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Abstract

The objective of this project is to build a 3D
printer with wireless connectivity. We made a 3D
printer that can be controlled remotely via the
Repetier Server. The custom-built 3D printer has a
PiCam camera, LCD screen, SD card reader, and
cloud management server to monitor and print
remotely. The resulting printer can be accessed
through any device with internet connectivity.
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I. INTRODUCTION

In the past two decades, there have been many
advances in 3D printing. Many of these advances
have improved technology and lowered its cost.
Many high precision machines have price points
within reach of enthusiasts, small businesses, and
independent maker shops. Along with the advances
in the hardware, the software tools that enable the
process, that is, the Computer-Aided Design (CAD)
and  Computer-Aided  Manufacturing  (CAM)
packages, have also seen their share of advances. In
today's world, it is possible for students, researchers,
and even Do It Yourself (DIY) technologists to
assemble the hardware and software needed to create
a compelling and affordable 3D printing system.

Typically, an object that is destined to be created
using a 3D printer is designed using CAD software.
This software either has the CAM software integrated
into it, or its output is exported to CAM specific
software. Either way, the CAD/CAM system's final
output is a file of instructions that controls the 3D
printer. Usually, CAD software produces a
Stereolithography (STL) file that describes the object.
The STL file is used by CAD software to produce G
code, which controls the manufacturing machine.

The STL file format was developed in 1986 by
Chuck Hull of 3D Systems. STL files are typically
employed as the CAD system's output and describe
3D objects in mathematical terms. For 3D printing,
the STL file needs to be sliced into G-code layers. G-
code files tell a 3D printer how to print a 3D object.
G-code typically describes printer parameters, such
as speed and temperature, and the geometry of the 3D
object.

Recently, 3D printing technology is increasing in
popularity due to some of its distinct advantages.
o It is easy to use, even without any prior
manufacturing knowledge.
o The user can create designs that cannot be
found in stores or from other products.
« Itis an excellent and affordable alternative to a
low number of precision parts manufacturing.
However, there are few remote monitoring
systems suitable for 3D printing devices in the
market. This project provides a simplified and
efficient way to monitor 3D printers remotely. The
user can start a print from wherever the user is and
can monitor that print while away. In the following
sections, we review the related works on 3D printing
projects. This paper describes the design,
implementation, and functionality of the custom-built
3D printer. Finally, this paper shows the results of
what this project has achieved and provides ideas for
future research areas.

Il. RELATED WORK

This project is based on an open-source 3D printer.
The Prusa 13 MK3 3D printer has been developed
since 2008 with RepRap's Darwin, a self-replicating
rapid prototyping machine [1]. Many applications
allow us to manage and interact with printers. Once
the design is finalized and CAD systems output the
STL file, the slicer can convert STL files to G-code
[2]. The most notable slicers are Cura, Slic3r, and
Simplify 3D. Once the G-code is generated, it is sent
to the printer to build the 3D object.

The 3D printer built for this research is based on
cloud printing and remote control. Research teams
also worked specifically on developing cloud printing
and remote-control capability for 3D printers [3] [4].
This work is similar in that a remote monitoring
system is used in implementing this project for cloud-
based printing. This project used the Repetier Server
to store printing objects. It also provides the
functionality of communication with all Prusa-like
printers. The added benefit is that a computer doesn't
have to be attached to the printer since this custom-
built 3D printer has wireless connectivity.
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111. IMPLEMENTATION

A. Hardware approach and equipment

The hardware for this 3D printer can be divided
into a few sections.

o The first element is the frame of the printer.

o The second element is the components that
move the extruder to certain points.

e The third element is the operation of the
extruder itself.

« Lastly, the logic components to power and
control the 3D printer are described.

This printer's frame is built out of 2020 aluminum
beams with slots that allow screws to be secured and
for wire management. The beams are held together
with L-shaped brackets. The frame's base is a square
and holds the structure that allows motors and other
accessories to be mounted.

