27 N3y
; =
%ﬁ" INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM)
W VOLUME: 07 ISSUE: 12 | DECEMBER - 2023 SJIF RATING: 8.176 ISSN: 2582-3930

2D Plotter

Harshavardhan Khare, Sagar H. Shahari,Tasmay T. Shah, Aadilnawaz P. Shaikh,

Suyash S. Sawant, Ritik A. Sayam, Marmik B. Shah.

Department of Engineering, Sciences and Humanities (DESH)

Vishwakarma Institute of Technology, Pune, 411037, Maharashtra, India

Abstract — This research paper investigates the functionality and
potential applications of a 2D plotter capable of drawing shapes and
lines at different angles. The study aims to explore the design,
mechanics, and software aspects of the plotter, highlighting its
ability to create precise geometric patterns and intricate artwork.
Through experimentation and analysis, the paper examines the
versatility and limitations of the machine, discussing its practical

applications, including art, design, engineering, and education. A
2D plotter typically consists of several key components, including
hardware components, drive systems, actuators, motors, and control
mechanisms.

Hardware Components:

implications and potential future developments 1. Frame: The frame provides structural support and stability
' to the plotter.
Keywords — 2D plotter, Shape drawing, Line drawing, Angled 2. Motors: NEMA 17 stepper motors are commonly used in
drawing, Precision 2D plotters for their precise positioning and control
capabilities.
3. Drive System: A drive system translates motor movement
. INTRODUCTION into the desired motion of the plotter's drawing tool, such
The use of 2D plotters in various fields, such as art, design, and 4 fc?uiigrg'rzgtttéltg?sbggﬂffol the vertical movement of the
engineering, has gained significant attention due to their ability ' drawin tbol allowing it to move up and down as reauired
to create precise geometric patterns and intricate artwork. By 5 Drawing To,ol' The ?jrawin toolpcan be a pen qenciI.
exploring the capabilities of a 2D plotter that can draw shapes ' markergor an .other device gca able of creatir? nlwa?ks on'
and lines at different angles, this research aims to contribute to 3 surfa(':e y P g
gzzeggdc?;s:jgﬁ I: ?n ;Jhit:; design, mechanics, and software 6. Surface: The gurface on which the_ pIoFter creates drawings
The primary objective of this research is to investigate the 7 Kjll?c:/c?crgna}[?gl;gﬁhgjc?;%agﬁ rr’nfiz:l:tr)cr)ltfc;r\lltlrr:))I/IIt’arc;r IE;\I:ZHAV\rIg:JIiSﬁo
functionality and potential applications of a 2D plotter ' Uno or similar. devices are often used to control the
equipped with NEMA 17 stepper motors, microstep drivers, | ,
and an Arduino Uno microcontroller. The study aims to 8 gofttersrpO\F/)ements. . | like C/C q
explore the design and mechanics of the plotter, focusing on its ' I'g tV\{are.I_k ro%ran;méng alrglzjages dl € | r an
ability to draw shapes and lines at various angles with high lbraries like the rauino provide a platform to
precision. develop c_ont(ol falgorlthrr_]s for the plotter. _
Understanding the capabilities and limitations of a 2D plotter 9. C(_)mmumcatlon. The mlcroco_ntroller can communlcgte
with angled drawing functionality has significant implications \.N'th a compt:jter for dothe_r input devices 1o receive
for multiple disciplines. This research will provide insights into 10 g;’g#dﬁzggsgrst:?_ zrcc:g\:\gir:%te svstem is established to
the practical implications and potential applications of such a ' define the g/sition. of the drawiny 100l on the drawin
machine, thereby facilitating advancements in art, design, surface P g g
engineering, education, and industrial automation. 11. Line Drawing Algorithms: Various algorithms, such as
m METHODOLOGY/EXPERIMENTAL Bresenham's line _algorith_m, can be implemented to
' generate accurate lines at different angles.
2D plotters are mechanical devices that use precision motors 12. Shape Generation Techniques: The plotter can generate

and control systems to create two-dimensional drawings on
various surfaces. They are widely used in a range of

shapes, including circles, polygons, and curves, by
combining multiple lines and arcs.
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13. Angles and Rotation: By controlling the movement of
the motors, the plotter can draw lines and shapes at
different angles and orientations.

