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ABSTRACT:  CNC machines are widely used in manufacturing, but their controllers are 

vulnerable to damage, which can render the entire machine inoperable. Repairing or replacing 

a damaged controller can be expensive and time-consuming, leading to significant downtime 

and lost productivity. This project aims to address these issues by developing a replacement 

controller for stepper motor-based CNC machines. The objective is to create a controller that 

can be easily installed and used to quickly restore machine operation in the event of controller 

damage, minimizing waste and lost productivity. The project utilizes a systematic approach, 

incorporating various key elements. An Arduino-based GRBL controller, known for its open-

source firmware, is chosen for seamless integration with the CNC machine's stepper motor 

drivers, enabling precise control over axis movement. To provide users with a user-friendly 

interface for machine control, g-code file loading, and status monitoring, a graphical user 

interface (GUI) is developed using C# Windows Forms. A Raspberry Pi serves as the 

machine's computer due to its affordability and powerful capabilities. Running the GUI and 

necessary software, the Raspberry Pi enhances user interaction through a connected touch 

screen. Additionally, a protective case is constructed to house all components, ensuring their 

safety and facilitating device transportation and setup. To enable remote monitoring and 

receive alerts, the device incorporates IoT monitoring using AWS. This feature adds 

convenience and functionality for users. Rigorous testing is conducted to ensure the 

replacement controller performs reliably as expected. The developed replacement controller 

achieves a high level of precision for most CNC machines, with repeatability within +/- 0.01 

mm for the X and Y axes and +/- 0.02 mm for the Z axis. 
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1. INTRODUCTION

In recent years, there has been a growing recognition of the environmental impact of our

lifestyle, leading to an increased awareness of the need to shift from consumerism to 

minimalism. In light of these considerations, it is worth exploring the retrofitting of existing 

machines using off-the-shelf components and simple control strategies. This project focuses on 

developing a controller implemented on the Arduino platform to repurpose an existing CNC 

machine for milling operations. By utilizing available hardware components and open-source 

GRBL software, non-functional machines can be revitalized. Numerous CNC machines are left 

idle due to major component failures like the controller or motors. As a result, these machines 

occupy valuable space and become wasted resources. However, the structural integrity of these 
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machines remains intact. This project aims to offer a sustainable solution by reducing electronic 

and industrial waste through straightforward retrofitting operations. 

The discussion in [1]  revolves around the use of GRBL (pronounced as gerbil), an open-

source high-performance software designed for controlling CNC machine motion. The 

software runs on ATmega328-based microcontrollers, and it effectively converts G-code 

instructions into corresponding motions. GRBL has been successfully employed in various 

CNC machines, allowing researchers to build advanced axis motion-based machines with 

motor control in a practical and seamless manner, resulting in high-performance CNC motions. 

Recent developments, such as an Arduino-based GRBL-powered CNC laser cutting 

machine [2] and low-cost CNC routers [3], further demonstrate the potential of GRBL in 

creating CNC machines. Several other researchers have also utilized GRBL in the development 

of CNC machines [4]–[7] . Kolla et al. [8]  proposed a methodology for retrofitting legacy 

machines by incorporating Industrial Internet of Things (IIoT) capabilities. Aebersold et al. [9] 

integrated IIoT systems into an existing industrial CNC machine, enabling control via mobile 

devices. Also GRBL based CNC system has also been utilized for mechanized rehabilitation 

system as well [10].  

Building upon the current research trends, this study aims to provide a cost-effective 

solution for CNC machines with damaged controllers. To the best of the authors’ knowledge 

no research has been carried out on the upgradation of the broken CNC system with the 

capability of IIoT based monitoring system. The objective is to develop a replacement 

controller that can be easily installed, thereby restoring the machine's functionality and 

promoting the reuse of otherwise discarded systems. Additionally, IIoT monitoring has been 

incorporated to enable remote monitoring of the machine's performance, enhancing overall 

efficiency. 

2. MATERIALS AND METHODS 

In this project, a replacement controller for stepper motor-based CNC machines was 

developed. The methodology employed several key elements to ensure the device's ease of 

installation, use, and upgrade. The first step involved utilizing an Arduino-based Grbl 

controller as the machine's control system. Subsequently, a Graphical User Interface (GUI) was 

developed using C# Windows Forms, simplifying machine control, g-code file loading, and 

status monitoring for users. A Raspberry Pi was employed as the machine's computer, 

providing a cost-effective and powerful platform for running the GUI and other software. To 

enhance user interaction and usability, a touch screen was connected to the Raspberry Pi, 

making the GUI more user-friendly. Additionally, a protective case was constructed to house 

all components, offering protection and facilitating device transportation and setup. The device 

was equipped with IoT monitoring using Amazon Web Service (AWS), enabling remote 

monitoring and receiving alerts in case of issues. Finally, comprehensive testing was conducted 

to ensure the device's expected functionality and reliability before its market release. 

The CNC machine in this project offers two distinct operating modes. The first mode, 

known as "Computer Connection Mode" (shown in Fig. 1), involves directly connecting the 

device to a computer. By establishing this connection, the computer becomes the primary 

control interface for the CNC machine. It enables the user to send G-code commands to the 

machine, controlling its movements with precision. Additionally, the computer provides the 

ability to make adjustments to the machine's settings and parameters, granting greater 

flexibility in customization. Operating the CNC machine in Computer Connection Mode offers 

several advantages. Firstly, the computer's processing power allows for the execution of 

8



IIUM Engineering Congress Proceedings, Vol. 1, No. 1, 2023 Abdulrahman and Saleh 
https://doi.org/10.31436/iiumecp.v1i1.2995 

 

 

complex programs and the performance of advanced operations. This means that intricate 

designs and intricate machining tasks can be achieved with ease. Furthermore, the user can 

benefit from the comprehensive control and monitoring capabilities offered by the computer, 

enabling real-time adjustments and ensuring optimal performance. In summary, Computer 

Connection Mode provides a versatile and powerful approach to operating the CNC machine. 

