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Abstract — This project outlines the construction of an affordable Arduino-based CNC Plotter, responding to the
increasing demand for low-cost computer numerical control (CNC) plotter machines in educational settings. The
proposed CNC Plotter is designed to accurately and efficiently draw 2D diagrams and images on small-sized paper.
Utilizing simple algorithms and readily available components, the "CNC PLOTTER" employs a three-axis system,
integrating stepper motors, an Arduino microcontroller, and motor control software.

The workflow involves converting image or text files into G-code using Inkscape software, which is then fed into the
machine through processing software. The control device for this project is an Arduino Uno, orchestrating the plotting
process on paper through mechanical arrangements. Emphasizing cost-effectiveness, this project aims to provide a
solution for educational institutions and laboratories seeking an accessible CNC plotter solution. The design focuses on
creating a low-cost, open-structure CNC plotter of small or medium size.
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|. Introduction CNC plotter machines. The three-axis CNC plotter

In the realm of technological advancement, Computer
Numerical Control (CNC) plotter machines have become
increasingly indispensable, particularly in educational
institutions and laboratories. This paper introduces an
innovative project focused on the development of a low-cost
Arduino-based CNC Plotter. The growing demand for
accessible CNC technology has spurred the creation of an
affordable model designed to draw 2D diagrams and images
on small-sized paper with precision and efficiency.

The "CNC PLOTTER" project is a response to the need for
cost-effective solutions, especially in educational settings. By
leveraging simple algorithms and readily available
components, this initiative seeks to democratize the use of

Vol.11, No.1, 2023, DOI- 10.18486/ijcsnt.2023.11.1.16

incorporates stepper motors, an Arduino microcontroller, and
motor control software, offering a practical and economical
alternative for institutions with budget constraints.

The workflow involves converting image or text files into G-
code using Inkscape software, followed by inputting the
generated code into the CNC plotter through processing
software. The control device, an Arduino Uno, orchestrates
the entire process, allowing for the accurate portrayal of
images on paper through mechanical arrangements.

This introduction sets the stage for exploring the intricacies
of the "CNC PLOTTER" project, emphasizing its potential to
revolutionize access to CNC technology in educational and
laboratory environments.
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I1. Problem Statement

The widespread adoption of Computer Numerical
Control (CNC) plotter machines in educational institutions is
impeded by the prohibitive costs associated with existing
technologies. Current market offerings are financially
inaccessible, creating a significant barrier for institutions with
constrained budgets. Additionally, the complexity of many
CNC plotter systems poses a challenge for novice users,
limiting their potential impact in educational settings.

Challenges:

e Financial Barriers: Existing CNC plotter
technologies come with a substantial financial
burden, rendering them inaccessible to many
educational institutions operating within constrained
budgets.

e Complexity and Learning Curve: The intricate
nature of conventional CNC plotter systems poses a
significant challenge for users, particularly those
new to the technology. The steep learning curve
associated with these systems impedes efficient
utilization in educational environments.

e Limited Educational Access: The lack of
affordable and user-friendly CNC plotter solutions
tailored for educational settings restricts students'
and educators' access to these valuable tools,
limiting their potential to enhance learning
experiences.

e Technology Accessibility: The absence of cost-
effective CNC plotter options prevents educational
institutions from harnessing the benefits of CNC
technology for practical applications, restricting
students’ exposure to advanced manufacturing
processes.

This initiative develops a cost-effective Arduino-
based CNC plotter to overcome financial constraints and
simplify operational complexity. By enhancing accessibility,
the project seeks to seamlessly integrate CNC plotter
technology into educational curricula, providing students
with practical, hands-on experiences in digital fabrication and
design.

Objectives:
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These objectives collectively aim to democratize
access to CNC plotter technology in educational settings,
promoting inclusivity and hands-on learning in advanced
manufacturing processes.The system aims to:

* Affordability: Develop a low-cost Arduino-based
CNC plotter, breaking down financial barriers and
enabling budget-constrained educational institutions
to integrate CNC technology.