14. Programming: The plotter's control software utilizes
programming languages and libraries to process input
instructions and convert them into motor movements.

15. Motor Control: Microstep drivers are used to control
the stepper motors’ movements, enabling precise
positioning and control of the drawing tool.

16. Calibration: The plotter may require calibration to
ensure accurate drawing and alignment with the
coordinate system.

Programming in Arduino IDE:

The Arduino Integrated Development Environment (IDE) is a
popular software platform for programming microcontrollers
like the Arduino Uno, which is commonly used in 2D plotters.
The Arduino IDE provides a user-friendly interface for writing,
compiling, and uploading code to the microcontroller.

Libraries and APIs:

The Arduino IDE supports various libraries and APIs that
simplify the development process for controlling a 2D plotter.
These libraries provide pre-written functions and code snippets
that handle low-level tasks, such as motor control, coordinate
transformations, and line drawing algorithms. Libraries like
AccelStepper and Stepper allow easy control of stepper
motors, while math libraries enable mathematical calculations
and transformations.

Coordinate Systems and Transformations:

To accurately position the drawing tool on the surface, a
coordinate system is established. Typically, a Cartesian
coordinate system is used, where the X and Y axes define the
horizontal and vertical positions. Transformations, such as
translation, rotation, and scaling, can be applied to convert
coordinates from the software space to the physical space of
the plotter.

Motor Control and Step Sequencing:

The Arduino IDE enables precise control of stepper motors
through microstep drivers. The code sends step signals to the
motors to rotate them in small increments, allowing smooth
movement and accurate positioning of the drawing tool. Step
sequencing algorithms, like full-step, half-step, or
microstepping, determine the number and sequence of steps
required to move the motors to specific positions.

Drawing Algorithms:

Drawing lines at various angles requires the implementation of
line drawing algorithms in the code. Bresenham's line
algorithm is commonly used in 2D plotters as it efficiently
generates accurate lines by incrementally adjusting the
position of the drawing tool.

Input and Output:

The Arduino IDE facilitates communication between the plotter and
external devices. Input can be received from sensors, switches, or a
computer, allowing the plotter to respond to user commands or
environmental factors. Output can include status indicators,
feedback signals, or data transmission to other devices or software.

Calibration and Error Correction:

Calibrating the plotter is an important step to ensure accurate
drawing. This may involve adjusting parameters such as motor
steps per unit distance, acceleration, or maximum speed to achieve
precise movements. Error correction techniques, such as
implementing feedback mechanisms or compensating for
mechanical inaccuracies, can enhance the plotter's accuracy.

By leveraging the capabilities of the Arduino IDE and relevant
libraries, you can write code to control the stepper motors, calculate
precise movements, and implement drawing algorithms, allowing
your 2D plotter to accurately draw shapes and lines at various
angles.

Applications:

1. Artand Design: 2D plotters are used in artistic and
creative applications, allowing artists to create intricate
designs, patterns, and illustrations.

2. Engineering and Architecture: Plotters can assist in
generating technical drawings, blueprints, and
architectural plans with high precision.

3. Education and STEM: Plotters provide a hands-on
learning tool for teaching geometry, programming, and
spatial reasoning to students.

4. Industrial Automation: In certain industries, plotters are
used for automated processes such as cutting, engraving,
or labeling.

Understanding the components and mechanisms of a 2D plotter
with angled drawing capabilities is crucial for harnessing its
potential and exploring its limitations in various fields.

