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    ABSTRACT: This study aims to design and evaluate an Automatic Safety Emergency Barricade (ASEB) system to prevent the spread of hazardous chemical spills and improve industrial workplace safety. The research employed an experimental engineering approach through prototype development integrating a microcontroller, water level sensor, linear motor actuator, and manual pushbutton control. Data were collected through controlled laboratory testing involving sensor resistance measurements at liquid levels of 0–5 cm, 10 system accuracy trials, and barrier response-time observations. The results show that the sensor exhibited a consistent inverse relationship between liquid height and resistance value, while the system achieved 100% detection accuracy. The barricade required approximately 40 seconds to close and 36 seconds to open, indicating effective automated emergency response performance for industrial safety management.

    

    Keywords: Automatic Safety Emergency Barricade (ASEB), Design,  Prototype

    Submitted: 20-05-2026; Revised: 22-06-026; Accepted: 25-07-2026

    

    *Corresponding Author: Jenni Ria Rajagukgukaritrajenniria77@gmail.com

    DOI: https://doi.org/10.55927/ijaea.v5i2.16615

    https://journal.formosapublisher.org/index.php/ijaea

    









INTRODUCTION 


The
development of the modern chemical industry cannot be separated from the use of
various hazardous chemicals such as ethanol, formalin, toluene, sulfuric acid,
and carbon monoxide, which are flammable and have the potential to cause
environmental pollution. In practice, these chemicals are widely used in
textile production processes, particularly as reinforcing agents and dyes,
resulting in high usage intensity in the manufacturing sector. According to Anik et al.
(2024),
the increasing global use of industrial chemicals has contributed to a higher
risk of occupational accidents and environmental contamination due to failures
in storage and distribution systems. This condition indicates that improper
chemical management can lead to serious impacts on worker health and
environmental sustainability


One of the
main problems in the chemical industry is the occurrence of chemical spills
caused by leakage or overflow in storage systems. These spills are often
difficult to control quickly due to the limitations of human response in
emergency situations. Gai &
Deng (2022)
state that most industrial accidents are caused by delays in detecting and
responding to abnormal conditions, including hazardous liquid leaks.
Furthermore, reports from the International Labour Organization confirm that
accidents caused by chemical exposure remain one of the leading causes of
occupational injuries in heavy industries (Malta et
al., 2024).
Therefore, a system capable of responding automatically and rapidly to such
hazards is urgently needed.


Along with
technological advancements, automation systems have become a strategic solution
to improve efficiency and occupational safety in industrial environments.
Automation enables processes to be carried out more precisely, quickly, and
with minimal human error, especially in high-risk conditions. According to Dodoo &
Al-Samarraie (2023), the integration of sensors and actuators in industrial
automation systems can increase response speed to abnormal events by up to 60%
compared to manual systems. In addition, microcontroller-based systems
integrated with the Internet of Things are increasingly being implemented to
enhance real-time monitoring and control (Boubakr et
al., 2022).
This indicates that automation technology has become an essential requirement
in modern industry.


However,
several previous studies on liquid barrier systems still exhibit limitations in
terms of effectiveness and technological integration. Husaini et
al. (2024)
found that flood barrier systems still rely on manual installation and lack
automatic sensing capabilities. Cană et
al. (2025)
developed a mechanically operated spill barrier that functions without
electricity, but it lacks precise control over liquid conditions. Meanwhile, Proud et al.
(2025)
proposed a pneumatic-based containment barrier. However, the system still
requires additional resources such as compressors. These limitations highlight
a research gap in the development of electronically integrated and fully
automated barricade systems.


Based on this
gap, there is a need for an innovative system that integrates sensor
technology, microcontrollers, and actuators into a responsive and efficient
unit. Such a system is expected to detect the presence of liquids in real-time
and automatically activate a barrier mechanism without human intervention. This
study proposes the development of an Automatic Safety Emergency Barricade
(ASEB) as a technology-based solution to enhance industrial safety systems. The
use of a water level sensor integrated with an Arduino microcontroller and a
linear motor is expected to provide rapid response to potential chemical
spills.


