device's safety
function, particularly its ability to protect users during potentially hazardous maintenance or
repair tasks conducted on the road.

Statement #1 with the mean score of 4.90 which means “very acceptable”. This device
is covered with fiber-acrylic plastic with epoxy primer painted wooden utility box or storage
compartment for any weather condition upon operation.” Respondents find the use of fiber-
acrylic plastic with epoxy primer painted wooden utility box or storage compartment for
weather protection to be very acceptable. The high rating indicates strong approval of the
protective covering, suggesting that respondents recognize its importance in ensuring the
device's durability and resilience in different weather conditions. Statements two (2) and five
(5) got the lowest mean score of 4.97, which means “very acceptable” on “It has a functional
storage compartment area for safekeeping” and the presence of a functional storage
compartment area for safekeeping receives a rating of very acceptable. The high mean score
indicates unanimous agreement among respondents regarding the utility and importance of
the storage compartment. This feature enhances organizational efficiency and reduces safety
hazards by providing a designated space for essential items.
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Likewise, Statement 5 conforms to occupational safety and health practices of
automotive servicing and driving and is rated very acceptable. The high mean score indicates
that respondents view conformity to safety practices favorably, recognizing the importance of
meeting established safety standards and regulations in ensuring the device's effectiveness
and reliability.

Acceptability of the developed automotive sensor-driven early warning device in terms of
operating performance

The findings present the acceptability of the developed automotive sensor-driven early
warning device in terms of its operating performance. The dataset summarizes respondents'
ratings for various statements related to the performance of the warning device during
operation. In Statement 2 the ease of operation and convenience, Statement 3 the visibility
and attractiveness to drivers and Statement 4 the rechargeable in one hour for continuous use
got the highest possible mean score of 5.00.

Furthermore, the ease of operation and convenience of the warning device receives the
highest possible rating of very acceptable. This perfect score indicates unanimous agreement
among respondents regarding the ease of operation and convenience of the device. A user-
friendly design and straightforward operation enhance usability and user satisfaction,
promoting effective use of the device. The visibility and attractiveness of the warning device
to drivers are rated very acceptable.

This perfect score suggests that respondents highly value the device's visibility and
attractiveness, indicating that it effectively catches the attention of drivers and encourages
compliance with safety warnings. An attractive design can also enhance the device's visibility
in various environmental conditions. The ability of the device to recharge in one hour for
continuous use is rated very acceptable. This perfect score indicates strong approval of the
device's quick recharge capability, allowing for uninterrupted operation. Rapid recharging
ensures minimal downtime, enhancing the device's reliability and usability in emergencies.

Statement 1, which was equipped with a 12v DC Battery has a mean score of 4.97
which was also verbally interpreted as “Very Acceptable” The inclusion of a 12v DC battery
for operating the device is rated very acceptable. The high mean score suggests strong
approval of the choice of power source for the device. A 12v DC battery is commonly
available and provides sufficient power for the device's operation, ensuring reliability and
convenience for users. Lastly, Statement 5 in which the device can alarm before the vehicle
passes also got a Mean score of 4.97 this means that the device's ability to alarm to warn the
owner/mechanic before the vehicle passes was rated very acceptable. The high mean score
suggests that respondents view the device's warning function favorably. Providing warning
alerts users to potential hazards or approaching vehicles, allowing them to take timely action
to prevent accidents or injuries.

The grand mean score of 4.99 verbally interpreted as Very Acceptable reflects the high
level of acceptability of the warning device's operating performance across all statements.
This suggests that respondents overwhelmingly perceive the device's performance positively,
indicating strong confidence in its reliability, usability, visibility, rechargeability, and
warning capabilities. In summary, the operating performance of the warning device, with all
statements receiving a very high mean. This indicates that the device effectively meets
performance expectations in terms of power source, ease of operation, visibility,
rechargeability, and warning functionality, contributing to its overall high acceptability and
effectiveness during operation.

CONCLUSIONS AND RECOMMENDATION
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Based on the findings from the development of the automotive sensor-driven early warning
device, several conclusions were drawn. The controlled experiments conducted at varying
distances provided valuable insights into the device's sensitivity. It was observed that the
device effectively detected incoming vehicles from different distances and angles, indicating
its capability to alert users to potential road hazards accurately. Additionally, the evaluation
of the warning light's visibility under various lighting conditions and distances demonstrated
its effectiveness. The warning light remained visible even in low-light or adverse weather
conditions, ensuring that nearby drivers could easily detect the presence of the vehicle and
take appropriate actions.

Furthermore, the assessment of the alarm sound at different distances revealed its
clarity and effectiveness. The alarm sound was found to be loud, clear, and distinguishable
from background noise, effectively warning nearby individuals of potential hazards and
prompting them to respond accordingly. The acceptability assessment, which covered various
aspects such as design, composition, safety, and operating performance, also yielded positive
results. The positive ratings and feedback from respondents indicated that the device met user
expectations and requirements in these areas. Users found the device to be well-designed,
composed of quality materials, safe to use, and highly effective in its operating performance.
These conclusions underscore the device's potential as a reliable and user-friendly early
warning system for automotive safety.

Based on the conclusions and findings of the study on the development of automotive
sensor-driven early warning devices, several recommendations have been drawn. The
developed device is primarily designed to help car owners secure a warning system equipped
with a distance sensor to alert both the motorist and nearby individuals. It is also
recommended for automotive students, mechanics, technicians, trainees, hobbyists, and
enthusiasts. By engaging with this technology, these groups can enhance their understanding
and potentially contribute to the advancement of the device, creating opportunities for
collaboration with the automotive industry.

Further research and development should focus on optimizing the device into IoT
versions that integrate with smartphone applications, improving its sensitivity, visibility, and
sound audibility. This includes refining its design, composition, operating performance, and
safety to better meet the diverse needs and preferences of automotive technicians.
Educational institutions and the automotive industry should incorporate information about
these devices into their curricula and workshops. Raising awareness about the benefits of
these devices can facilitate patent applications and commercialization, fostering greater
adoption of sustainable automotive practices among both emerging and established
automotive technicians and instructors.
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