11, RESULTS AND DISCUSSIONS

The experimental phase of the research focused on testing the
capabilities of the 2D plotter equipped with NEMA 17 stepper
motors, microstep drivers, and an Arduino Uno microcontroller.
Basic geometric shapes and lines were successfully drawn with a
high degree of precision and accuracy. The plotter demonstrated the
ability to replicate shapes such as squares, triangles, circles, and
polygons, as well as straight lines at various angles.

The successful drawing of basic geometric shapes and lines
indicates that the mechanical components, such as the stepper
motors and drive systems, are functioning as intended. The use of
microstep drivers and precise control algorithms allowed for
smooth and accurate movements of the drawing tool.

Replicating human handwriting presents a more complex challenge
due to the intricate nature of handwriting and the variations between
individuals. While the current implementation has demonstrated

© 2023,IJSREM | www.ijsrem.com

| Page 2


http://www.ijsrem.com/

_g’ \ggﬁ

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM)

%;REM
W VOLUME: 07 ISSUE: 12 | DECEMBER - 2023

SJIF RATING: 8.176 ISSN: 2582-3930

precise drawing capabilities, replicating human handwriting
involves capturing and mimicking the subtle nuances and
variations in stroke width, letter shapes, and letter connections.

To achieve the goal of replicating human handwriting, future
implementations should consider the following aspects:

Stroke Generation: Developing algorithms to simulate the
natural flow of handwriting by generating continuous, curved
strokes rather than straight lines. This requires analyzing and
replicating the patterns of human penmanship.

Character  Recognition: Integrating optical character
recognition (OCR) techniques to analyze and interpret human
handwriting. This would involve training the system with a
dataset of handwriting samples and using machine learning
algorithms to recognize and reproduce specific handwriting
styles.

Natural Letter Connections: Enhancing the code to enable the
plotter to fluidly connect individual letters, replicating the
cursive or joined style of handwriting.

Iterative Refinement: Continuously refining and improving the
code by incorporating user feedback and iterative testing. This
will help to enhance the accuracy and realism of the replicated
handwriting.

Replicating human handwriting poses exciting challenges that
lie at the intersection of programming, artificial intelligence,
and fine motor control. Further research and development are
required to achieve the desired level of fidelity in replicating
diverse styles of human handwriting using the 2D plotter.

V. FUTURE SCOPE

Advanced Handwriting Replication:

The future scope of the research involves advancing the code
and algorithms to achieve more accurate and realistic
replication of human handwriting. This can include further
refinement of stroke generation techniques, variable stroke
width control, and improved character recognition algorithms.
Leveraging advancements in machine learning and artificial
intelligence, the plotter can be trained on larger datasets of
handwriting samples to enhance its ability to mimic different
handwriting styles.

Integration with Natural Language Processing:

Expanding the capabilities of the plotter to not only replicate
handwriting but also generate handwritten text based on input
from natural language processing techniques is another
exciting direction for future research. By integrating with
language models and text generation algorithms, the plotter
could generate handwritten letters, notes, or even full
paragraphs based on text input.

Enhanced Human-Computer Interaction;

Exploring ways to improve the interaction between the plotter and
users can open up new possibilities. This could involve integrating
touch screens, voice commands, or gesture recognition to provide
more intuitive and user-friendly control interfaces. Such
enhancements can facilitate real-time adjustments to the
handwriting replication process, allowing users to provide feedback
and guide the plotter's output.

Multi-Color and Multi-Material Support:

Expanding the capabilities of the plotter to work with multiple
colors or materials can add depth and richness to the drawings.
Incorporating mechanisms for color changes or using specialized
tools for different materials (e.g., pens, markers, brushes) would
enable the plotter to create more visually appealing and diverse
artwork.

Collaboration and Networking:

Enabling collaboration between multiple plotters through
networking capabilities would allow for shared artwork creation
and remote operation. This opens up possibilities for collaborative
art projects, educational activities, or even real-time artistic
performances involving multiple plotter systems.

