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ABSTRACT 

This paper presents the design, development, and validation of an automated pipe sorting 

system built as a small-scale prototype integrating mechanical structures, infrared 

sensing, and Arduino-based control. The project follows the complete engineering 

workflow, beginning with concept generation and functional decomposition, continuing 

with iterative prototyping, subsystem testing, and final integration. The system performs 

pipe transportation, length measurement through timed sensor interruption, and robotic 

sorting using a 6-DOF arm. Emphasis is placed on experimental calibration, modular 

programming, and problem-solving strategies that address challenges such as sensor 

sensitivity, mechanical alignment, and communication constraints. Results show that the 

prototype achieves consistent classification for four pipe lengths, demonstrating that low-

cost components and systematic testing can yield a reliable model of industrial 

automation. The project can also be expanded diversifying the types of pipes that can be 

sorted, increasing measurement accuracy, as well as using AI techniques in decision-

making mechanism. The study highlights the educational value and scalability potential 

of modular, resource-efficient automation design. 

Keywords: automated sorting, pipe classification, mechanical design, prototyping, 

experimental validation. 

 

INTRODUCTION 

Engineering projects often begin with uncertainty, especially for individuals with limited 

prior experience in specific technical domains. This study was initiated under similar 

circumstances, as the first author had minimal exposure to programming and integrating 

Arduino Uno–based assemblies prior to the commencement of this work. Although earlier 

academic exercises provided some foundational knowledge, the current project presented 

a significantly higher level of complexity and integration [2,3]. 

This paper documents the conception, design, and realization of a pipe sorting system 

developed using Arduino-based control [4]. It details the complete process - from 

brainstorming and conceptual design to testing and refinement - while addressing the 

challenges encountered and the strategies employed to overcome them [11,20]. The 

objective is not only to present a functional technical solution but also to emphasize the 

importance of experimentation, resilience, and creative problem-solving throughout the 

development process. 
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MATERIALS AND METHODS 

This section describes the design methodology, materials, and components used in the 

development of the pipe sorting system. The design was based on modular principles, 

focusing on simplicity, cost-effectiveness, and adaptability to educational and small-scale 

prototyping environments [13,15]. 

System Overview and Design Concept 

To develop the system, the primary functional process was divided into three core actions: 

transportation, measurement, and sorting. Breaking down the workflow into smaller, 

well-defined routines facilitated a clearer design approach and more manageable 

implementation. While industrial systems typically have rigid design constraints, this 

project benefited from greater flexibility in experimentation and iteration [7,8]. 

Based on the review of the relevant technical literature, of interest to the topic of the paper 

is the automated solution developed by JR Automation [13]. In that system, conveyor 

belts are used to transfer pipes from a loading area to a measurement and packing zone. 

The measurement mechanism employs an array of optical sensors that detect the pipe’s 

length by timing the interruption of a light beam as the pipe passes. The pipe length can 

be determined using the formula:  

𝐿 = 𝑡 × 𝑣                (1) 

where L is the pipe length, t is the time during which the sensor beam is blocked, and v is 

the conveyor’s transport speed [2,5]. Measurement accuracy depends largely on sensor 

precision and conveyor speed stability [1]. Sorting in such systems is typically performed 

using robotic arms, which offer high flexibility but at the cost of increased complexity. 

This industrial system served as the conceptual foundation for the present work [16,18]. 

 

 
Figure 1. System overview [13] 

 

Reference Systems and Use of Artificial Intelligence Tools 

Due to limited access to detailed industrial data—most of which is proprietary—research 

into existing systems was supplemented using Large Language Models (LLMs) such as 

ChatGPT [21]. Although these tools are sometimes criticized for generating inaccurate 

information, they proved valuable in identifying potential sources, technical 

documentation, and relevant design references when used with proper verification. Cross-

referencing AI-generated suggestions with credible sources enhanced the research 

efficiency, compensating for the limitations of traditional search engines [16,9]. 
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Materials and Hardware Components 

The experimental model was designed as a scaled-down prototype of an industrial 

sorting system. The following hardware components were utilized: 

• Transport mechanism: A single conveyor belt originally designed for vending 

machines, equipped with an internal gearbox ensuring stable speed [23]. 