The objective
of this study is to design and evaluate the performance of the Automatic Safety
Emergency Barricade system in detecting the presence of liquids and activating
an automatic area closure mechanism. In addition, this study aims to analyze
the relationship between liquid height and sensor resistance values, as well as
to evaluate system accuracy and response time under emergency conditions.
Therefore, this research not only focuses on system development but also on
quantitative performance analysis. The results are expected to provide a clear
understanding of the effectiveness of the proposed system.


The
contribution of this research is both theoretical and practical. Theoretically,
it contributes to the development of integrated sensor-actuator systems in the
context of automation-based industrial safety. Practically, it offers an
applicable solution to reduce environmental pollution risks and occupational
accidents caused by chemical spills. Furthermore, the developed system has the
potential to be widely implemented across various industrial sectors that
utilize hazardous chemicals. Thus, this study is expected to support the
advancement of more modern, efficient, and sustainable industrial safety
technologies. 


 


THEORETICAL
REVIEW


Industrial
Chemical Hazards and Occupational Safety


The
rapid expansion of industrial manufacturing activities has significantly
increased the use of hazardous chemicals such as ethanol, sulfuric acid,
formalin, toluene, and carbon monoxide in production processes. These
substances pose serious risks to environmental sustainability and occupational
health due to their flammable, corrosive, and toxic characteristics. Industrial
chemical spills are frequently associated with workplace accidents,
environmental contamination, and long-term health disorders among workers
exposed to hazardous materials. According to Miring’u (2025),
improper storage systems and inadequate emergency handling mechanisms remain major
causes of chemical-related industrial accidents in developing countries.
Similarly, Jason
& John (2024) emphasized that hazardous liquid leakage can rapidly spread
contamination in industrial areas if early mitigation systems are not
available. In Indonesia, research conducted by Benson
et al. (2024) revealed that weak implementation of
industrial safety procedures contributes significantly to chemical exposure
incidents in manufacturing sectors. These findings indicate the importance of
strengthening automated industrial safety systems to minimize risks associated
with hazardous chemical spills.


Occupational
safety management is closely related to the implementation of preventive
technologies capable of reducing human error in emergency situations.
Industrial environments involving hazardous substances require rapid-response
systems that can operate continuously and accurately. According to Murugan
et al. (2025), delayed responses during chemical spill
incidents often worsen environmental damage and increase worker injury rates.
Furthermore, Park
& Kang (2024) explained that industries in Southeast Asia
still experience limitations in integrating smart safety systems due to
technological and operational constraints. Therefore, the development of
automated safety technologies has become increasingly relevant in supporting
sustainable industrial operations and protecting worker safety.


 


Automation
Systems in Industrial Safety Management


The
development of industrial automation technology has transformed modern safety
management practices by enabling faster, more accurate, and more efficient
operational control systems. Automation systems integrate sensors, actuators,
and microcontrollers to detect abnormal conditions and execute emergency
responses automatically without direct human intervention. According to Sharma (2024),
automation technologies significantly improve industrial safety performance
because they reduce dependency on manual monitoring and minimize operational
delays during hazardous situations. Likewise, Bajwa (2025)
stated that automated detection systems are capable of improving emergency
response efficiency by continuously monitoring environmental conditions in real
time.


Microcontroller-based
systems have become widely implemented in industrial safety applications due to
their flexibility, low operational cost, and high processing capability.
Research conducted by Asif
et al. (2025) demonstrated that Arduino-based automation
systems can effectively manage industrial safety operations through real-time
sensor integration and actuator control. In addition, Setya
et al. (2024) explained that microcontroller technology
has increasingly been adopted in Indonesian industries for monitoring hazardous
environments because of its adaptability and scalability. These developments
indicate that automation technologies provide substantial opportunities for
improving industrial safety systems, particularly in environments involving
chemical hazards and spill risks.