% Simplicity and User-Friendliness: Create an
accessible CNC plotter with simplified algorithms,
ensuring user-friendly interfaces to bridge the skill
gap and appeal to a wider user base.

% Educational Integration: Facilitate seamless
integration into educational curricula by tailoring
the CNC plotter for classrooms, accompanied by
dedicated resources for both teachers and students.

% Practical Application: Empower students with
hands-on learning experiences through a CNC
plotter that efficiently translates digital designs into
tangible outputs, fostering practical skills in digital
fabrication and design.

By addressing these objectives, the proposed CNC
plotter technology System seeks to provide a more efficient,
reliable, and user-friendly solution.

I11. Working Principle

The low-cost Arduino-based CNC plotter operates
on a straightforward yet effective principle, seamlessly
translating digital designs into tangible outputs. The key
components and the working principle are as follows:

1. Hardware Setup:
e The CNC plotter consists of three stepper motors, an

Arduino microcontroller, a mechanism for pen
movement, and a processing platform.

e  Stepper motors control the movement along the X,
Y, and Z axes, allowing precise positioning of the
pen.

e The Arduino Uno serves as the control unit,
interpreting G-code instructions and orchestrating
the movements of the stepper motors.

2. G-code Generation:

e The user creates a digital design or text using design

software, such as Inkscape.
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e The design is then converted into G-code, a set of
instructions that dictates the movements of the CNC
plotter.

3. G-code Interpretation:

e The Arduino Uno interprets the G-code and directs
the stepper motors to move the pen accordingly.

e G-code includes commands for pen up/down,
movement along the X and Y axes, and Z-axis
adjustments, allowing precise control over the
plotting process.

4. Pen Movement:

e The pen is attached to a mechanism controlled by
the stepper motors. When the pen is lowered onto
the plotting surface, it makes contact, and when
raised, it is lifted off the surface.

e The combined movements along the X and Y axes,
controlled by the stepper motors, enable the CNC
plotter to accurately reproduce the digital design on

paper.

5. Processing Platform:

e Processing software on the Arduino Uno processes
the G-code instructions in real-time, ensuring
synchronized and precise movements of the pen.

e The user-friendly interface facilitates ease of
operation and allows educational integration by
providing a practical tool for students and educators.

Through this working principle, the CNC plotter
offers an accessible and hands-on way to engage with digital
fabrication and design, making CNC technology more
feasible and user-friendly in educational environments.

IV. Design Considerations
When designing a low-cost Arduino-based CNC
plotter, several key considerations contribute to the project's
success. Here are design considerations to keep in mind:
1. Cost-Effectiveness:

e Prioritize the selection of affordable components to
ensure the overall cost remains low.
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e  Optimize the design for efficient material usage and
manufacturing processes to minimize production
expenses.

2. Open Source and Accessibility:
e Embrace an open-source philosophy to encourage
collaboration and community involvement.
e Provide detailed documentation and resources to
make the design accessible to a broad audience.

3. Modularity:

e Design the CNC plotter with a modular structure,
allowing for easy assembly, disassembly, and
component replacement.

e Modular design enhances scalability and facilitates
future upgrades or modifications.

4. Ease of Assembly:

e Ensure that the assembly process is straightforward,
even for individuals with minimal technical
expertise.

e Use commonly available tools and components to
simplify the assembly requirements.

5. User-Friendly Interface:
e Develop an intuitive user interface for both the
hardware and software components.
e Prioritize simplicity in operation to cater to users
with varying technical backgrounds, including
educators and students.
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6. Scalability:

e Design the CNC nplotter to be scalable,
accommodating variations in size and capability to
suit different educational needs.

e Consider the potential for future upgrades or
adaptations to meet evolving requirements.