By connecting the device to a computer, users gain enhanced control, flexibility, and the ability 

to perform intricate machining tasks and advanced operations. 

 

Fig. 1. Computer Connection Mode 

The CNC machine in this project offers an alternative operating mode called "Onboard 

Interface Mode" (shown in Fig. 2). This mode allows users to operate the machine directly 

using the onboard computer and touch screen, eliminating the requirement for an external 

computer. Fig. 3 shows the developed onboard Raspberry PI based CNC controller. In Onboard 

Interface Mode, the machine's onboard computer and touch screen serve as a user-friendly 

interface for controlling the CNC machine and performing basic operations. This mode caters 

to users who prefer a streamlined and simplified approach to machine control. By utilizing the 

onboard computer and touch screen, users can conveniently navigate through menus, input 

commands, and adjust machine settings with ease. This approach offers several advantages. 

Firstly, it eliminates the need for an additional computer, reducing complexity and setup 

requirements. Users can simply power on the machine, access the onboard interface, and begin 

operating the CNC machine without any external dependencies. The touch screen provides an 

intuitive and user-friendly interaction, making it easy for both experienced and novice users to 

control the machine. Onboard Interface Mode is particularly well-suited for users who 

prioritize simplicity and efficiency. It offers a straightforward and accessible method of 

machine operation, allowing users to quickly perform basic operations and achieve their 

desired results without the need for advanced programming or complex setups. In summary, 

the Onboard Interface Mode provides a convenient and user-friendly alternative for operating 

the CNC machine. By utilizing the onboard computer and touch screen, users can enjoy a 

streamlined and intuitive experience, eliminating the need for an external computer and 

simplifying the control process. 

 

Fig. 2. Onboard Interface Mode 
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Fig. 3. Raspberry PI based onboard controller for the CNC system 

Both of the aforementioned modes involved integrating the CNC system with the AWS 

system through the HTTP protocol, enabling remote monitoring of the machine's status via 

the Industrial Internet of Things (IIoT). 

3. RESULTS AND DISCUSSIONS 

The primary goal of this project was to create a replacement controller with a user-friendly 

graphical user interface (GUI) specifically designed for stepper motor-based CNC machines. 

The intended purpose of the controller is to effectively replace any malfunctioning controllers 

and restore the functionality of the machines. By offering a cost-effective solution, the project 

aims to cater to numerous users who possess older machines and wish to sustain their 

operations without the need to purchase new ones. 

3.1.  Functionality test of the machine using onboard controller 

In order to evaluate the functionality of the modular controller, the CNC machine was 

connected to it, and all the necessary wiring was meticulously inspected to ensure proper 

connections, as illustrated in Fig.4. 

 

Fig. 4. Modular controller hosting the GUI to operate the CNC machine 
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The modular controller was found to be fully operational, effectively executing 

commands specified by the G-Code program. Additionally, the performance of the 

modular controller was assessed while integrating it with IoT monitoring through AWS. 

Data including machine status, run time, estimated time, percentage of completion, as 

well as machine and work positions, were diligently recorded and transmitted via the 

internet to the AWS DynamoDB database for real-time monitoring. The IIoT monitoring 

system utilizing AWS performed as expected and was also tested with a mobile phone, 

as depicted in Fig.5, allowing for remote monitoring and prompt alerts in case of any 

machine-related issues. During the testing phase, the controller exhibited overall 

performance that aligned with the anticipated outcomes, without any encountered issues 

or errors. These findings affirm the controller's ability to function as intended and fulfill 

the requirements of the CNC machine. 

 

Fig. 5. AWS IIOT Monitoring of the machine status via mobile device. 

3.2.  Functionality test of the machine using windows based graphical user interface (GUI) 

The CNC machine established a connection with the laptop's hosted GUI using a USB 

interface. The machine exhibited complete functionality comparable to that of the onboard 

controller. Furthermore, the IIoT system based on AWS performed according to expectations. 

Fig. 6 illustrates the laptop hosting the GUI responsible for controlling the machine, while Fig. 

7 presents a snapshot of the AWS database capturing real-time machine status through the 

utilization of standard IIoT protocols. 

 

Fig. 6. Laptop hosting the GUI to operate the CNC machine 
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Fig. 7. Snapshot of the AWS database storing various machine related information in 

realtime 

4. CONCLUSIONS 

In summary, this project has successfully achieved the development of a user-friendly 

replacement controller that efficiently restores the functionality of old CNC machines. The 

integration of a dual approach to operating the CNC machine enhances flexibility and 

convenience for operators, enabling them to select the method that aligns with their needs and 

skill level. Additionally, the device incorporates an innovative IoT monitoring feature utilizing 

AWS, enabling remote monitoring and real-time alerts in the event of any issues, thus 

enhancing safety and security. Thorough functionality tests were conducted for both the GUI 

from the laptop and the modular controller, yielding positive results as everything performed 

according to expectations. 
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