The
integration of automation systems with emergency barricade mechanisms has also
gained attention in recent years. According to Zarei-Jelyani
et al. (2023), automated barricade systems are highly
effective in limiting the spread of hazardous materials during emergency
incidents. However, many existing systems still rely on semi-manual operations
or require external mechanical support. Research by Ekanem (2025) found
that several industrial containment systems in Indonesia still lack responsive
automation features capable of operating immediately after hazardous liquid
detection. Therefore, the integration of sensors, microcontrollers, and linear
actuators into a single automated barricade system represents an important
innovation in industrial safety engineering.


 


Water
Level Sensors and Conductivity-Based Detection Technology


Water
level sensors are widely used in industrial automation systems to detect liquid
presence, monitor fluid height, and support emergency response mechanisms.
Conductivity-based sensors operate by measuring changes in electrical
resistance caused by liquid contact with sensor electrodes. According to Yu
et al. (2022), conductivity sensors are highly effective
for industrial fluid monitoring because they provide rapid response and stable
measurement accuracy under controlled conditions. Similarly, Hosseinzadeh
et al. (2025) explained that resistance-based
liquid sensors are suitable for hazardous spill detection systems because of
their sensitivity to fluid level variations and ease of integration with
microcontroller platforms.


The
relationship between liquid level and resistance value is an important
principle in conductivity-based sensing technology. Higher liquid levels
increase conductive pathways, thereby reducing resistance values detected by
the sensor. Research conducted by Shenoy
& Krishnan Venkata (2025) confirmed that conductivity
sensors exhibit strong inverse correlations between fluid height and electrical
resistance in industrial liquid monitoring applications. In Indonesia, Zohrabi
et al. (2026) reported that water level sensors
integrated with Arduino systems achieved stable performance in detecting liquid
changes within laboratory-scale automation systems. These findings support the
reliability of conductivity-based sensors in supporting automated emergency
barricade operations.


Despite
their advantages, sensor performance may be influenced by environmental
conditions such as humidity, temperature, contamination, and liquid
composition. According to Haque
(2024), sensor calibration and repeated testing are essential to
maintain system reliability in industrial environments. Furthermore, Damaševičius
et al. (2023) emphasized that industrial safety systems
require high sensor accuracy to prevent false detection and delayed emergency
responses. Therefore, continuous evaluation of sensor stability and
responsiveness is necessary to ensure optimal system performance in hazardous
industrial conditions.


 


Actuator
Integration and Emergency Barricade Systems


Actuators
play a crucial role in automation systems by converting electrical signals into
mechanical movement. In industrial safety systems, linear actuators are
commonly used to activate protective barriers and emergency containment
mechanisms. According to Igbinosa
& Adewuyi (2022), linear actuators provide
reliable movement control and are suitable for automated emergency systems
because of their operational precision and mechanical durability. Similarly,
Zhang et al. (2025) stated that actuator-based barricade systems
improve emergency response effectiveness by minimizing response delays during
hazardous incidents.


The
integration of sensors and actuators into a centralized control system enables
fully automated emergency operations. Research conducted by (Gomez et al.,
2024) demonstrated that sensor-actuator integration significantly enhances
response speed and operational reliability in industrial containment systems.
In Indonesia, Mojumder
& Ruddro (2023) found that automated actuator systems
reduced human intervention during emergency operations in manufacturing
facilities. These findings indicate that integrated automation systems are
increasingly important for supporting industrial safety management and reducing
workplace risks.


However,
several previous studies have highlighted limitations in existing emergency
barricade technologies. According to Tiwari
et al. (2025), many containment systems still depend on
manual activation, which reduces operational efficiency during emergencies.
Meanwhile, Dang (2025)
explained that industrial spill barriers in several local industries lack
adaptive monitoring systems capable of responding dynamically to hazardous
liquid conditions. Consequently, the development of the Automatic Safety
Emergency Barricade (ASEB) system represents an innovative approach that
integrates liquid detection technology, microcontroller processing, and
automated barricade mechanisms into a single responsive industrial safety
solution.