• Sensors: Infrared (IR) sensors replaced industrial-grade laser sensors due to 

availability and cost constraints [5,10]. 

• Sorting system: A custom-built 6-degree-of-freedom (6-DOF) educational 

robotic arm assembled from a metallic chassis and six PWM-controlled servo 

motors [22, 25]. 

• Control units: Three Arduino Uno microcontrollers were used—one each for 

transport control, measurement, and sorting. This modular control approach 

simplified program development, debugging, and logical structuring, considering 

the resource limitations of the Arduino Uno platform [14]. 

Communication Between Subsystems 

A simple digital communication system was implemented between the measurement and 

sorting modules. The measurement Arduino transmitted a HIGH signal through one of 

four dedicated digital pins, each corresponding to a specific pipe length [17]. Upon 

receiving this signal, the sorting Arduino executed a predefined servo position routine 

associated with that pin. Although this approach limited the system to sorting four distinct 

pipe lengths, it provided reliable and efficient communication within hardware 

constraints [19]. 

 
Figure 2. Communication between subsystems 

 

The connections were made as follows: 

- for the relay module, the VCC pin was connected to the Arduino’s 5V output, the 

GND pin was linked to the nearest ground pin on the board, and the IN pin was 

assigned to digital pin D4; 
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- for the start button, one terminal was connected to GND, while the second 

terminal was connected to digital pin D2; 

- for the conveyor end-limit switch, one terminal was connected to GND and the 

other to digital input D3; 

- the 5V power supply was soldered directly to the terminals of the Arduino’s power 

connector; 

- the 24V power supply was wired with the negative conductor connected to the 

conveyor’s negative terminal, while the positive conductor was routed through the 

relay and connected via the common and normally open contacts to the conveyor’s 

positive terminal. 

The sorting subsystem exhibits greater complexity compared to the conveyor control 

module. It includes an infrared emitter–receiver pair, four LEDs equipped with current-

limiting resistors, and is directly interfaced with the robotic arm control unit through four 

dedicated wires connected to digital input addresses. 

For this subsystem the connections are made as follows: 

- for the LEDs, the cathodes share a common connection to the most accessible 

GND point on the Arduino board, while the anodes are individually connected to 

digital pins D3, D4, D5, and D6, each branch including its own current-limiting 

resistor; 

- for the IR receiver, the VCC pin is connected to the Arduino’s 5V supply, the 

GND pin is routed to a convenient ground point on the board, and the DATA pin 

is connected to digital pin D2; 

-  the IR emitter is powered similarly to the IR receiver, with its DATA pin 

connected to digital pin D9; 

-  digital pins D7, D8, D10, and D11 are used to transmit a HIGH signal—

corresponding to the sorting result—to the Arduino controlling the robotic arm 

subsystem. 

The robotic arm control system consists of an Arduino microcontroller, a PWM driver 

module, and six servo motors. Digital pins D2, D3, D4, and D5 are assigned to receive 

HIGH signals from the sorting system, depending on the detected pipe category. The 

connections were implemented as follows: 

-  the PWM driver module uses the SDA line connected to analog input A4 and the 

SCL line connected to analog input A5. Logical power is supplied via the 

Arduino’s VCC and GND pins (5V and GND). Servo motors are powered 

separately through the dedicated connector and an external power supply; 

- the servo motors are connected to the designated output channels on the PWM 

control module. 

A set of clarifications is necessary before proceeding. The circuit diagrams used in this 

paper were created using the Cirkit Designer platform, which also enables virtual testing 

of the designed circuits together with the implemented programs. In the physical system, 

however, the power connections of the Arduino modules are arranged as shown in the 

final figure, with all three modules connected in parallel to the same power supply. 
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Figure 3. Wiring diagram of the complete pipe-sorting system 

 

Assembly and Wiring Challenges 

The physical assembly presented several challenges. Wiring was particularly time-

intensive, as the robotic arm alone required 18 wires (three per motor) in addition to 

power and signal lines. A transition ramp, made from reshaped plastic, was installed 

between the conveyor and sorting zones to ensure consistent pipe positioning for robotic 

gripping. Adjustments were made to the ramp’s angle and surface to improve stability 

and alignment [24]. 