7. Energy Efficiency:
e  Optimize the power consumption of the CNC plotter
to ensure energy efficiency.
e Implement sleep modes or power-saving features to
conserve energy during periods of inactivity.

8. Safety Measures:
e Incorporate safety features to prevent accidents,
especially in educational settings.
e Consider mechanisms for emergency stop functions
and protective enclosures where necessary.

9. Materials and Durability:
e  Select materials that balance cost-effectiveness with
durability.
e Prioritize the use of readily available materials
without compromising the structural integrity of the
CNC plotter.

10. Educational Integration:
e Align the design with educational objectives by
providing resources for teachers and students.
e Ensure that the CNC plotter can be easily integrated
into educational curricula, enhancing the learning
experience.

11. Adaptability:
e Design the CNC plotter to be adaptable to different
environments and use cases.
e Consider the potential for customization based on

specific educational requirements or applications.
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By carefully considering these design aspects, the
resulting Arduino-based CNC plotter can effectively address
the identified challenges and objectives, promoting
accessibility and practical application in educational settings.

V Proposed Model

VI Programming

Circuit Connection:
- Connect stepper motors to Arduino for precise
control over X, Y, and Z axes in the CNC plotter.

- Enable bidirectional communication by connecting
GSM module TX to Arduino RX and vice versa.

- Connect LED and buzzer to Arduino for visual and
audible alerts during CNC plotting.
Arduino Sketch (Code):

#include <AccelStepper.h>
#include <Servo.h>

/I Define stepper motor pins
#define X_STEP_PIN 2
#define X_DIR_PIN 3
#define Y_STEP_PIN 4
#define Y_DIR_PIN 5
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/I Define servo motor pin
#define SERVO_PIN 9

/I Define steps per revolution for stepper motors
#define STEPS_PER_REV 200

/I Create stepper motor objects

AccelStepper stepperX(AccelStepper::DRIVER,
X_STEP_PIN, X_DIR_PIN);

AccelStepper stepperY (AccelStepper::DRIVER,
Y_STEP_PIN, Y_DIR_PIN);

/I Create servo motor object
Servo servo;

void setup() {
/I Set up the stepper motor parameters
stepperX.setMaxSpeed(1000); // Set the maximum speed
(adjust as needed)
stepperX.setAcceleration(500);
(adjust as needed)
stepperY .setMaxSpeed(1000);
stepperY .setAcceleration(500);

/I Set the acceleration

/I Attach the servo to the servo pin
servo.attach(SERVO_PIN);

}

void loop() {
/I Move the servo to a certain position (0-180 degrees)
int servoPosition = 90; // Adjust as needed
servo.write(servoPosition);

/I Move the stepper motors to a specific position (in steps)
long targetX = 2000; // Adjust as needed
long targetY = 1500; // Adjust as needed

stepperX.moveTo(targetX);
stepperY.moveTo(targetY);

/I Run the stepper motors until they reach the target position
while (stepperX.isRunning() || stepperY.isRunning()) {
stepperX.run();
stepperY.run();

}

/I Delay for a moment before the next move
delay(1000); // Adjust as needed
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}

Note:

-> Modify the “setMaxSpeed” and “setAcceleration”
values in the setup function based on your CNC
plotter's motor specifications to ensure optimal
performance.

-> Adapt the values of “servoPosition, targetX, and
targetY” in the “loop” function to customize the
servo motor position and the target positions for the
X and Y stepper motors, aligning them with your
CNC plotter's design and requirements.

Important:
* Install a reliable emergency stop mechanism for
immediate halting in unforeseen situations.
* Maintain a clutter-free and secure workspace,
keeping hands and materials away from moving
parts.

VIl Advantages

1. Precision and Accuracy: CNC plotters offer high
precision and accuracy in drawing or plotting, ensuring
intricate details and consistent results that may be challenging
to achieve manually.

2.Automation and Efficiency: Automation of the plotting
process reduces the need for manual intervention, increasing
efficiency and allowing for the production of complex
designs with minimal operator involvement.