 


METHODOLOGY  


Types and Approaches to Research  


This study
uses a quantitative approach with engineering experimental design which aims to
design, develop, and test the performance of the Automatic Safety Emergency
Barricade (ASEB) system (Mulyani et
al., 2025).
The quantitative approach was chosen because this study focuses on the
measurement of numerical variables such as sensor resistance values, detection
accuracy, and system response time. According to Shaker et al.
(2022),
the experimental approach is very appropriately used in technology research to
test the cause-and-effect relationship between the input and output variables
of the system. The design of this research is prototyping, which is the
development of the tool followed by a series of performance tests to evaluate
the effectiveness of the designed system.


 


Population and
Sampling Techniques 


The
population in this study is not in the form of human respondents, but in the
form of a prototype Automatic Safety Emergency Barricade system developed. The
sampling technique used is non-probability sampling with the purposive sampling
method, which is the selection of test objects based on research objectives.
The sample in this study is in the form of system testing conditions which
include variations in liquid height (0–5 cm) and testing the presence and
absence of liquids as many as 10 experiments. The selection of these samples
was based on the need to test the sensitivity of the sensor and the reliability
of the system under conditions that represent real situations in an industrial
environment (Leite et
al., 2024).


 


Data Collection
Techniques and Instruments 


The data
collection technique was carried out through direct experimental observation
and measurement of electronic instruments. The main instruments used include a
water level sensor to detect liquids, a digital multimeter to measure
resistance values, and a stopwatch to measure the system's response time. In
addition, the system is controlled using an Arduino microcontroller integrated
with a motor driver and a linear actuator as a barricade drive. Instrument
validity testing is performed through calibration of the measuring instrument
prior to the experiment, while the reliability of the data is tested through
repeated experiments to ensure the consistency of results (Ganesha
& Aithal, 2022).


 


System Planning
Procedure 


The research
procedure is carried out in stages starting from the system design stage to
performance testing. The first stage is the mechanical and electronic design of
the system, which includes the creation of a barricade structure with a size of
100 cm × 50 cm as a small-scale prototype. This mechanical design serves to
ensure that liquids can be optimally retained without leakage. Visualization of
the mechanical design is shown in Figure 1. Mechanical Design. 





 
  	
 

 
  	
  	
 






Figure
1. Mechanical Design


 


Furthermore,
an electronic circuit consisting of Arduino as the control center, the driver
motor as the actuator regulator, and the water level sensor as the system input
was designed, as shown in Figure 2. Electronica Design.


 





Figure 2.
Electronica Design


 


 


Control System
Design  


The next
stage is the design of a block diagram-based control system that describes the
overall workflow of the system. In this system, the water level sensor serves
as a liquid detector that will send a signal to the microcontroller to activate
the linear motor. The linear motor will then move the barricade to cover the
area affected by the liquid. In addition, the system is also equipped with a
pushbutton as a manual control in an emergency. A block diagram of this system
is presented in Figure 3. Block Diagram. 


 





Figure 3. Block
Diagram


 


Next, the
system's workflow is described in the form of a flowchart that describes the
automation process from fluid detection to barricade activation, shown in
Figure 4. Flowchart





Figure 4. Flowchart


 


System Testing
Stages  


The system
test is carried out in three main stages, namely sensor characteristics
testing, detection accuracy testing, and response time testing. Sensor testing
is carried out by providing variations in liquid height from 0 to 5 cm to
measure changes in resistance values. Accuracy testing was carried out with 10
experiments to evaluate the system's ability to detect the presence and absence
of liquids. Meanwhile, response time testing is carried out by measuring the
time it takes for the system to close and open the barricade after receiving a
signal from a sensor or pushbutton. This approach is in accordance with the
sensor-based system performance evaluation method recommended in industrial
automation system research (Park et al.,
2018).


