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Abstract 
The paper presents the design and making of a Computer Numerically Controlled 

(CNC) pen plotter to realize very high precision levels in graphic design and 
drafting. Specifically, this system integrates an ATmega328p microcontroller with 
A4988 stepper motor drivers and advanced software tools like Inkscape and 

Universal Gcode Sender. Thorough testing showed that the CNC plotter could attain 
a positional error margin of ±0.1 mm, thus proving its precision. Comparative 

studies with commercial plotters showed our plotter to be highly versatile and cost-
effective, competitive in precision. The results returned from testing the system for 

plotting complex designs with details on different materials proved to be workable 
in a solution for professional and amateur applications. Further improvements could 

be made by increasing speed, implementing AI for real-time error correction, and 
broadening functionality to support multi-color plotting and 3D printing. These 

findings show how, with the CNC pen plotter, there is very great potential for 
completely redesigning the working scheme in graphic design and drafting 

processes. 
Keywords: CNC, pen plotter, ATmega328p, CAD, microcontroller, automation 
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Introduction 

The ability to have a computer programmed has brought a new era in the 
manufacturing world along with the shape of a design. The idea of modern NC 

(Numerical Control), which was the predecessor form of today's numerically 
controlled machine tools, was developed somewhere around the year 1947, in the 
Rotary Wing Branch of the Propeller Lab, Wright-Patterson Air Force Base, Dayton, 

Ohio, by engineers named John T. Parsons, and Frank L. Stule. They developed a 
system to manufacture a template for the helicopter blades. They used an IBM 602A 

multiplier to compute the coordinates of the airfoil by feeding their data points 
directly into a Swiss jig-borer. Their system attracted the liking of their USAF 

research colleagues [1]. 
Parsons and Stulen further developed a computerized, punch-card program to render 

complex 3-D shapes, leading Parsons to start Parson Corporation. In 1948, Parsons 
was awarded a contract by the US Air Force to create new and innovative wing 

designs for military applications, leading to the construction of the very first 
numerically controlled machine prototype at the Massachusetts Institute of 

Technology (MIT) Servomechanisms Laboratory [2]. 
By 1953, enough data had been culled to suggest practical aeronautic applications, 
and the CNC prototype became the de facto model for all successive developments. 

In 1958, MIT developed G-code, the most universally used operating language for 
CNC devices. The Electronic Industry Alliance (EIA) standardized G-code in the 

early 1960s, leading to the widespread adoption of CNC technology in various 
industries [3]. 

The CNC plotters were first introduced during the 1980s and 1990s. During that time 
frame, these plotters were primarily used for accurate technical drawings and 

designs. With continuous improvement in technology, today's CNC plotters are 
becoming more diversified, available, and capable of producing difficult designs on 

varied materials. In modern times, CNC plotters are being used in several businesses 
related to architecture, engineering, and graphic designs [4].  

CNC machines automate better, provide continuous production of workpieces that 
are accurate, and offer flexibility in manufacturing. Motion control is the heart of 

any CNC machine; it is usually attained by programmed commands directing 
movements of the machine precisely along defined axes [5]. 
This paper aims to design, develop, and implement a new CNC pen plotter; to be of 

high precision and versatile in graphic design and drafting applications. It also 
compares the performance of the developed plotter against commercial plotters and 

proposes possible future improvements. 
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Design and Implementation 
 

System Overview: The CNC pen plotter consists of electronic components and 

software to achieve precise plotting. The system uses an ATmega328p 
microcontroller, A4988 stepper motor drivers, stepper motors, and a servo motor.  

 
 

Figure 1: ATmega328P Microcontroller Pin Diagram 

 

A4988 Stepper Drivers: The A4988 is a stepper motor driver designed to control 

bipolar stepper motors with the added functionality of microstepping for smooth, 
accurate stepping. It is capable of operating at up to 2A per phase, has current 
limiting, and includes over-temperature shutdown [10]. 
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Microcontroller: The brain behind the CNC plotter is an ATmega328P 
microcontroller, which drives the stepper motors and interprets G-code commands. 

It has 32 kB ISP flash memory, 1 kB EEPROM, and 2 kB SRAM. It operates on a 
voltage range of 1.8-5.5 volts [11]. 
 