Integration with External Sensors:

Integrating external sensors, such as pressure sensors or force
feedback devices, could provide the plotter with a sense of touch.
This would enable more precise control over stroke width and
pressure during handwriting replication, resulting in even more
realistic output.

3D Plotting and Sculpting:

Expanding the plotter's capabilities beyond 2D surfaces to include
3D plotting and sculpting opens up new avenues for artistic
expression and prototyping. By incorporating additional axes and
mechanisms, the plotter could create intricate 3D designs and
sculptures.

Continued research and development in these areas will enhance the
versatility, accuracy, and creative potential of the 2D plotter. The
future scope of the research is focused on pushing the boundaries
of what the plotter can achieve and exploring new applications in
various domains, including art, design, education, and beyond.

V. CONCLUSION

In conclusion, this research has explored the capabilities of a 2D
plotter equipped with NEMA 17 stepper motors, microstep drivers,
and an Arduino Uno microcontroller. The successful
implementation of the plotter has demonstrated its ability to draw
basic geometric shapes and lines with high precision and accuracy.
However, replicating human handwriting poses a more complex
challenge that requires further development and refinement of the
code and algorithms.
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The future scope of the research involves advancing the [6] R. Krishnan, "Selection criteria for servo motor

plotter's capabilities in replicating human handwriting by drives," Industry Applications, IEEE
focusing on stroke generation, variable stroke width control, Transactions on, pp. 270-275, 1987.
character recognition, natural letter connections, and iterative [7]1R. D. Bloom, J. V. Gac, and E. T. Kozol,
refinement. Leveraging advancements in machine learning, "Programmable servo motor speed control
artificial intelligence, and fine motor control will contribute to apparatus,” ed: Google Patents, 1987.
achieving more accurate and realistic handwriting replication. [8] H.-K. Park, S.-S. Kim, J.-M. Park, T.-Y. Cho,

and D. Hong, "Dynamics of dual-drive servo
mechanism,” in Industrial Economics, 2001.
Proceedings. ISIE 2001. IEEE International
Symposium pp.1996-2000.

[9] M. Iri, K. Murota, and S. Matsui, "An
approximate solution for the problem of
optimizing the plotter pen movement,” in System
Modelling and Optimization, ed: Springer, 1982,

Additionally, future research directions include integrating
the plotter with natural language processing techniques,
enhancing human-computer interaction through touchscreens
or voice commands, supporting multi-color and multi-material
capabilities, enabling collaboration and networking,
integrating external sensors for touch feedback, and expanding

into 3D plotting and sculpting. pp. 572-580.
[10]G. Ghiani, D. Lagana, and R. Musmanno, "A
The 2D pIOtter holds Significant pOtentiaI in various fields, constructive heuristic for the undirected rural
including art, design, engineering, education, and industrial postman problem,” Computers and Operational
automation. Its precise drawing capabilities and the possibility Research, vol. 33, pp. 3450-3457, 2006.
of replicating human handwriting offer opportunities for [11]S.-J. Shin, S.-H. Suh, and I. Stroud,
artistic expression, prototyping, educational activities, and "Reincarnation of G-code based part programs
industrial applications. into STEP-NC for turning applications,”
Computer-Aided Design, vol. 39, pp. 1-16, 2007.
In conclusion, this research serves as a foundation for [12]S. Gordon and M. T. Hillery, "Development of a
exploring and advancing the capabilities of the 2D plotter, high-speed CNC cutting machine using linear
paving the way for further innovation and creative possibilities. motors,” Journal of Materials Processing
Continued research and development will contribute to Technology, vol. 166, pp. 321-329, 2005.

[13]D. Moreton and R. Durnford, "Threedimensional tool
compensation for a threeaxis

turning centre," The International Journal of

Advanced Manufacturing Technology, vol. 15,

pp. 649-654, 1999.

unlocking the full potential of this machine, making it a
valuable tool in various domains and stimulating
advancements in technology and creativity.
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