 


Data Analysis
Techniques 


            The data analysis
technique used is quantitative descriptive analysis to interpret the
measurement results obtained from the experiment. Resistance data was analyzed
to see the relationship between liquid height and sensor value, while accuracy
data was calculated using the percentage of system detection success. In
addition, the response time is analyzed using the average value (mean) to
determine the overall performance of the system. Data processing is carried out
using Microsoft Excel software for numerical calculations and data
visualization (Narayana et
al., 2023).
This analysis aims to ensure that the ASEB system performs according to the
expected function and has a high level of reliability under operational
conditions. 


 


RESULTS










Water
Level Sensor Resistance Test Results 


            The first test was conducted to determine the
relationship between liquid height and the resistance value of the water level
sensor. This test aimed to evaluate the sensor's characteristics in detecting
changes in liquid levels quantitatively. The variation of liquid height ranged
from 0 cm to 5 cm in the storage container. Resistance measurements were
obtained using a digital multimeter to ensure data accuracy.


 


Table 2. Water
Level Sensor Resistance Test Results





 
  
   	
   No

   
   	
   Water Height (cm)

   
   	
   Resistance Value (Ohm)

   
  

 
 
  	
  1

  
  	
  0

  
  	
  99.6

  
 

 
  	
  2

  
  	
  1

  
  	
  80.2

  
 

 
  	
  3

  
  	
  2

  
  	
  74.2

  
 

 
  	
  4

  
  	
  3

  
  	
  70.3

  
 

 
  	
  5

  
  	
  4

  
  	
  65.7

  
 

 
  	
  6

  
  	
  5

  
  	
  61.3

  
 







 


            Based on Table 2, it can be observed that as
the liquid height increases, the resistance value decreases. This indicates an
inverse relationship between liquid level and sensor resistance. In principle,
higher liquid levels increase conductivity, allowing more electric current to
flow and resulting in lower resistance. These findings confirm that the water
level sensor operates consistently and in accordance with the fundamental
characteristics of conductivity-based sensors.


 










Sensor
and System Accuracy Test Results 


            The second test was conducted to evaluate the
accuracy of the water level sensor in detecting the presence of liquid, as well
as the system's response to such conditions. The experiment was carried out in
10 trials under two conditions: presence of liquid and absence of liquid. The
observed parameters included the sensor response and the activation of the
linear motor as the barricade actuator.


 


Table 3. Water
Level Sensor Accuracy Test Results



 
  
   	
   No

   
   	
   Water Condition

   
   	
   Water Level Sensor

   
   	
   Linear Motor

   
  

 
 
  	
  1

  
  	
  Present

  
  	
  Active

  
  	
  Active

  
 

 
  	
  2

  
  	
  Present

  
  	
  Active

  
  	
  Active

  
 

 
  	
  3

  
  	
  Present

  
  	
  Active

  
  	
  Active

  
 

 
  	
  4

  
  	
  Present

  
  	
  Active

  
  	
  Active

  
 

 
  	
  5

  
  	
  Present

  
  	
  Active

  
  	
  Active

  
 

 
  	
  6

  
  	
  Present

  
  	
  Active

  
  	
  Active

  
 

 
  	
  7

  
  	
  Present

  
  	
  Active

  
  	
  Active

  
 

 
  	
  8

  
  	
  Absent

  
  	
  Inactive

  
  	
  Inactive

  
 

 
  	
  9

  
  	
  Absent

  
  	
  Inactive

  
  	
  Inactive

  
 

 
  	
  10

  
  	
  Absent

  
  	
  Inactive

  
  	
  Inactive

  
 




 


            Based on Table 3, all trials produced
consistent results, where the sensor successfully detected the presence of
liquid and activated the linear motor accordingly. Conversely, in the absence
of liquid, the sensor did not generate a signal and the motor remained
inactive. Therefore, the system achieved an accuracy level of 100% in detecting
liquid conditions. These results indicate that the ASEB system demonstrates
high reliability in supporting automated safety functions.


