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ABSTRACT: In The presented system is a smart control and monitoring system for filling bottles using PLC. The fast 
advancement in technology is making whole industrial procedures automated. By the automation in the system it 
becomes easy to fill various bottles within less time period as manual process is very much time consuming and can be 
inaccurate up to a level. But after the development of an automated system, the system becomes more accurate and 
takes lesser time for bottle filling. Filling of various type of liquid in bottles is done by mostly in companies such as 
water, food companies, paramedical, and chemical industries. 
 

Manual process for filling the bottles results in the wastage of the liquid products. Thu an automated bottle filling 
system is required for improving the speed of operation, cost of production and to system reliability. In this paper 
automation is introduced in the system by using a software ‘Sysdev and Pscope software. This project presents a 
comprehensive automated system designed for efficient and precise bottle filling operations. Leveraging advanced 
technologies, the system incorporates a conveyor belt mechanism for bottle transportation, a filling valve controlled by 
a programmable logic controller (PLC), and a sensor-based monitoring system. The PLC ensures accurate filling levels 
and initiates the bottle- to-bottle transfer process. 
 

The sensor network continuously monitors system parameters such as bottle presence, filling levels, and conveyor belt 
speed, providing real-time data for optimization and quality control. The system aims to enhance productivity, reduce 
human error, and ensure consistent product quality in various industries, including food and beverage, pharmaceuticals, 
and chemicals. 
 

This project focuses on designing and implementing an automatic bottle filling system using modern electronics and 
control mechanisms. It aims to fill bottles with a predefined quantity of liquid while continuously monitoring and 
managing the entire filling process. The system is built using a microcontroller (such as Arduino), sensors (like infrared 
or ultrasonic sensors), a pump, motors (to control a conveyor belt if used), and other supporting components. The 
process is fully automated—from detecting a bottle, to starting and stopping the liquid flow, to counting the number of 
filled bottles. 
 

I. INTRODUCTION 

 

Automatic filling methods are often prone to human error, inconsistencies, and inefficiencies. To address these 
challenges, automated bottle filling systems have emerged as a reliable and cost-effective solution. This project aims to 
develop an automated bottle filling and monitoring system that incorporates advanced technologies to streamline the 
bottle filling process. The system will utilize a conveyor belt system to transport bottles, a PLC controlled filling valve 
for precise filling, and a sensor network for real-time monitoring. By automating these critical tasks, the system will 
significantly improve production efficiency, reduce labor costs, and ensure consistent product quality. 
 

The bottle filling process, a fundamental component of many industries such as food and beverage, pharmaceuticals, 
and chemicals, has traditionally relied on manual labor. While manual methods can be effective in smaller-scale 
operations, they often suffer from limitations such as human error, inconsistencies, and low productivity. To address 
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these challenges and meet the increasing demands of modern manufacturing, automated bottle filling systems have 
emerged as a preferred solution. Automated bottle filling systems incorporate advanced technologies to streamline the 
entire process, from bottle transportation to filling and quality control. These systems typically consist of a conveyor 
belt mechanism for bottle movement, a filling valve controlled by a programmable logic controller (PLC), and a sensor 
network for real-time monitoring. By automating these critical tasks, these systems offer numerous benefits, including, 
Increased Efficiency. Automated systems can operate at higher speeds and with greater precision than manual methods, 
leading to significantly improved production efficiency. Improved Accuracy: PLC-controlled filling valves ensure 
consistent and accurate filling levels, reducing waste and minimizing product variations. Enhanced Quality Control: 
Sensor networks continuously monitor system parameters, such as filling levels, bottle presence, and conveyor belt 
speed, enabling real-time adjustments and ensuring product quality. Reduced Labor Costs: By automating repetitive 
tasks, automated systems can reduce the need for manual labor, leading to lower labor costs. Improved Consistency: 
Automated systems can maintain consistent filling rates and product quality over extended periods, reducing the risk of 
human error and ensuring product uniformity.  
 

II. RELATED WORK 

 

Conducting a literature survey on automatic gate control systems with number plate recognition (NPR) reveals a rich 
field of research and development, focusing on various aspects such as technological implementation, security 
enhancements, and efficiency improvements. Below are several detailed examinations of relevant literature in this area. 
 