Servo Motor: A servo motor moves the pen, which allows very fine control over 
the pen's movement. A feedback device, usually an encoder, informs the controller 

about its position, and the controller positions the motor accordingly [12].  
 

End User Device: The designs are created and the G-code is generated in a 
computer, usually an end-user device. Inkscape and UGS Platform are some of the 

designing and control software used. 

 
Figure 2: Complete Block Diagram of CNC Plotter 

 

Inkscape and 4xiDraw Tools: Inkscape, a versatile software, is used to create 
intricate designs in vector graphics format (SVG). The 4xiDraw tools extension 

simplifies the drawing process, providing tools for converting text to paths, creating 
calligraphy, and generating vector graphics. These designs are then converted into 

G-code using CAM software and fed into the CNC plotter’s control software [13].  
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Universal Gcode Sender (UGS): UGS is a cross-platform Java application used to 
interface with CNC controllers like GRBL. It features a 3D G-code visualizer with 

real-time tool position feedback and supports gamepads and joysticks, web pendant interface, 

and configurable G-code optimization [14]. 
 

Procedure and Flowchart: The procedure for using a CNC plotter involves several 
steps, starting from designing the artwork to exporting the design to the plotter 

software and finally executing the plot. 
 

 
Flowchart: 

Design artwork using graphics design software. 
Export artwork as an SVG file. 

Load SVG file into CNC plotter software. 
Configure the plot settings, such as speed and depth. 

Choose the plotting tool, such as a pen or blade. 

Connect CNC plotter to the computer. 
Calibrate the CNC plotter. 

Execute the plot. 
Monitor the plot and make any necessary adjustments. 

Stop the plot when it is complete or if there is an error or interruption.  
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. 
Figure 3: CNC Plotter Procedure and Flowchart 

G-code: G-code is a programming language used to control CNC machines, 
including CNC plotters. It consists of a series of commands that direct the machine 
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to perform specific movements and operations. The CNC plotter interprets the G-code 

instructions and converts them into physical movements of the pen. 

Example of G-code for a simple square: 
G Code    Description 

M05       Move the pen up  
M3S030    Move the pen down (move the servo with 30 degree) 

G21       Set units to millimeters 
G90       Set absolute positioning 

G1 X10 Y10  Move to position 10,10 
G1 X50 Y10  Draw line to position 50,10 

G1 X50 Y50  Draw line to position 50,50 
G1 X10 Y50  Draw line to position 10,50 

G1 X10 Y10  Draw line to position 10,10 
 

Results and Discussion 
Extensive testing of the CNC pen plotter was done with respect to precision, 
accuracy, versatility, and general performance. This section shall contain results so 

obtained from the tests, comparative analyses with commercial plotters, and explain 
what has been deduced from these findings. 

Precision and Accuracy Analysis: The accuracy of the CNC pen plotter was tested 
by plotting a series of complicated designs, measuring the error at each step that the 

plotter makes. The errors were calculated by comparing the expected positions to 
the actual measured positions. Results, as shown in Figure 4, indicate that there is a 

plotter error margin of ±0.1 mm for several steps. 
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Figure 4: Precision Analysis 

An accuracy analysis was done by plotting straight lines of various lengths and 

measuring the deviations from expected positions. Figure 6 shows the analysis that 
indicated the plotter gave high accuracy with small deviations from the expected 

position. 

 
Figure 5: Accuracy Analysis 

Calculations on precision and accuracy were about numbers and involved a detailed 
measurement and graphical representations that would make it easy to understand 

the abilities of this plotter. Results showed that a CNC pen plotter can reliably realize 
detailed, complex designs and guarantee an accuracy level of a high order for 
technical drawings and intricate patterns. 

Comparative Analysis with Commercial Plotters: In order to benchmark the 
developed CNC pen plotter's performance, comparison was drawn with commercial 

plotters. Compared parameters include precision, accuracy, and cost -effectiveness. 
Table 1 gives the summary for comparative analysis. 