 










System
Response Time Test Results 


            The third test aimed to measure the system's
response time in closing and opening the barricade. This evaluation was
conducted to determine how quickly the system responds to emergency conditions,
both automatically via the sensor and manually through the pushbutton. The
measurements were carried out in six trials using a stopwatch.


 


Table 4. Barricade
Response Time Test Results



 
  
   	
   No

   
   	
   Closing Time (seconds)

   
   	
   Opening Time (seconds)

   
  

 
 
  	
  1

  
  	
  40.85

  
  	
  36.58

  
 

 
  	
  2

  
  	
  40.18

  
  	
  36.36

  
 

 
  	
  3

  
  	
  41.01

  
  	
  35.96

  
 

 
  	
  4

  
  	
  40.62

  
  	
  36.27

  
 

 
  	
  5

  
  	
  40.73

  
  	
  36.41

  
 

 
  	
  6

  
  	
  40.22

  
  	
  35.98

  
 

 
  	
  Average

  
  	
  40.60

  
  	
  36.26

  
 




            


Based on Table 4, the average time
required for the system to close the barricade is approximately 40 seconds,
while the opening process takes around 36
seconds. The difference in time is caused by the higher load experienced
by the motor during the closing process, as it must overcome liquid pressure
and mechanical resistance. This results in slower motor rotation compared to
the opening process. Nevertheless, the response time remains within an
acceptable range for emergency safety systems.


 










Performance
Analysis of the Automatic Safety Emergency Barricade (ASEB)


            Based on the overall test results, the
Automatic Safety Emergency Barricade (ASEB) system demonstrates optimal
performance in detecting liquid presence and responding to emergency
conditions. The water level sensor operates accurately with stable resistance
characteristics corresponding to changes in liquid levels. In addition, the
microcontroller-based control system effectively integrates sensor signals with
actuator responses, ensuring proper automation functionality. The system’s
ability to achieve 100% accuracy and relatively fast response times indicates
that ASEB is a reliable industrial safety system. It effectively minimizes the
risk of chemical spill spread and enhances emergency response capabilities.
Therefore, the findings of this study confirm that ASEB is an effective and
practical solution for supporting automation-based industrial safety
management.


 


DISCUSSION


The
results showed that the water level sensor had an inversely proportional
relationship between the liquid height and the resistance value. These findings
are in line with the basic theory of electrical conductivity in liquids, where
an increase in the volume of the liquid will increase the current conduction
path thereby lowering the resistance value (Chen
et al., 2023). According to research by Wang
et al. (2025), resistance-based sensors work on the principle of resistance
change due to variations in conductive media detected by electrodes. This is
reinforced by studies Zhang
et al., (2025) which states that conductivity-based liquid level sensors have
high sensitivity to changes in fluid volume, especially in the low to medium
range. Thus, the results of this study are in line with previous theories and
research, which show that the water level sensor used has valid and reliable
performance in detecting changes in liquid height.


In
addition, the test results show that the system has a 100% accuracy rate in
detecting the presence and absence of liquids. These results show that the
integration between the sensor, microcontroller, and actuator runs optimally
without any detection errors. These findings are in line with research by Habyarimana
& Adebiyi (2026) which states that microcontroller-based
automation systems are able to increase detection accuracy to above 95% in
industrial fluid monitoring systems. However, research by Borah
et al. (2024) indicates that in some specific environmental conditions, such as
high humidity or the presence of sensor contamination, the accuracy of the
system may be reduced. This difference suggests that although the results of
this study are excellent, there are possible external factors that have not
been thoroughly tested in this study.


In terms
of response time, the ASEB system shows an average time of about 40 seconds to
close and 36 seconds to open the barricade. These results show that the system
is able to respond to emergencies in a relatively short time. According to
research by Sharma
(2024), the response time in industrial safety systems is greatly
influenced by the mechanical load of the actuator as well as the efficiency of
the control system used. The findings in this study show that the closing time
is longer than the opening, which is caused by the presence of fluid pressure
and additional mechanical loads during the closing process. This states that
differences in motor workload can cause variations in response times in linear
actuation systems. 


