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Abstract: Manual picking and retrieval of items from storage locations can be time-consuming, leading to delays in order 

fulfillment. This can negatively impact customer satisfaction and the overall responsiveness of the supply chain. In addition, 

manual data entry and tracking systems are prone to human errors, resulting in discrepancies between recorded and actual 

inventory levels. This can lead to stockouts, overstocking, and difficulties in maintaining accurate inventory records. Therefore, 

a fully automated storage and retrieval system is proposed to tackle this problem. The overall system consists of infrared sensor 

as presence of item stored, LEDs indicator, warehouse model with compartments and stepper motors act as actuator to pick 

and place the item. This project aims to automate the storage and retrieval system with the assist of monitoring system for 

accurate tracking of inventory and space savings. The use of Programmable Logic Controller (PLC) in this project is a good 

representation of integrated automation technology in automated storage system design. Furthermore, monitoring system 

connected to a web-based system will be used to remotely monitor and operate the facility. Implementing an Automated 

Storage and Retrieval System (ASRS) in the warehouse can address these challenges by automating the storage, retrieval, and 

tracking of inventory.  
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1. INTRODUCTION 

In todays’ scenario, ASRS are being widely used in the 

logistics industry [1]. An automated storage and retrieval 

system (ASRS) is a computer-controlled system that 

automatically stores and retrieves goods from predefined 

locations. It utilizes software applications to manage 

inventory, track storage locations, and optimize storage 

and retrieval processes. ASRS systems offer benefits such 

as improved inventory control, efficient use of time, space, 

and equipment. They consist of multi-tiered racks, stacker 

cranes, input/output stations, and a central supervisory 

computer, working together to ensure fast and accurate 

storage and retrieval operations [2]. The system typically 

consists of several key components: a storage rack, a 

retrieval mechanism (such as a crane or robot), and a 

computer control system. The storage rack is the physical 

structure that holds the materials being stored. This can be 

in the form of bins, shelves, or other types of storage 

compartments. The retrieval mechanism is responsible for 

moving the materials within the storage rack and bringing 

them to a pick-up location for the operator. This can be 

done through the use of a crane, robot, or other type of 

lifting device. 

The computer control system is the brain of the ASRS, 

responsible for managing and coordinating the actions of 

the storage rack and retrieval mechanism. This system can 

be programmed to optimize storage density, improve 

inventory management, and reduce labor costs by 

automating the storage and retrieval process. The purpose 

of placing the goods has been stored in the database 

according to the goods being sorted. Data items that have 

been stored in the database are very helpful in the process 

of changing the warehouse system into a warehouse 

management system [3]. An ASRS is a computer-

controlled system that automates the process of storing and 

retrieving materials in a warehouse. The storage retrieval 

equipment consists of a special mechanism responsible for 

transferring the products from input/output to a point in the 

shelves, a system for recording and arranging the products, 

a system for reading and executing an order, a system for 

locating and retrieving the products [4]. It can increase 

storage density, improve inventory management, and 

reduce labor costs by automating the storage and retrieval 

process, making it an essential tool in the modern 

warehouse and logistics industry. 

This project utilizes a microcontroller as an automatic 

control on a computer numerical control (CNC) machine 

which aims to help simplify the programming of input files 

or data needed to move a CNC machine. The ball screw is 

used to convert the rotational motion generated from the 

stepper motor into a translational motion to move the 

working axis of the CNC machine [8]. Length of travel 

means the linear movement of stepper motors that control 

for X, Y and Z axes from point to another point [9]. The 

Arduino plotter machine uses Computer Numerical 

Control and is limited by the motion X, Y, and Z axes. The 

X-axis stepper motor controls left-right movement, the Y-
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axis controls front-back movement, and the Z-axis controls 

pen up-down. The use of CNC to automate the movement 

of each linear actuator for each axes of X, Y and Z enable 

efficient movement for storing and retrieving of goods. 

This highlights the importance if CNC usage in warehouse 

system for better automatic movement. 

Due to production volume, large-scale manufacturing 

relies on automation. Teams struggle to implement 

complex procedures with numerous controlled and tested 

parameters. Humans can also interfere. Programmable 

logical controllers (PLC) that act as a controlled system's 

"brain" solved this challenge. The controller evaluates and 

corrects all system factors to accomplish the prescribed 

mode. All automation systems are built. Processes vary. 