Table 1: Comparative Analysis of CNC Pen Plotter with Commercial Plotters 

Parameter Developed CNC Plotter Commercial Plotter A Commercial Plotter B 

Precision ±0.1 mm ±0.05 mm ±0.07 mm 

Accuracy High Very High High 
Cost-Effectiveness Very High Moderate Low 

 

The developed CNC pen plotter offers competitive precision and accuracy while 

being significantly more cost-effective than commercial alternatives. It's affordable 
to the point that it can be used both professionally and even by hobbyists with small 

budgets. 
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Other tests were done on the CNC plotter to determine the different instances of 
performance of the device. Plotter versatility testing was performed on various 

materials, including paper, cardboard, and vinyl. It would show that the plotter can 
effectively handle complicated designs on different materials, thus being quite 
versatile and practically helpful in very many applications. 

Comparative tests run against previously published research indicated that, though 
Plotter A and Plotter B commercial plotters have slightly higher precision, the 

performance of the plotter developed in this research was quite commendable 
considering cost effectiveness. The precision error margin has been reported to be 

between ±0.05 mm and ±0.2 mm in previous studies [15]. In this study, the obtained 
precision error margin for the developed plotter was ±0.1 mm, which falls within the 

reported error margin range for commercial plotters, thus its competitive 
performance was confirmed. 

Further tests were conducted regarding the plotter's speed and efficiency. As shown 
in Table 2, the results obtained indicate that although the plotter developed is a little 

slow compared to the high-end commercial models in the market, it still sustains 
performance levels that are quite acceptable in most practical applications.  

Table 2: Speed and Efficiency Comparison 

Parameter Developed CNC Plotter Commercial Plotter A Commercial Plotter B 
Plotting Speed Moderate High High 

Efficiency High Very High High 

The graphical analysis provided additional insights into the plotter's performance 
metrics. The precision analysis graph (Figure 4) shows a consistent error margin 
across multiple steps, indicating stable performance. The accuracy analysis graph 
(Figure 5) highlights minimal deviations from expected positions, showcasing the 
plotter's reliability in producing precise outputs. 

Discussion 

The results obtained from both tests and analyses prove that the developed CNC 
pen plotter has all it takes to radically change traditional graphic design and drafting 
processes. This pen plotter acquires high accuracy and precision, costing less and 
thus being suitable for applications ranging from technical drawing to custom 
artwork. 
Comparisons with earlier work and commercial plotters underline the many strong 
points of this plotter regarding price and flexibility. While commercial plotters have 
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a little better precision, the performance of the developed plotter is good enough 
for most practical applications, not to speak of at a more affordable price. 
Future work might involve increasing plotter speed and integrating artificial 
intelligence for real-time error correction, with functionalities extending to multi-
color plotting and 3D printing. This will further increase the applicability range and 
versatility of the plotter by enhancing its plot speed, incorporating artificial 
intelligence in real-time error correction, and augmenting its functions to plot in 
multiple colors and 3D print, thus being of greater value to professionals and 
hobbyists alike. 
In summary, the potential for a high quality and cost-effective solution using this 

developed CNC pen plotter to provide accurate solutions in all fields of graphic 
design and drafting applications remains immense. The results obtained in this study 
confirm and identify the deficiencies of the plotter in order to improve its 

performance and enlarge its scope of application in the future.  
5. Conclusion 

The development and implementation of the CNC pen plotter have demonstrated 
that high-accuracy and high-precision graphic design and drafting applications can 

be achieved by using cost-effective components and state-of-the-art software tools. 
The performance of the plotter, with its precision error margin of ±0.1 mm and 

accuracy, is very competitive compared to plotters marketed commercially.  
The results of the comparative analysis were that, while commercial plotters are a 

little more precise, cost-effectiveness and versatility make the developed plotter an 
excellent option for many applications. The discussion is further advanced by 

expounding on the performance of the plotter using different materials and in 
different working conditions, thus outlining more of its adaptability and practicality. 

Future work in this respect could be focused on improving the speed of the plotter, 
implementing artificial intelligence for real-time error correction, and increasing 
functionalities like multi-color plotting and 3D printing. These could further increase 

the versatility and application range of the plotter, making it a very valuable tool for 
professionals and a hobbyist alike. 

This work demonstrated CNC pen plotters to be an inexpensive, accurate, versatile 
solution for making designs of complexity on different materials, realizing its 

potential to transform graphic design and drafting processes.  
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