When
compared to previous research, ASEB systems have major advantages in terms of
technology integration and full automation. Research by Giotopoulos
et al. (2024) It shows that the flood barrier system is still manual and
requires human intervention. Meanwhile, research by Kim
& Joo (2024) develop uncensored mechanical systems that are less responsive to
dynamic conditions. This research offers an update by integrating water level
sensors, Arduino microcontrollers, and linear motors in one automated system
that is able to respond in real-time. Thus, this research makes a significant
contribution in filling the research gap related to the development of
electronic-based and automated barricade systems.


However,
there are several factors that affect the results of this study, both
supportive and potentially limitations. The main supporting factors are the
stability of the sensor in detecting fluid changes as well as the reliability
of the microcontroller in processing the input signal. On the other hand, the
limitations of this study lie in the small scale of the prototype and has not
been tested in real industrial conditions with various environmental variables
such as temperature, pressure, and different types of chemical liquids.
According to research by Martinez and Lopez (2023), testing automation systems
in real-world environments is essential to ensure the reliability of the system
in the long run. Therefore, the results of this study still require further
validation on an industrial scale.


Overall,
this research makes a theoretical and practical contribution to the development
of automation-based industrial safety systems. Theoretically, this study
strengthens the concept of integration of sensors and actuators in automatic
detection and response systems to liquid hazards. In practical terms, ASEB
systems can be an innovative solution to minimize the risk of environmental
pollution and work accidents due to chemical spills. For further research, it
is recommended to develop a system on a larger scale, integrate Internet of
Things technology for remote monitoring, as well as test the system on
different types of chemical liquids with different characteristics. With
further development, this system has the potential to become a new standard in
modern industrial safety systems.             


 


 


CONCLUSIONS AND RECOMMENDATIONS


The Automatic Safety Emergency
Barricade (ASEB) system developed in this study has demonstrated effective
performance as an automated safety mechanism for mitigating chemical spill
risks in industrial environments. The system is capable of detecting liquid
presence accurately through a water level sensor that exhibits a consistent
inverse relationship between liquid height and resistance value. Furthermore,
the system achieved 100% accuracy in identifying the presence and absence of
liquid, indicating high reliability in detection performance. In terms of
operational response, the barricade system requires an average of approximately
40 seconds to close and 36 seconds to open, which reflects an adequate response
time for emergency conditions.


The integration of sensor
technology, microcontroller-based control, and linear motor actuation enables
the system to operate automatically and efficiently without direct human
intervention. This capability significantly contributes to reducing the risk of
environmental contamination and enhancing worker safety by preventing the
spread of hazardous chemicals. In addition, the presence of a manual pushbutton
provides an alternative control mechanism to ensure system functionality under
emergency conditions. Overall, the ASEB system offers a practical and
applicable solution for improving industrial safety management, particularly in
environments with high exposure to hazardous chemicals. Future research is
recommended to further develop the system by scaling the prototype to
industrial-level applications, integrating advanced monitoring technologies,
and enhancing system robustness under diverse environmental conditions.


 


FURTHER STUDY


            This study is limited to a
laboratory-scale prototype and controlled experimental conditions, which may
not fully represent actual industrial environments involving complex
operational variables. The ASEB system was tested only using limited liquid
conditions and has not yet been evaluated under different chemical
characteristics, environmental temperatures, humidity levels, pressure
conditions, or large-scale spill scenarios. In addition, the response
performance of the linear actuator may vary when applied to larger barricade
dimensions and heavier industrial loads. Therefore, further studies are
recommended to conduct real-scale industrial implementation testing, integrate
Internet of Things (IoT)-based remote monitoring systems, and develop more
adaptive sensors capable of detecting various hazardous chemical substances
with higher sensitivity and faster response times. Future research may also
focus on optimizing energy efficiency, actuator speed, and artificial
intelligence integration to improve predictive emergency response capabilities
in modern industrial safety systems.
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