The PLC executes the process-specific program. System 

design involves correct software writing. Writing the 

program is possible in any convenient format: in the 

language of relay contact circuits, in the graphical 

language of functional block charts, and also with the help 

of high-level diagrams describing the stages and 

conditions of the transitions in the contemporary computer 

programming language [10]. In addition, the complex 

CODESYS makes it possible for you to see the program in 

operation, using the visualization editor. Visualization is 

possible without connecting the PLC. 

Pick and place using robots is a common application in 

industry. In a cyber-physical system, a smarter robot with 

vision sensing can decrease the uncertainty in decision-

making for acquiring the position of objects in a scene [11]. 

Some systems in the industries embrace the efficiency 

which is a production line usually enabled in order to 

produce several different types of objects in turn. Based on 

these circumstances, pick and place robot was designed to 

have 9 laying position divided into 3 main groups, namely 

A, B, and C and 2 disposal positions included in group X 

for objects instead of main group. The sensors used for 

detecting and classifying objects are using an radio 

frequency identification system (RFID) because each 

RFID tag has a unique code and different from another 

[12].  The idea of putting RFID tag on each goods should 

be implemented in this project. With this, the goods stored 

in the storage can have its information extracted by the 

warehouse keeper for data management. Some of the 

additional information possible to be read such as the entry 

time, type of goods, weight of goods and shipping 

postcode. This is one of the ideas in improving the project 

further.  

Creating a complete pick and place system, with a low 

price, able to reconfigure the entire mechatronic system by 

using an HMI interface through a minimal intervention on 

the adaptation of the z axis to the specific application. 

Thus, the system can be set up via the HMI interface to 

support a drawing, cutting, laser engraving or 3D printer 

[14]. In this case, the HMI interface plays a part in showing 

the full system process flow. The use of display for the 

storage and retrieval goods provide information to be 

stored. In this case, the boxes colored by green means the 

goods are stored. This provide easy goods management to 

the warehouse keeper instead of checking manually 

through observation if the storage rack are unreachable and 

not easily visible in a congested warehouse. 

The use of CODESYS as the programming and 

controlling automation devices for PLC, the use of actual 

hardware PLC is not easily can be accessed unless being 

exposed directly to automation industry. The use of 

CODESYS provide the platform for getting to know 

automation control easily due to its user-friendly interface. 

The laboratory exercises are designed to provide students 

with practical aspects in the field of automatic control. The 

focus is on the basic concepts of a programmable logic 

controller (PLC) programming by implementing an IoT-

compatible, student-oriented approach using the 

Raspberry Pi, the PiFace Digital 2 module, and the 

CODESYS environment. Students design a control 

program through developing a ladder diagram. The 

progressively gradually upgraded developed program, 

which is first tested in simulation, is finally implemented 

on an elevator laboratory device [16]. For this project, the 

use of personal computer is used to connect CODESYS 

with other peripherals. 

In industries these advanced control schemes 

implemented through Distributed control system (DCS), 

programmable logic controller (PLC). For communication 

with different make controllers user can use various 

communication protocol such as Modbus TCP, Modbus 

RTU, Ethernet, Profibus, Profinet etc. In this experiment 

Modbus RTU, Modbus TCP communication protocol are 

used for communication and control of batch process from 

remote controllers [17]. Ethernet local area network 

operation is specified for selected speeds of operation from 

1 Mb/s to 100 Gb/s using a common media access control 

(MAC) specification and management information base 

(MIB) [18]. Traditional Modbus/TCP server-side protocol 

includes in many inappropriate blocking I/O operations. 

These operations frequently lead to receiving thread 

blockage in the communication [19]. 

Based on the past research works, the importance of 

material or goods handling in storage system is highlighted 

from the previous paragraphs. A proper storage system is 

a system equipped with fully automated linear motion for 

each 3 axes for X, Y and Z as well as each compartment 

have its own coordinates and sensors to detect the goods 

such as proximity, RFID reader and weight sensor. In this 

project, the compartment are arranged in a 3 by 3 grid and 

each have its own coordinate being set in Arduino and IR 

sensor is used for detecting presence of goods inside the 

compartment. The movement of storing and retrieving are 

done by the linear actuator movement consists of stepper 

motors for automating movement.  