3.Repeatability: CNC plotters can replicate designs with
remarkable consistency, making them ideal for tasks
requiring multiple copies of the same pattern or intricate
artwork.

4. Versatility: These machines can work with a variety of
materials, including paper, cardboard, fabric, and thin
plastics, making them versatile for a range of applications in
design, prototyping, and art.

5. Time Savings: CNC plotters can complete intricate
designs at a faster rate than manual methods, saving time and
enabling quicker turnaround for projects.
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6. Complex Geometries: They can handle complex
geometric shapes and intricate patterns, providing the
flexibility to create sophisticated designs that might be
challenging or time-consuming manually.

7. Ease of Reprogramming: Changes in design or pattern
can be easily accommodated by reprogramming the CNC
plotter, allowing for quick adjustments without the need for
extensive retooling.

8. Consistent Quality: The automated nature of CNC
plotting ensures a consistent level of quality across multiple
copies, reducing the likelihood of errors associated with
manual work.

9. Scalability: CNC plotters can be scaled for various sizes,
accommodating both small and large-format designs, making
them suitable for diverse applications.

10. Integration with Design Software: Integration with
design software allows for seamless translation of digital
designs into plotted outputs, facilitating efficient workflows
and minimizing errors.

These advantages make CNC plotters valuable
tools in industries ranging from design and prototyping to
manufacturing and art, offering efficiency, precision, and
versatility in the creation of intricate patterns and designs.

V111 Disadvantages

While CNC (Computer Numerical Control) plotters
offer various advantages, they also come with certain
disadvantages. Here are some common drawbacks
associated with CNC plotters:

1. High Initial Cost:The initial investment in CNC plotting
equipment can be relatively high, making it a significant
barrier for small businesses or individuals with limited
budgets.

2. Complexity of Operation: Operating and programming
CNC plotters may require specialized skills and knowledge,
and there can be a learning curve for users who are new to the
technology.

3. Maintenance Costs: Maintenance and repair costs for
CNC plotters can be substantial. Regular servicing, software
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updates, and potential hardware replacements contribute to
ongoing expenses.

4. Limited Material Compatibility: CNC plotters may have
limitations regarding the types and thicknesses of materials
they can effectively work with, restricting their suitability for
certain applications.

5. Space Requirements: CNC plotting machines can be
large and require dedicated space. Small workshops or home-
based operations may face challenges accommodating these
machines.

6. Dependency on Software: CNC plotters heavily depend
on software for programming and control. Compatibility
issues, software updates, or the discontinuation of software
can affect machine functionality.

7. Noise and Vibration: CNC plotters can produce noise and
vibrations during operation, which may be disruptive in
certain environments. Additional measures may be needed to
minimize these effects.

8. Complex Setup: The setup process for CNC plotters,
including calibration and configuring parameters, can be
intricate and time-consuming, potentially leading to
production delays.

9. Limited Z-Axis Capability: Some CNC plotters may have
limitations in their Z-axis movement, restricting their ability
to work with three-dimensional objects or materials with
varying thickness.

10. Risk of Programming Errors: Programming errors can
lead to incorrect plotting or cutting, potentially resulting in
wasted materials and the need for rework.

Understanding these disadvantages allows potential
users to make informed decisions based on their specific
needs and constraints. Despite these drawbacks, the
advantages of CNC plotters often outweigh the challenges in
many applications.
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IX Applications:

CNC (Computer Numerical Control) plotters find
diverse applications across various industries due to their
precision and versatility. Here are some common
applications:

1. Architectural and Engineering Design:

e CNC plotters are used to create detailed architectural
drawings, engineering schematics, and blueprints
with high precision, aiding in the visualization of
complex designs.

2. Art and Design:

e Artists and designers utilize CNC plotters to
produce intricate and detailed artwork, including
sketches, illustrations, and patterns, often adding a
level of precision that may be challenging to achieve
manually.