The second element is the movement of the
extruder. There are three ways to move the extruder:
X-axis, Y-axis, and Z-axis coordinate systems [5].
The printer uses one stepper with a belt to move the
X-axis and Y-axis, two stepper motors to move the
Z-axis, and one stepper to control the extruder. The
movement of the Y-axis in terms of 3D printing
refers to the movement of the heating bed. The
assembly to move the extruder along the X-axis is
located on the Z-axis carriage. The Z-axis is a little
more complicated than other axes since it uses two
stepper motors. Instead of using a belt, it uses two
threaded rods that the X-axis carriage is attached to.

The third element of the hardware is the extruder
of the 3D printer. The extruder is located directly on
the X-axis. The extruder generally has four essential
parts: transport of the material, heating, filtration, and
exit [6]. The components that make up the extruder
are the stepper motor, quick release, heating element,
heat sink, and fan shown in Fig. 1.

N

Stepper

Fig. 1. Labeled Extruder: Stepper, Quick Release,
Heating Element, Heat Sink, and Fan

There are several different methods of 3D printing.
This Fused Deposition Modelling (FDM) printer uses
a thermoplastic filament, which is heated to its
melting point and then extruded, layer by layer, to
create a three-dimensional object. In the FDM

method, a printer deposits melted filament of a
certain material into thin layers, which are cooled
very fast. Thus the next layer can be added to the
previous layer. The FDM method is a suitable
compromise between accuracy and the speed of
modeling and transformation of final products and
assembly nodes [7] [8]. The extruder feeds the
filament into the heating element. Polylactic Acid
(PLA) filament is used in this 3D printer project [9].
The heating element heats the filament and then
attaches the melted filament to the printing area.

The logic components are used to power and
control the parts on the 3D printer. This printer uses a
Reprap Arduino Mega Pololu Shield (RAMPS) board
shown in Fig. 2 to force the components. Stepper
motors, thermistors, and heating elements are
plugged into the RAMPS board. This printer uses an
Arduino Mega microcontroller shown in Fig. 3 to
send control signals to specific parts. We encountered
an issue with the Arduino Mega power supply. The
RAMPS board has a 24V power supply and would
cause the Arduino's 5V regulator to blow because the
Arduino's max voltage can handle 12V. Therefore,
the Arduino gets its power from a Raspberry Pi with
a 5V power supply.

Fig. 3. Arduino Mega Microcontroller

The Raspberry Pi shown in Fig. 4 is plugged into
the Ethernet network to allow internet access [10]
[11]. The Arduino Mega gets power from the
Raspberry Pi to send G-code files for printing 3D
objects [12]. The PiCam shown in Fig. 5 is directly
connected to the Raspberry Pi through the Camera
Serial Interface (CSI). The PiCam webcam provides
a live video feed of the printer, allowing users to start,
monitor, and stop their printer wherever there is the
internet.
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Fig. 4. Raspberry Pi

To print 3D objects, users load the G-code file
onto the SD card, plug the SD card into the reader,
and then use the potentiometer, button, and LCD

screen to navigate the menu to print from the SD card.

The SD card reader is attached to the RAMPS board.
The LCD screen shown in Fig. 6 is also attached to
the RAMPS board. This LCD screen displays
information about the printer like the extruder and
heating bed's temperature and the coordinates of the
extruder on an X, Y, and Z coordinate plane. There
are a potentiometer and button to navigate an
onboard menu. This menu includes many ways to
control the printer.

Fig. 5. PiCam for Raspberry Pi

) Fig. 6. LCD Screen with Potentiometer

B. Software Approach

The Arduino needs to receive files in a G-code
format for printing a 3D object. G-code is essentially
the language that the Arduino's firmware reads (This
needs to be rewritten). The Arduino has a library that
can translate the G-code to control the 3D printer
stepper motors and other actuators. G-code tells a 3D
printer how to print a 3D object. As stated earlier, G-
code typically describes printer parameters, such as

speed and temperature, and the geometry of the 3D
object shown in Fig. 7. Each G-code file comprises
multiple G-code commands depending on the size of
the object being printed. Each command is read by
the Arduino's firmware and then translated into the
motors' movements or other necessary tasks.