2. METHODOLOGY  

This project includes the design and build a prototype of 

an Automated Storage and Retrieval System. The 

development of this project is based on ASRS system that 

have been applied in most logistics facility and warehouses 

which can store items inside aisles or compartments. In 

designing an Automated Storage and Retrieval System 

(ASRS), there are two things that need to put onto 

consideration; physical design and control issues, to be 

addressed in the right way to fully take advantage of all its 

pros, such as controller, mechanical system, and 

communication [20]. Furthermore, the system can display 
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the presence of item inside the compartment. The box is 

containing nine compartments. When IR sensor detects, 

LED will light up as indicator for item being put inside the 

compartment. 

Arduino Mega act as the brain of the system that control 

the operation for detecting item, pick and place item and 

serial communication between Arduino and CODESYS. 

AnyViz acts as the automation server to display 

Supervisory Control and Data Acquisition (SCADA) and 

Human Machine Interface (HMI) development. The 

overview design involves for this project as shown in 

Figure 1. 

 

 

Figure 1. The overview of overall system implementation 

2.1 Hardware Implementation 

The implementation of hardware is including the 

construction of the circuit design which shows the 

interfacing between microcontroller with the devices and 

components. Figure 2 shows the early design of 9 

compartments with input sensors and indicators.  

 

 

Figure 2. The box storage early design with 9 

compartments equipped with IR sensors and LEDs as 

indicators 

 

Figure 3. The hardware overview used in this project 

From Figure 3, this ASRS system consists of IR sensors 

for detection of item inside the compartment. LED will 

light up upon detecting item and will stay light up when 

the item is still present. CNC shield is used as the driver 

for stepper motors and 3 stepper motors are used which 

will automate the pick and place process. Ethernet shield 

is used to send data of item presence to CODESYS through 

Ethernet Modbus TCP. Figure 4 shows the connection of 

Arduino Mega with IR sensors and LEDs for hardware 

implementation to indicate the presence inside each 

compartment. 

 

 

Figure 4. The connection of Arduino Mega with 9 LEDs 

and 9 IR sensors 

 

Figure 5. The connection of hardware for Arduino Mega, 

Ethernet shield and CNC shield 

Figure 4 and 5 shows the overall connection of Arduino 

Mega, CNC shield and Ethernet shield for the hardware 

implementation. Figure 6 shows the overall setup of 3 

stepper motors with aluminium profile base for the pick 

and place process. Figure 6 shows the 3-axes stepper motor 

actuator for X, Y and Z movement for pick and place item 

process. It consists of aluminium profile and stepper 

motors. 
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Figure 6. The 3 axes stepper motor setup for pick and 

place process 

2.2 Software Implementation 

The software part in this project Are about the full process 

from receiving data from Arduino IDE and then inputs 

from sensors which is then send to automation server 

which is AnyViz portal through CODESYS which act as 

the gateway. 

 

 

Figure 7. Flowchart for automated storage and retrieval 

system 

Figure 7 shows the process of picking the item using the 

movement of stepper motors to move in the direction of X, 

Y and Z axes from the early stage to the end stage which 

is the display of item presence inside each compartment in 

the SCADA development. 

 

 

Figure 8. Arduino development for Modbus setup to 

computer client 

 

Figure 9. CODESYS development for PLC 

Figure 8 shows the process in between Arduino Mega and 

Ethernet shield to the computer client. Figure 9 shows the 

CODESYS software interface which is configuring the 

gateway for local host connection to be connected to 

automation server which is AnyViz portal. 

 

 

Figure 10. Automation server through AnyViz portal 

Through the Anyviz portal like in Figure 10, users can 

configure automation tasks to be performed by the 

automation server. These tasks can range from simple 

repetitive actions to complex workflows involving 

multiple systems or applications. The automation server 

acts as the central component of the automation 

infrastructure. It receives instructions in the form of 
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Boolean data type from the Anyviz portal, which specify 

the tasks to be executed, their parameters, and the desired 

schedule. The server then carries out these tasks by 

interacting with the relevant systems or applications. The 

instruction sent to the CODESYS afterwards and will be 

updated inside the ladder diagram program which directly 

linked with the hardware. For this project, a simple 

representation of 9 identical arranged squares which will 

indicate the state of each compartment. 