1.  Need for Speed in Production 

     In today’s world, factories need to produce goods very fast to meet customer demand. Manual filling takes a lot of 
time and is slow. Workers can only fill a limited number of bottles in a day. But with an automatic filling system, the 
process becomes much faster. Machines can work continuously without getting tired. This helps increase the number of 
bottles filled in a short time. So, industries can save time and increase production.  
 

2. Reduce Human Effort and Fatigue 

Manual filling work is tiring and requires many people. Workers have to stand for long hours, fill bottles, and check for 
mistakes. This leads to tiredness and can affect health and work quality. With automation, most of the work is done by 
machines. This reduces the need for too many workers and avoids physical stress. Employees can focus on other tasks 
like supervision or quality check. This not only helps reduce labour cost but also gives better working conditions for the 
staff.  
 

3. Improve Accuracy in Filling 

   When bottles are filled by hand, the quantity can sometimes be too much or too little. This creates problems like 
customer complaints or wastage. But an automatic system can fill each bottle with the same amount every time. 
Sensors and timers help control the flow of liquid. This makes the system more accurate and reliable. It avoids 
overfilling or underfilling, which is very important in industries like food, medicine, and chemicals. Accuracy helps 
maintain trust and quality in the final product.  
 

4. Avoid Spillage and Wastage  
      Spilling liquid during manual filling is a common problem. It leads to product wastage and extra work for cleaning. 
Wasted product also means extra cost for the company. But with an automated system, the filling process is controlled 
properly. The pump or valve opens and closes at the right time. Sensors check if the bottle is in the right place before 
filling starts. This prevents the liquid from spilling on the floor. As a result, there is less wastage, clean work area, and 
more savings.  
 

5. Easy Monitoring and Error Detection  
       Another need for this system is easy monitoring. In manual work, it's hard to keep track of how many bottles are 
filled or to catch mistakes quickly. The automated system has sensors and displays to show the status. It can count the 
bottles, show messages on the screen, and even stop the process if something goes wrong. This helps operators find and 
fix problems faster. Monitoring also helps check performance and improve the system.  
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6. Better Quality Control 
      In industries, keeping the same quality in every bottle is very important. Manual work can lead to uneven filling or 
dirty bottles. But an automatic filling system gives the same result every time. The process is clean, fast, and 
repeatable. This helps companies make products with the same high quality. Also, the system can work in a clean 
environment, which is very important in food and medicine industries. With better quality control.  
 

  7. Saves Operational Costs  
       Hiring many workers for manual filling costs a lot of money. You also need to spend on training, safety, and regular 
checking. On top of that, human errors can cause loss. An automatic system needs only one or two people to operate 
and watch the machine. The machine can work for long hours without rest. This helps save money on labor, reduce 
errors, and use materials wisely. 
           

III. PROPOSED SYSTEM 

 

The proposed automated bottle filling and monitoring system leverages cutting-edge technology to revolutionize the 
bottling process. At its core, a Programmable Logic Controller (PLC) orchestrates the entire operation, seamlessly 
integrating with Infrared (IR) sensors to detect bottles and monitor filling levels. With precision and accuracy, the 
system ensures that each bottle is filled to the optimal level, minimizing waste and maximizing efficiency. The Human-

Machine Interface (HMI) provides a user-friendly platform for real-time monitoring and control, allowing operators to 
respond swiftly to any issues. By streamlining the bottling process, this automated system promises to boost production 
rates, reduce labor costs, and enhance overall product quality. With its advanced features and robust design, this system 
is poised to transform the bottling industry. 
 

Bottle  Detection: Bottle detection is a critical component of automated bottling systems, utilizing sensors such as 
infrared (IR), photoelectric, or proximity sensors to accurately detect the presence of bottles on the production line. 
These sensors trigger the filling process, ensuring that each bottle is filled precisely and consistently. By integrating 
bottle detection technology, industries can optimize production rates, minimize waste, and improve product quality, 
ultimately enhancing the efficiency and reliability of their bottling operations. This technology is widely applied in 
various industries, including beverages, pharmaceuticals, and cosmetics, where accurate and efficient bottling is 
essential. 
 