Additional refinements were necessary after system assembly. The optical sensors 

required several mounting adjustments to achieve consistent readings. A time-delay 

routine was introduced in the sorting control program to compensate for pipe travel time 

between the measurement and sorting areas. Furthermore, IR sensor performance was 

optimized by pulsing the signal at fixed intervals instead of continuous transmission, 

which prevented signal dropouts [6, 12]. 

 

 
Figure 4. Pipe sorting system assembly steps 

 

Calibration and Speed Measurement 

Accurate conveyor speed determination was crucial for reliable measurement. Constant-

speed operation was preferred; however, empirical testing was conducted for validation. 

Four pipe lengths (4 cm, 8 cm, 12 cm, and 16 cm) were used as test samples. Each pipe 

was passed through the system five times, and the average sensor blocking time was 

recorded for each length. 
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Using the recorded values, the conveyor speed was calculated as:  

𝑣 =
𝐿

𝑡
                                                                (2) 

where L represents the known pipe length and t the average blocking time. The resulting 

average conveyor speed (see Table 1) was found to be approximately 2.26 cm/s, 

confirming a stable and consistent transport rate. This verification also provided reference 

timing values for the sorting algorithm, ensuring dependable classification. For higher-

precision systems, this formula can be extended with real-time feedback to improve 

sorting accuracy. 

 

Table 1. Conveyor Speed Calculation 

Pipe Length (cm) Average Time (s) Calculated Speed: 𝑣 =
𝐿

𝑡
(cm/s) 

4 1.77 2.26 

8 3.53 2.27 

12 5.32 2.26 

16 7.07 2.26 

Average – 2.26 

 

 

RESULTS AND DISCUSSION 

The fully assembled pipe sorting system was evaluated to determine its operational 

reliability, accuracy, and overall effectiveness. Experiments were conducted using pipe 

samples of four distinct lengths (4 cm, 8 cm, 12 cm, and 16 cm), with multiple runs 

performed for each length to assess repeatability and measurement precision. The results 

are presented in the Table 2. 

 

Table 2. Calibration data 

Pipe Length 

(cm) 
Run 1 (s) Run 2 (s) Run 3 (s) Run 4 (s) Run 5 (s) Average (s) 

4 1.77 1.78 1.76 1.79 1.77 1.77 

8 3.54 3.52 3.55 3.51 3.53 3.53 

12 5.32 5.30 5.33 5.31 5.34 5.32 

16 7.08 7.05 7.07 7.06 7.09 7.07 

 

System Functionality and Performance 

The system successfully executed the three core functions: transportation, measurement, 

and sorting. The conveyor consistently transported pipes from the loading zone to the 

measurement and sorting areas, and the infrared sensor array reliably detected pipe 

presence and length. The Arduino-based control architecture, combined with the simple 

digital signalling protocol between measurement and sorting modules, ensured timely 

execution of servo routines in the robotic arm. 
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The sorting system demonstrated accurate classification for all four pipe lengths. The 

calibration of sensor blocking times allowed the Arduino controller to correctly trigger 

the corresponding sorting routine, resulting in successful placement of pipes into 

designated categories. 

Measurement Accuracy and Conveyor Speed Verification 

Empirical testing confirmed the conveyor operated at a relatively stable speed of 2.26 

cm/s. Minor variations in sensor readings were observed due to slight differences in pipe 

dimensions and placement, but these deviations did not significantly impact sorting 

accuracy. The repeated measurements indicated that the time-based length detection 

method was robust for the intended prototype scale, achieving 100% correct classification 

in all tests runs for the four length categories. 

Challenges and Limitations 

Several challenges were identified during testing: 

- Mechanical alignment: Fine-tuning the ramp and conveyor-to-sorting transition 

was necessary to ensure consistent pipe positioning for the robotic arm. 

- Sensor sensitivity: Infrared sensors required periodic signal pulsing and 

mounting adjustments to avoid misreadings. 

- Control delays: Timing buffers were implemented in the sorting program to 

account for minor delays in pipe travel between the measurement and sorting 

zones. 