The firmware that is loaded onto the Arduino is
called Marlin. It is popular with many 3D printers
and is compatible with Arduino Mega. The firmware
is customizable to accommodate many different types
of components for custom-built printers.

To create G-code files that Marlin firmware can
read, users need to "slice" the object into G-code. The
slicer converts STL files into a series of thin layers
and produces a G-code file. Furthermore, it divides
the object into a stack of flat layers and describes
these layers as linear movements of the 3D printer
extruder, fixation laser, or equivalent.

There are many different slicing applications
available. The Slic3r is an open-source 3D printing
slicer software that is used in this experiment. The
GUI interfacing photograph of Slic3r is shown in Fig.
8. In the slicer software, the user can configure many
settings to acquire a more quality printed object.
There are settings for the printer, the filament, and
the specific print. Some of these settings include
nozzle size, heating bed temperature, location to
build the structured material, and more. All these
settings are also saved in the G-code file sent to the
Arduino.
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Fig. 7. Example of G-code

The Repetier Server image for Raspberry Pi is
installed in this project. This Repetier Server image
serves as a web interface to control the printer
anywhere with an internet connection. The Repetier
Server is available if the device is on the same LAN.
To forward the port for the Repetier Server of the
Raspberry Pi, the router's settings are set up on the
default Repetier Server port number, such as 3344.
After the port forwarding, the user can access this
server by using the LAN IP address followed by the
port number.

A domain name is set up to mask the LAN IP
address to provide a more user-friendly service.
Instead of typing in the IP address followed by the
port number, the user only needs to type in the
domain name. The Domain Name System (DNS)
servers dispatch the client requests among the web
servers through the domain name to an IP address
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mapping and load balancing algorithm [13]. This
method is used because Domain names are generally
easier to remember than a sequence of random
numbers.

Fig. 8. The Slicing Software Used to Convert to G-
code

The No-IP.com service is used to set up a free
domain to associate with the Repetier Server. This
service allows users to create a free domain name,
usually followed by a set of characters, for example,
domainname.ddns.net. The No-IP.com also provides
a service that functions with a dynamic IP address.
Since this Repetier server can run on a home network,
it is usually given a dynamic IP address. The
dynamic IP address is constantly changing to provide
protection. After the service of No-IP.com is installed
on the same network as the server, it constantly
provides the updated IP address to attach to the
domain name. The No-IP.com service provides a
solution to the constantly changing IP address.

The Repetier Server is the professional all-in-one
solution to control and manage the 3D printers. There
is no limit to the number of users one could add, and
each user can have different access levels. It provides
security and organization within a large group of
individuals using the same printer or server. For
example, only one user can be able to print. Repetier
Server can also add and manage many printers. There
is a section on the dashboard of the site that shows all
of the printers connected to the server and each
printers' information. There is also a toggle switch to
see the printers' live camera feed if accessible.

There is also storage for 3D objects on the
Repetier Server, as shown in Fig. 9. The user can
upload the G-code files to this cloud server and then
print 3D objects. A user can even manually send G-
code commands to the printer if needed.

0 Repetier-Server Pro 0.91.2 - MountainViolin

M Projects
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Fig. 9. The Cloud Server to Store Printing Objects

The layout of the 3D printer is shown in Fig. 10.
For this project, the system's functionality, the
Arduino Mega, Raspberry Pi, LCD screen, and
PiCam camera for the custom-built 3D printer have
been successfully tested.

Fig. 10. 3D Printer Layout

IV. CONCLUSION

Additive manufacturing or 3D printing technology
is a rapidly advancing technology noticed by many
researchers, manufacturers, and maker communities.
In this project, a complete 3D printing system was
created and tested with internet connectivity,
allowing it to be used, controlled, and monitored
remotely. Future work includes enabling the Alexa
interface to enhance the user experience and simplify
interactions with the system.
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