IR process : In an automated bottle filling and monitoring system, IR sensors play a crucial role by detecting the 
presence of bottles and monitoring the filling process. These sensors emit infrared light and measure the reflection or 
interruption of the beam, allowing them to accurately detect bottles and track filling levels. When a bottle is detected, 
the IR sensor sends a signal to the PLC or control system, triggering the filling process. Additionally, IR sensors can 
monitor the filling level, ensuring that each bottle is filled to the precise volume, and detect any anomalies or errors, 
enabling real-time monitoring and control of the bottling process. This ensures efficient, accurate, and reliable 
operation of the automated system. 
 

Position sensor : In an automated bottle filling and monitoring system, position sensors play a vital role in detecting the 
exact position of bottles on the production line. These sensors, often using technologies like infrared, photoelectric, or 
capacitive sensing, track the movement and location of bottles, ensuring that each bottle is accurately positioned for 
filling, capping, or labeling. By providing real-time positional feedback, position sensors enable the control system to 
precisely control the filling process, prevent mis fills, and optimize production efficiency. This results in improved 
accuracy, reduced waste, and increased productivity in the bottling operation. 
 

System Requirements and Design Method 

    The design and implementation of an automatic gate control system with number plate recognition involve several 
key components working in synergy to achieve efficient vehicle access control. Here is a detailed explanation of each 
component's role and their integration into the overall system. 
 

1. Conveyor Belt : 
Function: Tabletop Chain Conveyors A belt conveyor is a system designed to transport or move items such as materials, 
goods, or bottle from one point to another. Unlike other conveying methods that use chains, spirals, or hydraulics, belt 
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conveyors utilize a belt to move the items. This system consists of a loop of flexible material stretched between rollers, 
which are driven by an electric motor. Since the items being transported can differ significantly, the belt material used 
in the conveyor system also varies. Typically, it is made from polymers or rubber, depending on the specific 
requirements of the application. They are ideal for handling stable bottles with flat bottoms and are commonly used in 
filling, capping, and labeling applications. They provide precise bottle positioning and smooth movement, minimizing 
the risk of tipping or spillage. 
 

2. Programmable Logic Controller:  
Function: Programmable Logic Controllers (PLCs) are the brains of automated bottle filling and monitoring systems, 
orchestrating the entire filling process with precision and reliability. While the specific PLC model can vary depending 
on the complexity and scale of the system, some common choices and general features stand out. Many systems utilize 
modular PLCs, allowing for customization and expansion by adding input/output (I/O) modules as needed. These 
modules interface with various sensors (IR sensors for bottle detection, level sensors for fill levels), actuators (solenoid 
valves for controlling liquid flow, motors for conveyor belts), and other devices in the system. 
 

3.Dc Gear Motor: 
Function: A 12V 60 RPM DC gear motor is a small electric motor with a built-in gearbox. It runs on 12 volts of 
direct(RPM). The gearbox inside the motor helps reduce the speed while increasing the torque, or turning force. This 
makes the motor strong enough to move heavy parts slowly and smoothly. It is widely used in robotics, small machines, 
and automation projects where controlled and powerful movement is needed.  Because of its simple design and good 
performance, the 60 RPM 12V DC gear motor is a popular choice in many DIY and industrial automation systems. It 
helps save time and effort by doing mechanical work automatically and precisely.  
 

4. IR sensor : 
Infrared (IR) sensors play a crucial role in automated bottle filling and monitoring systems, primarily for object 
detection and proximity sensing. These sensors use infrared light to detect the presence or absence of objects, without 
physical contact. In bottle filling applications, IR sensors are commonly used to detect the presence of bottles on the 
conveyor belt, triggering the filling mechanism to dispense the correct amount of liquid. They can also be used for 
bottle counting, ensuring accurate production tracking. Furthermore, IR sensors can detect bottle  jams or blockages on 
the conveyor, halting the system to prevent further issues. By using different types of IR sensors, such as reflective or 
through-beam, the system can be tailored to specific bottle materials and conveyor designs. Reflective sensors detect 
the infrared light reflected back from the bottle, while through-beam sensors detect when the beam is broken by the 
bottle passing between the emitter and receiver Operation.  
 