3. Fabric and Apparel Industry:

e CNC plotters cut patterns and templates for fabric
and textiles in the garment industry, streamlining the
production process and ensuring accuracy in the
cutting of various materials.

4. Prototyping and Model Making:

e Inproduct development, CNC plotters are employed
to create prototypes and detailed models, allowing
designers and engineers to test and refine their
concepts before moving to full-scale production.

5. Signage and Graphics:

e CNC plotters are commonly used for creating
intricate signage, logos, and graphics on materials
such as vinyl, foam, or wood, offering precision and
consistency in the production of promotional
materials.

6. Educational Purposes:

e Ineducational institutions, CNC plotters are used to
teach students about digital fabrication, design, and
automation. They provide hands-on experience in
turning digital designs into physical outputs.

7. Packaging Industry:

e CNC plotters contribute to the production of
customized and precision-cut packaging materials,
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ensuring a perfect fit for various products and
minimizing waste.

8. Electronics and PCB Manufacturing:

e CNC plotters are used for creating printed circuit
boards (PCBs), cutting traces and outlines with high
precision in electronics manufacturing.

9. Automotive Design:

e CNC plotters play a role in automotive design for
creating scaled-down models, patterns, and
templates used in the development of new vehicle
designs and components.

10. Mapmaking and Cartography:

e The precision of CNC plotters is valuable in map
making, where detailed and accurate maps can be
produced for geographic analysis and navigation
purposes.

11. DIY and Maker Projects:

e Enthusiasts and hobbyists use CNC plotters for a
variety of do-it-yourself projects, including laser
engraving, vinyl cutting, and creating custom
artwork.

12. Aerospace Engineering:

e CNC plotters assist in the production of templates
and components for aerospace engineering, where
precision and repeatability are crucial in
manufacturing aircraft parts.

13. Medical Modeling:
e CNC plotters are employed to create precise models
of anatomical structures for medical education and
surgical planning.

14. Marine Industry:

e CNC plotters are involved in the production of
templates and patterns for boat and ship
components, contributing to the precision and
efficiency of manufacturing processes.

15. Foam Cutting for Packaging and Insulation:
e CNC plotters cut foam materials with precision,
serving applications in packaging inserts, insulation,
and other foam-based products.

These applications highlight the adaptability of
CNC plotters in transforming digital designs into physical
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forms across various industries, contributing to efficiency,
accuracy, and innovation.

X Conclusion

In conclusion, CNC (Computer Numerical Control)
plotters stand as indispensable tools across a wide spectrum
of industries, offering a blend of precision, versatility, and
efficiency. The applications of CNC plotters span from
traditional domains like architecture and engineering to
emerging fields such as medical modeling and DIY projects.
The ability to convert digital designs into tangible, accurate
outputs has positioned CNC plotters as key players in modern
manufacturing, design, and prototyping.

The advantages of CNC plotters, including high
precision, repeatability, and the ability to handle complex
geometries, make them instrumental in streamlining
processes and enhancing the quality of output. From the
creation of detailed artwork to the production of intricate
patterns for various materials, CNC plotters contribute to the

realization of innovative ideas with consistency and
reliability.
However, it's essential to acknowledge the

associated challenges, such as the initial cost of investment,
complexity of operation, and maintenance requirements.
Users must strike a balance between these considerations and
the benefits offered by CNC plotters.

As technology advances, CNC plotters continue to
evolve, opening new possibilities in fields such as aerospace,
medical modeling, and even in the creation of educational
materials. The ongoing integration of CNC plotting
technology into various industries underscores its
significance in shaping the way we design, prototype, and
manufacture.

In essence, CNC plotters exemplify a convergence
of digital design and precision machining, providing a bridge
between the virtual and physical realms. Their multifaceted
applications and continual advancements affirm their pivotal
role in driving innovation and efficiency across diverse
sectors.
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