
Context
Nanosatellites and microsatellites are an important 
growth area within the space technology industry. 
Their small size means a reduced cost to build 
and launch, hence space technologies are more 
accessible for smaller organisations.
Small and low-cost satellites could play an important 
part in future Mars missions in communications and 
monitoring conditions of the mission. The Mars Cube 
satellites provided real-time communication with the 
InSight robotic lander’s entry, descent and landing on 
Mars. The Mars terrain contains high mountains and 
deep ravines. If exploration or work is occurring in 
these locations, communications would be enhanced 
if satellites are utilised.

In this project appropriate electronic 
components will need to be selected to 
perform essential tasks. These components 
will need to collect and send data. Therefore, 
coding of mircoprocessors will be required. 
The Arduino platform is ideal for this. This 
means that electronic circuits will need to be 
designed, including soldering of wires and 
components.  In addition, satellite design will 
need to be researched. 3D modelling using 
Fusion 360 and 3D printing can be used to 
visualise what a completed satellite might 
look like. A range of skills and disciplines will 
need to be used in order to be successful in 
collecting data from a satelite and sending it 
to a ground station.

Unit Description
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Mars Map
Students observed the Mars Map to consider the specific features that their project solution 
may require. Below is an exert of a student reflection:
From observing the Giant Mars Map we could see the  surface features of Mars. 
We were surprised to see what looked like volcanic mountains as well as river beds. We 
learned that there were extremely high mountains and very “deep” areas. We did not know 
their could have been water on the planet, but this shows it was likely.
If there were people working in different locations, or monitoring stations that were remote, 
satellite communication might be required.
From our “Mission to Mars” at Hamilton Secondary College, we could see how reliable 
communication is critical in successful missions. This is because of the harsh conditions on 
Mars.

MMission TTo MMars

Students visited 
the Mission To 
Mars centre 
at Hamilton 
Secondary College. 

The image to the 
left shows the two 
teams.

The Mission 
Control team 
is wearing the 
blue suit and the 
Exploration team is 
wearing the orange 
suit.

The two teams 
communicated to 
complete a set of 
tasks, simulating a 
mission experience 
on Mars.



Need Identification
Our team came up with a number of concepts to incorporate 
into our own designs when building a suitable satellite. Each 
member of our team is in charge of creating their own design 
that they feel best fits the specifications and qualities of a 
satellite. The architecture of the satellite must also include 
a secure location for a battery and charging system. The 
best satellite among the different produced designs is then 
chosen by our team. The team then works as a unit to build a 
ground station that can safely and securely house electronics 
and a power supply. Additionally, information will be gathered 
and transmitted from the satellite to the ground station 
where the ground control group is working.
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Required Features
A satellite in orbit has to operate continuously over the 
span of its life. It needs internal power to run its electronic 
systems and communication payloads. The primary power 
source is sunlight, gathered by the satellite’s solar panels. A 
satellite also has batteries on board to provide power when 
sunlight is blocked by the earth. The batteries are recharged 
by the spare electric current generated by the solar panels 
when there is sunlight.
A satellite needs to operate in extreme temperatures, 
temperatures varying from -150 °C to 150 °C and is subject 
to radiation in space. The satellite parts that may be 
affected by radiation are covered by aluminium and other 
radiation-resistant material. A satellite’s thermal system is 
imperative to its functioning as it is the system that records 
the temperature of the actual satellite back to scientists. A 
satellite thermal system also protects sensitive satellite 
components from extreme changes in temperature by 
activating the cooling mechanisms when it gets extremely hot 
or devastatingly cold.

Bottom Side View
An illustration of the 
satellite’s underside 
is shown. Two 
huge rectangular 
boxes, two satellite 
dishes, a second box 
under the Arduino, 
two cylinder-like 
supports, and a 
sizable cylinder 
connecting the 
panels to the 
battery pack and 
the Arduino are all 
visible.

High Top Left Angle View
In the depiction of the 
satellite from an angled 
view, two sizable panels 
that will help power and 
store energy throughout 
the spacecraft have 
been incorporated 
into the design of the 
satellite. These panels 
can be located in either 
of the large rectangular 
boxes towards the back 

of the design. In addition, the huge box at the front is divided into 
two sections: a large box for the Arduino, and a smaller one for the 
battery pack. The majority of the components for the satellite are 
kept inside the limited space in which it is located.

Front Side View
We can clearly 
see a front side 
perspective of 
the satellite in 
the image shown. 
The portions for 
the Arduino and 
battery pack are 
visible from both 
the top and bottom. In addition, the view of the two satellite dishes 
is significantly crisper. In order to facilitate easy access between 
the various components, the Arduino board has been purposefully 
positioned on top. In order to keep the area a little cleaner and to 
ensure that there is enough room for all of the other components, 
the battery pack has also been concealed underneath.