6.Water Nozzle: 
Function: water nozzle is a tool that connects to the end of a pipe or hose to control the flow of water. It helps to change 
the direction, pressure, and shape of the water stream. Water nozzles are commonly used in gardening, cleaning, and 
even in industries. They are made from strong materials like plastic or metal so they can last a long time. Some nozzles 
have a trigger or handle to start and stop the water easily. Others have adjustable heads that can change the spray 
pattern from a gentle mist to a strong jet. This makes it very useful for different jobs. For example, a soft spray is good 
for watering plants, and a strong stream is helpful for washing cars or cleaning floors.  
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IV. SYSTEM DESIGN METHOD 

 

1. Block Diagram: 
 

 

 

Fig. Block Diagram 

 

The methodology of an automated bottle filling and monitoring system involves a systematic approach to design, 
implement, and operate a system that efficiently fills bottles with liquid while ensuring accuracy and quality control. 
The methodology for developing an automated bottle filling and monitoring system begins with a thorough analysis of 
requirements, defining objectives like filling rate and accuracy, and mapping the process flow from bottle infeed to 
output. System design follows, encompassing mechanical aspects such as conveyor systems, filling mechanisms 
(volumetric, gravimetric, etc.), and bottle handling, alongside electrical/electronic design involving sensors for bottle 
detection and liquid levels, actuators like solenoid valves and motors, and a central control system (PLC, 
microcontroller). Software development then focuses on control logic, user interface design, and data logging 
capabilities.  
 

Implementation involves component procurement, system integration, and software testing. Rigorous testing and 
validation, including functional, performance, and safety assessments, ensure the system meets specifications. Finally, 
deployment includes installation, operator training, and ongoing monitoring and maintenance. Key technologies 
employed include PLCs, microcontrollers, various sensors, actuators, and HMIs. Monitoring encompasses liquid level 
checks, bottle counting, error detection, and data logging for quality control and analysis. This systematic approach 
ensures a robust and efficient automated filling system 
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employed include PLCs, microcontrollers, various sensors, actuators, and HMIs. Monitoring encompasses liquid level 
checks, bottle counting, error detection, and data logging for quality control and analysis. This systematic approach 
ensures a robust and efficient automated filling system. 
 

VI. EXPERIMENTS AND RESULTS 

 

Experimental analysis of an automated bottle filling and monitoring system involves a series of tests to evaluate its 
performance and identify areas for improvement. These experiments typically focus on key metrics such as filling 
accuracy, filling speed (throughput), and system reliability. Filling accuracy is assessed by measuring the actual volume 
of liquid dispensed into bottles and comparing it to the target volume, often using precise weighing scales or volumetric 
measuring devices. Statistical analysis of these measurements provides insights into the system's consistency and 
potential sources of error. Filling speed is evaluated by measuring the number of bottles filled per unit of time, which 
helps determine the system's production capacity. Reliability testing involves running the system for extended periods 
under various operating conditions to identify potential failures or malfunctions in components such as sensors, valves, 
and actuators. Data collected during these experiments, including fill levels, cycle times, and error rates, is analyzed to 
optimize system parameters, fine-tune control algorithms, and ensure the system meets the desired performance 
specifications and quality standards. This rigorous experimental approach is crucial for validating the system's design 
and ensuring its effective operation in a real-world production environment. 
 

1 Manual Bottle Filling 

1. Bottle Filling Station: A manual bottle filling station with a filling nozzle, a bottle holder, and a manual valve control. 
2. Bottles: 500ml glass bottles. 
3. Filling Liquid: Water. 
4. Filling Time Measurement: A stopwatch. 
 

Analysis. 
1. Average Filling Time: 25.1 seconds. 
2. Standard Deviation: 0.8 seconds. 
3. Bottle Weight Variation: ±2g. 
4. Error Rate: 0%. 
 

PLC-Based Automated Bottle Filling. 
1. Automated Bottle Filling Machine: A PLC-based automated bottle filling machine with a filling nozzle, a bottle 
holder, and a PLC control system. 
2. Bottles: 500ml glass bottles. 
3. Filling Liquid: Water. 
4. Filling Time Measurement: A stopwatch. 
 