2.3 Sensor Selection 

2.3.1 Arduino Mega  

Arduino Mega is a microcontroller board that's part of the 

Arduino family of open-source hardware and software 

platforms. It's designed to provide more I/O pins, memory, 

and processing power compared to the standard Arduino 

boards, making it suitable for more complex projects and 

applications. The reason Arduino Mega was chosen as the 

microcontroller for this project because of its many I/O 

pins compared to other microcontrollers and it is also 

compatible to be use for shields such as CNC shield, 

Ethernet shield and WiFi shield. 

 

 

Figure 11. Arduino Mega microcontroller 

2.3.2 Infrared Sensor 

An IR sensor, or an infrared sensor, is a key component 

used in projects to detect the presence of an item inside a 

compartment within a storage system. IR sensor is used 

compared to proximity sensor as described in the 

introduction because IR sensor is small and cheap for 

prototyping while proximity sensor is expensive and 

bigger then IR sensor in size so need to consider the sensor 

holder. 

 

 

Figure 12. IR sensor 

2.4 Hardware Design 

The prototype was developed with nine compartments 

which are for receiving the items. For the movement of 

pick and place of items, 3 stepper motors are used for the 

3-axes movement and the setup was built by using 

aluminium profiles as the base for the stepper motors as 

shown in Figure 6. 

 

 

Figure 13. Prototype for box with 9 compartments for 

storage system 

 

Figure 14. Overall full system of hardware involves with 

storage box and 3 axes stepper motor actuator 

The measurement of the automated storage system box is 

18cm*12cm*9cm. Figure 13 shows the overall prototype 

of automated storage and retrieval system. Based on Figure 

14, the IR sensors and LEDs are position at each 

compartment. 

3. RESULTS AND DISCUSSION 

Tests and experiments were run on the system to test the 

functionality of the system. Three tests were run and the 

data was collected and analyzed which are testing the 

functionality of infrared sensor through serial monitor in 

Arduino IDE which is then send to CODESYS through 

Modbus which is identified by ladder diagram program. 

Second test is the indicators of LEDs to see the presence 

of items. Third test is the test to see the visualizations of 

indicating the presence of items inside the compartments 

through visual Human Machine interface or user interface 
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which can be understand easily through graphically 

representations. 

3.1 Detection of Sensors 

Detection of IR sensors can be identified by referring to 

serial monitor in Arduino IDE apart from knowing it 

through indicator lights. A command is constantly being 

produced to actively checking the state of each IR sensors 

and a display command in serial monitor is generated to 

indicate the status of IR sensor state. 

 

 

Figure 15. IR sensor status detection 

Figure 15 shows the state of IR sensors for 9 

compartments. If no detention then a display message of 

“No object on Sensor XX” is shown in the serial monitor. 

3.2 Simulation of Control System 

AnyViz portal user interface gave an overview of the 

system through the graphical representation towards 

storage system. The default display for this will be gray for 

9 compartments. If the sensors detect item entering LED 

indicator are all available for each compartment to indicate 

the presence of item. 

 

 

Figure 16. LED are not lighting up when no detection of 

pallet inside the compartment 

 

 

Figure 17. LED are lighting up when detecting pallet 

inside the compartment 

Figure 16 and 17 are the results of detecting pallet inside 

the compartment. The LED indicator represent the 

presence of pallet if present the LED will light up for that 

compartment. 

3.3 Visualization through AnyViz Portal 

AnyViz portal user interface gave an overview of the 

system through the graphical representation towards 

storage system. The default display for this will be gray for 

9 compartments. If the sensors detect item entering the 

compartment, then the consequent box will be turn to green 

colour. If row A column 1 in hardware box (Figure 2) 

detects item inside that compartment, then the graphical 

representation inside AnyViz portal will turn to green 

indicating the presence of item. 

 

 

Figure 18. Detection of pallet inside the compartment 

Figure 18 shows the result of items being placed inside the 

compartment and being displayed in real-time through 

indication of colour change inside the SCADA graphical 

user interface. Based on Figure 18, Row A Column 1 is 

containing an item. 

