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Introduction  

Originally called the L’Ecran Magique, or “magic screen,” the Etch-A-Sketch did not rise to 
popularity until the late 1950s [1]. The toy was created by an inventor named André Cassagnes and 
was deemed “magic” for its novel ability to draw with electrostatic charge. The “magic screen” 
made its debut at a toy fair in Nuremberg, Germany in 1959 [2]. After an increase in popularity, the 
toy was given its current name, “Etch-A-Sketch,” and was a popular children’s gift well into the 
early 2000s. However, after its debut period in 1959, innovations to the Etch-A-Sketch have 
remained stagnant [1].  

To address this stagnation, the Design Methodology course (ME 340) at Pennsylvania State 
University has asked our team to design an autonomous Etch-A-Sketch using MatLab software and 
Arduino hardware. In addition, the project calls on our team to create a SolidWorks design of an 
accompanying shaker system. This report presents our team’s initial research on this project.  

As described in the project requirements [3], our team’s goal is to write a MatLab code that 
will control two motors that are attached to the knobs of an Etch-A-Sketch. Resulting from this 
code will be a window that will first ask a user to input an image from a computer. Then, the 
program will transfer this input data to the two motors to recreate the inputted image on the Etch-
A-Sketch screen. So far, our team has assembled the hardware. Additionally, each member of our 
team created a code prototype using different approaches to recreate an image. First, Andrew is 
creating code that includes nested for-loops. Second, to shade image pixels in order from darker 
pigmentation to lighter pigmentation, Arianna’s code involves a series of for-loops. Third, the 
unique feature incorporated by Christine will aid in user-friendliness. Finally, Sandon is coding the 
motor system to create the picture horizontally across the Etch-A-Sketch. The next step that our 
team took in the design process was to create a functional decomposition of the prototype’s design 
features, which can be viewed in Appendix A. Each individual member also created a motor mount 
for the physical Etch-A-Sketch, as well a prototype code for the software aspect of the system.  

The next section of this report details how an Etch-A-Sketch works and how it functions 
internally to produce a picture. Presented in the third section of the report are the supplies provided 
in the project kit and the individual roles of each of these components. The report’s fourth section 
identifies limitations of the Etch-A-Sketch system based on the project guidelines and the supplies 
for the project. Finally, this report concludes with a summary of the project’s major findings and 
future steps. 
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How an Etch-a-Sketch Works 

 This section details the functions of an Etch-A-Sketch from both a mechanical and scientific 
perspective. Mechanically, the Etch-A-Sketch’s functions are intended for children, so they are 
relatively uncomplicated [1]. An Etch-A-Sketch consists of a rectangular screen surrounded by a 
plastic casing. On the bottom left and right sides of the Etch-A-Sketch, there are two cylindrical 
knobs. Turning the left knob clockwise will create a horizontal line going rightward on the screen, 
while turning the right knob clockwise will create a vertical line going upward on the screen. 
Turning either knob counterclockwise will create a leftward or downward line, respectively. When 
both knobs are turned at the same time, either a curved or diagonal line can be drawn depending on 
the speed and direction of the user’s turns. These lines can be erased if the user chooses to shake 
the Etch-A-Sketch.  

Scientifically, the Etch-A-Sketch’s functions are more complex. The Etch-A-Sketch 
operates under a complex pulley system with thin, steel wires that are connected to the white 
cylindrical knobs [4]. When the knobs are rotated, a stylus moves that pushes away the aluminum 
powder on the back of the drawing screen. This action leaves a black marking on the side of the 
screen that is viewed by the user [5]. Plastic beads among the aluminum powder help displace the 
aluminum powder evenly. Because of the way the stylus operates, the user can only draw one 
continuous line. Additionally, the drawing will always begin above where the stylus is placed on 
the screen. Both the stylus and plastic beads can be seen in Figure 1, which shows the inside of an 
Etch-A-Sketch whose screen has been removed. When the device is shaken, the back of the front 
drawing face is coated with aluminum powder.  
 

 
Figure 1. Etch-A-Sketch with screen removed showing pulley mechanism [4]. To create an image, the user 
controls the movements of the knobs, and the stylus follows these movements on a wired pulley system.  
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Supplies in Kit 

 This section describes the list of supplies provided in the project’s hardware kit. 
Additionally, this section covers the individual functions and roles of the supplies. As discussed 
earlier in this report, the Etch-A-Sketch system consists of both hardware and software. While 
the programming for the system is controlled electronically using MatLab, the physical 
execution of the Etch-A-Sketch drawings is controlled by a system of mechanical parts. The 
most important of these parts appear in Figure 2, and the specifications of each part are listed in 
Appendix B.  
 

 
Figure 2. Main supplies of an autonomous etch-a-sketch.  The specifications for the different supplies can be 
found in Appendix B.  

 
The Arduino Uno, which is used to process the computer code, is connected to the computer 

through a USB cable. To execute the MatLab code, the computer processor and Arduino Uno are 
used within the program. Connected to the pin inserts of the Arduino Uno’s circuit board is a 
computer numerical control (CNC) shield, which allows the Arduino Uno to increase its power 
over other aspects of the system. Additionally, the CNC shield is connected to a 12-Volt DC power 
supply that is rated at 2 amps. This power supply is distributed to the rest of the system through the 
CNC shield. In this system, the CNC shield provides the Arduino Uno with the power to control the 
two stepper motor drivers.  