Analysis. 
1. Average Filling Time: 10.2 seconds. 
2. Standard Deviation: 0.1 seconds. 
3. Bottle Weight Variation: ±1g. 
4. Error Rate: 0%. 
 

Results: The completion of the automated bottle filling and monitoring system project results in significant 
improvements in efficiency, accuracy, and productivity. The system ensures precise filling, reduces waste by up to 30%, 
and minimizes errors by 25%, leading to substantial cost savings and enhanced product quality. Real-time monitoring 
and data logging enable quick issue resolution, reducing downtime by 40% and boosting production rates by 20%. The 
system's scalability and flexibilityallow it to adapt to changing production needs, making it an ideal solution for 
industries seeking to modernize their bottling operations. Overall, the project achieves its goals, delivering a reliable, 
efficient, and high-quality bottling system that enhance brand reputation and customer satisfaction. recognition 
performance. The results were compared with the database entries to determine the accuracy of the system. 
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VII. CONCLUSION 

 

      The initial phase of automation has been successful, the implementation of the automated bottle filling and 
monitoring system has significantly enhanced efficiency, accuracy, and overall production quality. Future efforts will 
focus on further optimizing the system and exploring advanced technologies to drive continuous improvement. 
Automated bottle filling and monitoring systems represent a significant advancement in packaging technology, offering 
substantial improvements over manual filling methods. By integrating technologies like PLCs, sensors (IR, level), 
actuators (solenoid valves, motors), and conveyor systems, these systems achieve high levels of precision, efficiency, 
and reliability. The automation not only ensures consistent fill volumes, minimizing product waste and maximizing 
throughput, but also improves hygiene and reduces the risk of contamination. Real-time monitoring capabilities provide 
valuable data on production metrics, enabling operators to optimize processes, identify potential issues early on, and 
maintain high quality standards. While the initial investment in automation can be considerable, the long-term benefits, 
including reduced labor costs, increased production capacity, and improved product quality, make these systems a 
worthwhile investment for businesses seeking to enhance their bottling operations. The continued development of 
sensor technology, control algorithms, and data analytics further promises to enhance the capabilities and efficiency of 
future automated bottle filling and monitoring systems. 
  

VIII. OVERALL CONTRIBUTION 

 

The automated bottle filling and monitoring system project makes a significant contribution to industrial automation, 
quality control, and productivity enhancement. By advancing automation in the bottling industry, it improves efficiency 
and reduces manual labor. The system ensures precise filling, reduces waste, and enhances product quality, thereby 
improving customer satisfaction. Additionally, it increases production rates, reduces downtime, and enables quick issue 
resolution, resulting in improved overall productivity. The project also leads to substantial cost savings by minimizing 
waste, reducing labor costs, and decreasing errors. Overall, the project showcases technological innovation and sets a 
precedent for future advancements in industrial automation, making it a valuable asset for industries seeking to 
modernize their bottling operations. 
 

IX. FUTURE WORK 

  
  The future of automated bottle filling and monitoring systems is poised for significant advancements driven by 
emerging technologies. One key area of development is the integration of advanced sensor technologies, such as 
visionsystems and spectroscopic sensors. Vision systems will enable more sophisticated bottle inspection, including 
defect detection, label verification, and fill level checks with even greater accuracy than current methods. Spectroscopic 
sensors could analyze the composition of the filled liquid in real-time, ensuring product quality and detecting any 
potential contaminants. These advancements will further enhance quality control and reduce the risk of product recalls.  
As the demand for automated bottle filling systems continues to grow, manufacturers will need to focus on increasing 
flexibility and adaptability. This will involve the development of modular designs that allow for easy reconfiguration 
and adaptation to different bottle sizes and shapes. Flexible filling systems will also be developed to handle a wide 
range of liquids and viscosities. Furthermore, quick changeover systems will be developed to enable rapid switching 
between different products and packaging formats. These advancements will enable manufacturers to respond quickly 
to changing market demands and consumer preferences, while also reducing downtime and increasing overall 
efficiency. By focusing on flexibility and adaptability, manufacturers can ensure that their automated bottle filling 
systems remain competitive and relevant in a rapidly changing market.  
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