4. CONCLUSION 

This experiment integrates mechanical and electrical 

understanding. Mechanical elements help the ASRS do its 

robotics role, while electrical elements govern object 

movement. Finally, warehouse and distribution 

management efficiency need automated storage and 

retrieval systems ASRS. These advanced systems boost 

operating efficiency, precision, and supply chain 

performance. Automation, robotics, and advanced control 



Muhamad Aiman Fikri Bin Mohd Fadzli et al. / ELEKTRIKA, 23(1), 2024, 88-95 

94 

systems optimise ASRS storage and retrieval. They 

maximise space use for more product in a smaller area. 

This is valuable in metropolitan areas with limited and 

expensive space. ASRS systems automate storage and 

retrieval, improving order accuracy and customer 

satisfaction. They can manage huge inventories effectively 

and correctly, reducing processing time and throughput. 

Real-time inventory tracking and monitoring improves 

demand forecasts, inventory management, and 

optimisation. ASRS systems create massive amounts of 

data that can be used with analytics tools to optimise 

processes and make decisions. ASRS systems have 

transformed warehouse operations by speeding storage and 

retrieval, reducing expenses, and improving customer 

satisfaction. Modern supply chain management gives 

organisations an edge in today's fast-paced and demanding 

industry.  

REFERENCES 

[1] Robert, Stahlbock., Stefan, Voß. (2007). Operations 

research at container terminals: a literature update. 

OR Spectrum, 30(1):1-52. doi: 10.1007/S00291-007-

0100-9 

[2] H. M. Hameed, A. T. Rashid and K. A. Al Amry, 

"Automatic Storage and Retrieval System using a 

Single Mobile Robot," 2020 International 

Conference on Electrical, Communication, and 

Computer Engineering (ICECCE), Istanbul, Turkey, 

2020, pp. 1-6, doi: 

10.1109/ICECCE49384.2020.9179180. 

[3] R. Gunawan, P. D. Chandra, Kusmadi, A. G. Azwar, 

Nurwathi and S. Risnanto, "Autonomous Vehicle 

Guided with RFID Position Detection for Warehouse 

Management System," 2022 16th International 

Conference on Telecommunication Systems, 

Services, and Applications (TSSA), Lombok, 

Indonesia, 2022, pp. 1-6, doi: 

10.1109/TSSA56819.2022.10063925. 

[4] M. M. Rashid, B. Kasemi and M. Rahman, "New 

Automated Storage and Retrieval System (ASRS) 

using wireless communications," 2011 4th 

International Conference on Mechatronics (ICOM), 

Kuala Lumpur, Malaysia, 2011, pp. 1-7, doi: 

10.1109/ICOM.2011.5937195. 

[5] L. Huimin, "Design and Implementation of the 

Automatic Sorting System Based on PLC," 2023 

IEEE 3rd International Conference on Power, 

Electronics and Computer Applications (ICPECA), 

Shenyang, China, 2023, pp. 467-471, doi: 

10.1109/ICPECA56706.2023.10075963. 

[6] L. Alboteanu, G. Manolea and F. Ravigan, 

"Automatic sorting and handling system," 2018 

International Conference on Applied and Theoretical 

Electricity (ICATE), Craiova, Romania, 2018, pp. 1-

5, doi: 10.1109/ICATE.2018.8551382. 

[7] S. A. Nissanka, M. A. J. R. Senevirathna and M. 

Dharmawardana, "IoT based automatic storing and 

retrieval system," 2016 Manufacturing & Industrial 

Engineering Symposium (MIES), Colombo, Sri 

Lanka, 2016, pp. 1-5, doi: 

10.1109/MIES.2016.7780259. 

[8] W. Wijaya, F. Syahroni, C. D. Mulyadi, W. Sani, A. 

Lukman and H. P. Nurba, "Two Axis Simple CNC 

Machines Based on Microcontroller and Motor 

Driver Shield IC L293D," 2020 14th International 

Conference on Telecommunication Systems, 

Services, and Applications (TSSA, Bandung, 

Indonesia, 2020, pp. 1-5, doi: 

10.1109/TSSA51342.2020.9310882. 

[9] Y. M. Hasan, L. F. Shakir and H. H. Naji, 

"Implementation and Manufacturing of a 3-Axes 

Plotter Machine by Arduino and CNC Shield," 2018 

International Conference on Engineering Technology 

and their Applications (IICETA), Al-Najaf, Iraq, 

2018, pp. 25-29, doi: 

10.1109/IICETA.2018.8458071. 