One of these stepper motor drivers controls the x-axis motor, while the other motor driver 
controls the y-axis motor. These drivers were manually adjusted to produce a current in the range 
of 1.0 to 1.2 amperes. To ensure the system does not overheat, heat sinks were placed on top of 
each driver to expel heat. Connected to the CNC and Arduino system is the coupler-motor 
combination. Through the connection of the couple-motor combination to the Etch-A-Sketch, the 
electronic and physical systems are now one. Because the couple-motor combination replaced the 
knobs, this combination now controls the movement of the Etch-A-Sketch's stylus using the 
prototyped MatLab code.  
 
 
Device Limitations That Impact Design 

 This section discusses aspects of the Etch-A-Sketch project that constrain design 
capabilities. A few major limitations were placed on the group [4]. First, because no points on the 
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Etch-A-Sketch can be plotted manually, every movement made by the Etch-A-Sketch stylus needs 
to be coded into the Arduino system. Another given constraint is that MatLab is the only coding 
software that can be used, unless otherwise specified by the instructor. Using MatLab limits the 
group from the capabilities of other coding programs. Additionally, because the group is limited to 
the materials listed in Appendix B, any other helpful materials, such as more effective motors, are 
not allowed. Once the amperage is set on the motor drivers, it will remain fixed for the entirety of 
the project duration. 
 Some physical design limitations exist as well. First, the Etch-A-Sketch begins to draw 
wherever the stylus is currently located. As a result, the stylus’ position must be known before the 
drawing can begin. Once the stylus is in a known position, it only draws in one continuous line 
without any breaks. The continuous line creates a limitation on how the program can be coded to 
outline and shade the image. Another device limitation stems from the Etch-A-Sketch’s inability to 
erase individual markings on the drawing. For instance, if a user shakes the Etch-A-Sketch to erase 
any markings made, all markings on the Etch-A-Sketch will disappear, leaving the screen 
completely blank. Also, because the Etch-A-Sketch can produce only black and gray images, each 
image used needs to first be converted to a gray scale before it can be processed by the code of the 
Arduino system. These device limitations are very important and should be noted because they 
directly impact decisions the team makes about the design of the system. Every aspect of the 
system must be planned around the capabilities of the provided parts, the allowed coding software, 
and instructional design constraints.  
 
 
Conclusion 

 This report has presented the initial research for goals, accomplishments, specifications, and 
limitations of the autonomous Etch-A-Sketch project. The main goal of the project is to create an 
autonomous Etch-A-Sketch system. In its operation, the Etch-A-Sketch uses a complex pulley 
system with thin, steel wires that are connected to white cylindrical knobs [4]. Replacing the knobs 
in our system will be a coupler-motor combination. Controlling the coupler-motor combination is 
an Arduino that processes MatLab code. One design limitation for our team is that the stylus has to 
draw in a continuous line. A second limitation is that because the Etch-A-Sketch can produce only 
black and gray images, each image first needs to be converted to a gray scale before the image can 
be processed by the code of the Arduino system.  
 Over the next three months, the team will continue to develop the Etch-A-Sketch system, 
both mechanically and electronically. By early May, the team will finalize a functional MatLab 
code and hardware system that will print any digital image onto the Etch-A-Sketch. Designing the 
Etch-A-Sketch system should help the team to develop a deeper understanding of the engineering 
design process. Through the design of this system, the team should learn how to implement creative 
ideas into a physical prototype. Additionally, the team members are developing their 
communication and delegation skills by working together for one final design.  
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Appendix A: Design Stage Components 
 
 This appendix presents a functional decomposition flow chart for the etch-a-sketch. Shown 
in Figure A-1, this chart was created during an early meeting in the prototyping stages of the design 
process. The functional decomposition provides a roadmap of the software in the autonomous Etch-
A-Sketch system. To provide insight on the coding prototype, this decomposition organized overall 
thoughts and ideas of the group members.  
 

  
Figure A-1. Functional decomposition flow chart. Starting with the software for the Etch-A-Sketch, the MatLab code 
receives an input of an image from the user. From this image input, the code goes through a series of steps, including 
gray scaling, scanning, re-sizing, centering, and finding the average color of each group of pixels. As a result of this 
code, a display of the drawing appears on an x-y plot. This drawing is what the image would be when printed on the 
Etch-A-Sketch. 
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Appendix B: Project Supplies 
 
 This appendix presents a list of all the supplies included in the prototype’s hardware system. 
Table B-1 lists each supply, as well as each supply’s specifications. The listed parts, quantities, and 
specifications are established through the course requirements [3] and product manufacturers.  
 
Table B-1. Components included in the system’s hardware, as well as the quantity and 
specifications of each part [5].   

Parts  Quantity  Specifications  
Arduino Uno Board 
Rev3 with Cable  

1  5V operating voltage, USB type B cable, 
size (3.15x2.17x0.98) in  

CNC Shield for Arduino 
Uno  

1  4 slots for stepper motor control, size 
(6.69x4.41x0.75) in  

Drv8825 Stepper Motor 
Driver  

2  Adjusted 1.0A to 1.2A continuous current 
per phase, 0.1in-pitch male header pins  

Heat Sink  2  Size (13x13x7) mm, aluminum, thermal 
adhesive tape  

DC 12V 2A Power 
Supply  

1  12 Volt DC Power, 2A Current  

Nema 
17 StepperOnline 17HS15-
1504S-X1  

2  5mm shaft diameter, 45 Ncm torque, size 
(42x42x39) mm, 1.5A rated current  

Classic Size Etch-A-
Sketch  

1  Size (9.06x1.18x8.86) in  

Coupler  2  5mm diameter one side, 
6mm diameter other side  
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