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Abstract

The quality of education can often be improved by improving
the tools
whiteboards to display information to help students learn and/or

available for teaching. Many teachers utilize

remember important information. With the rise in online remote
learning, 1t 1s all the more useful for teachers to be able to use
their whiteboards remotely.

Our solution 1s to implement a robot that can remotely write,
erase, and scan a whiteboard. The robot can be used anywhere
through an internet connection, allowing anyone the ability to
send 1mages to the robot to draw on a whiteboard. In order to see
if anything 1s already on the whiteboard before drawing a new
image, a camera mounted on top of the whiteboard 1s used to
view the whiteboard. These 1images can also be saved for later,
and then the user 1s able to control the eraser on the robot to
erase the whiteboard. The robot can also be stored above the
whiteboard when not 1n use so 1t will not interfere with

in-person use of the whiteboard.

Introduction

The robot had to fulfil the requirements listed below 1n Table 1.
We based our design around using a polar-plotter as it 1s the most
mechanically simple type of drawing machine to construct. We
found many examples of polar-plotters, but none of them were
internet-controllable. We used a Raspberry P1 to control the
robot, and then configured the P1 to be remotely controlled
through the internet via VNC Viewer.

Table 1: Customer Requirements
Customer Requirements
Write on whiteboard
Erase the whiteboard

Operate remotely via internet
View whiteboard remotely

Save images of whiteboard
Scan the whiteboard
Accurate within 1 cm

Does not interfere with local use
of whiteboard

Work on any size whiteboard

Our design process 1s summarized in the list below.
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Design Overview

The base of our design uses a polar plotter that moves a gondola
suspended between two motors around the whiteboard. The gondola
contains the marker and eraser, as well as electronics to control the
positioning of them against the whiteboard. The marker position against
the whiteboard 1s controlled by a servo, while the eraser 1s position 1s
controlled by an electromagnet embedded in the eraser. The polar plotter
motors are operated by a Ramps 1.4 motor control board controlled by a
Raspberry P1. The Raspberry P1 has an open-source polar plotting
software, Makelangelo, installed to perform 1image processing and send
commands to the polar plotter. An HD webcam 1s also plugged into the
Raspberry P1 and mounted on a servo-controlled arm above the
whiteboard to extend and retract the camera when needed. The
Raspberry P1 1s remotely accessible anywhere via VNC Viewer,
allowing users to use the robot from anywhere.
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Figure 1: Makelangelo Software on Raspberry Pi

Figure 2: Initial Build of Whiteboard Robot
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Figure 3: Design Architecture

RGN

Our design and implementation resulted in a functional robot.
Images are able to be uploaded by the user and then drawn on the
whiteboard. The eraser can also be utilized, and the camera 1s able
to view and scan the whiteboard. All of the functions are usable
remotely through the internet. However, not all of the 1nitial design
requirements were met. Initial testing showed that the robot was
not as accurate as required. Also, the electromagnet embedded in
the eraser was not strong enough to provide sufficient contact to
erase the whiteboard. But, all of these 1ssues could be resolved with
just a few improvements, and overall the robot 1s functional and
usable.

Conclusion

The whiteboard robot 1s a useful tool that could improve the
teaching process for teachers. It 1s functional and able to be used
from anywhere. It 1s able to be adapted to virtually any whiteboard
size. However, there are still improvements that can be made to
our design to improve the accuracy and eraser performance.
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