[10] A. A. Gusarova and S. V. Shilkina, "Modeling the 

Operation of the System in the CODESYS Software 

Environmentper," 2019 International Science and 

Technology Conference "EastConf", Vladivostok, 

Russia, 2019, pp. 1-6, doi: 

10.1109/EastConf.2019.8725346. 

[11] M. U. Anjum, U. S. Khan, W. S. Qureshi, A. Hamza 

and W. A. Khan, "Vision-Based Hybrid Detection 

For Pick And Place Application In Robotic 

Manipulators," 2023 International Conference on 

Robotics and Automation in Industry (ICRAI), 

Peshawar, Pakistan, 2023, pp. 1-5, doi: 

10.1109/ICRAI57502.2023.10089602. 

[12] M. A. Riyadi, N. Sudira, M. H. Hanif and A. 

Triwiyatno, "Design of pick and place robot with 

identification and classification object based on 

RFID using STM32VLDISCOVERY," 2017 

International Conference on Electrical Engineering 

and Computer Science (ICECOS), Palembang, 

Indonesia, 2017, pp. 171-176, doi: 

10.1109/ICECOS.2017.8167128. 

[13] S. Nair and V. Velivela, "1-D simulation and control 

of servo slide based pneumatic pick and place 

device," 2015 16th International Conference on 

Research and Education in Mechatronics (REM), 

Bochum, Germany, 2015, pp. 16-20, doi: 

10.1109/REM.2015.7380368. 

[14] R. Horatiu, B. Lidia-Cristina, R. Ionut-Cristian, B. P. 

F. Luminita, B. Nicu-George and P. Dorin, "HMI 

based multi-role Mechatronic Pick and Place 

Structure," 2019 29th Annual Conference of the 

European Association for Education in Electrical and 

Information Engineering (EAEEIE), Ruse, Bulgaria, 

2019, pp. 1-4, doi: 

10.1109/EAEEIE46886.2019.9000474. 

[15] S. Pradhan, K. Rajarajan and A. S. Shetty, "Analysis 

and Implementation of Dual Pick and Place 

Operation in Smart Manufacturing Domain," 2018 

Second International Conference on Electronics, 

Communication and Aerospace Technology 

(ICECA), Coimbatore, India, 2018, pp. 806-810, doi: 

10.1109/ICECA.2018.8474600. 

[16] G. Karer, "Student-Oriented PLC Implementation 

Using Raspberry Pi, PiFace Digital 2 and Codesys," 

2022 29th International Conference on Systems, 

Signals and Image Processing (IWSSIP), Sofia, 

Bulgaria, 2022, pp. 1-4, doi: 

10.1109/IWSSIP55020.2022.9854426. 

[17] S. Tamboli, M. Rawale, R. Thoraiet and S. Agashe, 

"Implementation of Modbus RTU and Modbus TCP 

communication using Siemens S7-1200 PLC for 



Muhamad Aiman Fikri Bin Mohd Fadzli et al. / ELEKTRIKA, 23(1), 2024, 88-95 

95 

batch process," 2015 International Conference on 

Smart Technologies and Management for 

Computing, Communication, Controls, Energy and 

Materials (ICSTM), Avadi, India, 2015, pp. 258-263, 

doi: 10.1109/ICSTM.2015.7225424. 

[18] "IEEE Standard for Ethernet," in IEEE Std 802.3-

2015 (Revision of IEEE Std 802.3-2012) , vol., no., 

pp.1-4017, 4 March 2016, doi: 

10.1109/IEEESTD.2016.7428776. 

[19] Traditional Modbus/TCP server-side protocol 

includes in many inappropriate blocking I/O 

operations. These operations frequently lead to 

receiving thread blockage in the communication. 

[20] F. H. Mohammad Khasasi, A. M. M. Ali and Z. Mohd 

Yusof, "Development of an Automated Storage and 

Retrieval System in dynamic industrial 

environment," 2015 International Conference on 

BioSignal Analysis, Processing and Systems 

(ICBAPS), Kuala Lumpur, Malaysia, 2015, pp. 57-

60, doi: 10.1109/ICBAPS.2015.7292218. 

 

 