- Limited sorting categories: Due to the Arduino Uno’s limited I/O and 

communication simplicity, the system was restricted to sorting four pipe lengths. 

Expanding the system would require more complex communication protocols or 

additional hardware. 

Despite these limitations, the modular design allowed for easy adjustments, and the 

system provided a reliable demonstration of automated sorting principles for educational 

and prototyping purposes. 

Significance and Practical Implications 

The results indicate that even with a simple conveyor, infrared sensors, and an educational 

robotic arm, a functional and accurate pipe sorting system can be developed. The project 

highlights the importance of: 

• Iterative testing: Continuous adjustment of mechanical components and sensor 

calibration is crucial for reliable operation. 

• Modular control: Dividing the control system into multiple microcontrollers 

simplified programming and reduced debugging complexity. 

• Experimental validation: Empirical testing of conveyor speed and sensor timing 

provided reliable data for system design and coding. 

This study demonstrates that low-cost components and accessible control platforms can 

be effectively used to model industrial sorting processes, providing valuable insights for 

both educational projects and preliminary system prototyping. 

The present work leads to the following remarks and contributions: 

- Modular design approach: Dividing the system into transportation, 

measurement, and sorting modules simplified both mechanical construction and 

programming. 
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- Iterative testing and calibration: Fine-tuning the conveyor, sensors, and robotic 

arm ensured consistent pipe positioning and accurate length detection, 

highlighting the importance of hands-on experimentation. 

- Effective use of low-cost components: Infrared sensors, an educational 6-DOF 

robotic arm, and Arduino Uno microcontrollers were sufficient to build a 

prototype demonstrating industrial sorting principles. 

- Practical insights for prototyping: The study emphasizes the importance of 

modularity, simple communication protocols, and systematic testing when 

developing automated systems with limited resources. 

Overall, this project shows that even with constrained resources, it is possible to design, 

implement, and validate a functioning pipe sorting system. The methodology and insights 

presented may serve as a reference for educational projects, small-scale prototyping, or 

preliminary industrial automation studies. 

 

CONCLUSIONS  

This paper presented the design, development, and implementation of a small-scale 

automated pipe sorting system using Arduino Uno controllers, infrared sensors, a 

conveyor belt, and a 6DOF robotic arm. The project demonstrates that functional 

automation systems can be created with off-the-shelf components by applying systematic 

design, iterative testing, and troubleshooting. 

The main conclusions of this paper are presented below:  

- System Reliability: by carefully calibrating the conveyor speed and sensor 

timings, the system achieved consistent and repeatable sorting for four 

predetermined pipe lengths;  

- Modular Design Benefits: dividing the system control across three Arduino Uno 

modules simplified programming, reduced resource constraints, and facilitated 

easier debugging;  

- Practical Problem-Solving: many challenges, such as sensor sensitivity, robotic 

arm positioning, and transport alignment, required iterative adjustments, 

highlighting the importance of hands-on experimentation;  

- Scalability and Flexibility: while the current system sorts only four pipe lengths, 

the approach can be extended to more complex setups using additional sensors, 

robotic degrees of freedom, and improved control algorithms;  

- Educational Value: the project provides a practical learning experience in 

mechatronics, automation, and robotics, demonstrating how theoretical principles 

can be translated into a functioning prototype. 

Future work could focus on improving measurement accuracy, expanding sorting 

categories, and integrating AI-assisted decision-making for more advanced automation. 

 

REFERENCES  

[1] Akyildiz, I.F., Su, W., Sankarasubramaniam, Y., Cayirci, E., Wireless Sensor 

Networks: A Survey, Computer Networks, vol. 38, pp. 393–422, 2002. 



Romanian Journal of Petroleum & Gas Technology 

Vol. VI (LXXVII) • No. 2/2025 

  

 

221 

[2] Arduino Forum, Measuring Object Length with Conveyor and Sensors, 

https://www.geeksforgeeks.org/electronics-engineering/distance-measurement-

using-ultrasonic-sensor-and-arduino/, 2023. 

[3] Arduino, Arduino Uno Technical Specifications, https://www.arduino.cc, 2023. 

[4] Banzi, M., Shiloh, M., Getting Started with Arduino, 3rd Edition, Maker Media, 

2015. 

[5] Benet, G., Blanes, F., Simo, J.E., Perez, P., Using infrared sensors for distance 

measurement in mobile robots, Robot Autonomous Systems, vol. 40, pp. 255–

266, 2002. 

[6] Bolton, W., Mechatronics: Electronic Control Systems in Mechanical and 

Electrical Engineering, 6th Edition, Pearson, 2015. 

[7] Craig, J.J., Introduction to Robotics: Mechanics and Control, 4th Edition, Pearson 

Education, 2018. 

[8] Deka, R., Borthankur, P.P., Baruch, E., Sarmah, P., Saikia, M., A comprehensive 

review on mechanical conveyor systems: evolution, types and applications, 

International Journal of Natural and Engineering Sciences, pp. 164–183, 2024. 

[9] Dorf, R.C., Bishop, R.H., Modern Control Systems, 13th Edition, Pearson, 2017. 

[10] Fraden, J., Handbook of Modern Sensors: Physics, Designs, and Applications, 

5th Edition, Springer, 2016. 

[11] Groover, M.P., Automation, Production Systems, and Computer-Integrated 

Manufacturing, 4th Edition, Pearson, 2015. 

[12] Groover, M.P., Weiss, M., Nagel, N., Industrial Robotics: Technology, 

Programming, and Applications, 2nd Edition, McGraw-Hill, 2001. 

[13] JR Automation, Automated Pipe Sorting System Overview, 

https://www.jrautomation.com/resources/casestudy/flexible-pipe-sorting-and-

palletizing-system, 2023. 

[14] Kaiser, S., Arduino Optimization Techniques for Embedded Systems, Springer, 

2018. 

[15] Kalsoom, T., Ramzan, N., Ahmed, S., Ur-Rehman, M., Impact of IoT-Lead 

Smart Factory in the Context of Industry 4.0, Proceedings of the International 

Conference on UK-China Emerging Technologies (UCET), Glasgow, United 

Kingdom, pp. 1–5, 2020. 

[16] Kurrek, P., Jocas, M., Zoghlami, F., Stoelen, M., Salehi, V., AI motion control—

A generic approach to develop control policies for robotic manipulation tasks, 

Proceedings of the International Conference on Engineering Design (ICED), 

Delft, The Netherlands, pp. 3561–3570, 2019. 

[17] Margolis, M., Jepson, B., Weldin, N.R., Arduino Cookbook, 2nd Edition, 

O’Reilly Media, 2011. 

[18] Manesis, S., Nikolakopoulos, G., Introduction to Industrial Automation, CRC 

Press, 2018. 

[19] Monk, S., Programming Arduino: Getting Started with Sketches, 3rd Edition, 

McGraw-Hill, 2023. 



Romanian Journal of Petroleum & Gas Technology 

Vol. VI (LXXVII) • No. 2/2025 

  

 

222 

[20] Montemerlo, M., Roy, N., Thrun, S., Perspectives on standardization in mobile 

robot programming: The CARMEN Toolkit, Proceedings of the IEEE/RSJ 

International Conference on Intelligent Robots and Systems (IROS), Las Vegas, 

Nevada, pp. 2436–2441, 2003. 

[21] OpenAI, ChatGPT LLM [Large Language Model], 

https://www.cloudflare.com/learning/ai/what-is-large-language-model/, 2023. 

[22] PWM Servo Motor Datasheet, 

https://docs.arduino.cc/learn/microcontrollers/analog-output/, 2023. 

[23] Rajamani, R., Vehicle Dynamics and Control, Springer, 2011. 

[24] Sreenivasulu, M., Reddy, P., Advances in Robotics and Mechatronics for 

Industrial Automation, International Journal of Engineering Science and 

Advanced Technology, pp. 427–435, 2025. 

[25] Spong, M.W., Hutchinson, S., Vidyasagar, M., Robot Modelling and Control, 

2nd Edition, John Wiley & Sons, 2006. 
             

Received: November 2025; Revised: December 2025; Accepted: December 2025; Published: December 2025  