We included two 
rectangular, box-
like panels on the 
back of the satellite 
in the above 
representation, 
with the solar 
panels being 
stored in either 

one. Two additional cylinders were positioned beneath the boxes 
to support the panel’s structure. In order to prevent shadows 
from possibly falling on the panels’ faces, these panels were also 
positioned higher up and farther away from any other components.

Back Side View

Right Side View
The battery pack is positioned below the Arduino rather than covering the solar panels, 
eliminating the cast of a shadow upon the panels. Furthermore, there is large cylinder beam 
located beneath the solar panels to help support the panels themselves.



3D Modelling
To create the satellites, the students learnt simple 3D 
modelling skills and applied them to the project:
• 2D Sketch
• Sketch Geometry
• Extrude Tools
• Mirror
• Loft
• Chamfer
• 3D Bodies
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Extrude Loft

Mirror

2D Sketch

A sketch is created in two dimensions first using a birds 
eye view. This shape is created with the intention to 
make it into a 3D object.

2D sketches are converted into 3D objects using the 
extrude tool. This creates a uniform body.

Mirroring a 3D body to ensure the design is accurate. A 
2D mirror plane is selected.

The example above shows an extra plane being created 
with the intention of drawing a 2D sketch on it.

Using the loft, the space between two 2D shapes is 
automatically generated to create a single 3D shape.



Soldering
To create the power system, students learnt a variety of 
soldering technqiues which they applied.
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Joining Wire and Metal Joining Two Wires

Preparing Wire
Stripping the wire to 
ensure enough wire 
is exposed to form a 
connection, but not 
exposing too much wire 
to prevent unwanted 
short circuiting.

The wire is then twisted 
and solder is added 
to prepare for the 
connection. The solder 
makes the future join 
much easier.

The surace metal is initially heated, and then solder is 
applied carefully. Enough to form a strong connection, 
but not too much to cause an accidental short.
Then, the wire is applied to the surface. The heat from 
the soldering iron melts the solder on both the surface 
and the wire to fuse them together.

In the figure below, a Battery Management Board is 
being connected to the panels.

Firstly, a heat shrink tube is slipped over one of the 
wires for later use. The two wires are then intertwined 
by twisting them together. Solder is then applied to the 
twisted wires.
In the figure below, the panels are being connected to a 
DC plug.

The heat shrink tube is then moved to the 
location of the join and heat is applied. It shrinks 
and protects the wire to avoid short circuiting.



Temperature Sensor Dallas DS18B20

A Dallas 
DS18B20 was 
installed on the 
Arduino satellite 
prototype, which 
measures the 
temperature of 
the surrounding 
area on a 
regular basis 
every second.
It was selected 

as it was the easiest option for a proof of concept. This 
could be used to measure and monitor temperatures in 
many situations with data relayed via satellite.

Valuable Data
Students researched the types of data that would need 
to be collected from mars to consider if life is possible. 
Below is a list which summarises their findings:
• Images via camera
• Chemical analysis of rocks and soil
• Winds and other types of weather
• Temperature
• Humidity
• Altimeter
• Spectrometer measurements
• Climate
• Atmospheric Condition
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Temperature

Wind

Anemometer 
An anemometer may be 
installed on the ground 
station Arduino, which would 
then be able to measure the 
wind’s strength, pressure, 
and direction on a regular 
basis. This could transmit 
data to scientist via the 
satellite.

Colour

Spectrometer 
(AS7341) – Colour 
Sensor
          
A spectrometer 
measures and 
takes in light before 
breaking it down 
into various spectral 
components. It 
then measures the 
electromagnetic 

radiation with a sample or the emission of 
electromagnetic radiation from a sample. This could be 
used in our satellite design to depict various materials 
and rocks.

Image
Camera OV7670
The satellite Arduino 
could be fitted with a 
OV7670 camera, which 
could then periodically 
take photos and send 
them back to the ground 
control Arduino. The 
satellite Arduino could 
be fitted with a OV7670 

Altitude

Altimeter (BMP388)        
A BMP388 or Altimeter 
sensor records the altitude 
of the, the distance of a point 
above sea level. These trusty 
devices which help satellites 
measure its distance from 
the surface of the ground. 
This could be incorporated 

into a rover bot to aid in measuring altitudes over the 
surface of mars.

Humidity
Humidity Sensor DHT22 
(AM2302)
 A AM2302 sensor 
that regularly records 
the humidity of its 
surroundings and then 
sends its information 
to the ground control 
Arduino. This data could 

be used to monitor living spaces on the surface of Mars.



Process
We followed schematics for each individual component 
to make sure it was connected to the Arduino correctly. 
Then we could test code for 1 component at a time. We 
then started to combine the components when we were 
confident it was working.

CCircuitry

Temperature
First we needed to collect data. We used a Dallas 
temperature sensor. Temperature is an important 
parameter to be monitored in a satellite. If the 
temperature rises suddenly, it may indicate a problem 
onboard the satellite. This sensor is good because 
signals from several sensors can be sent on a single 
wire to one pin of the Arduino. This means if multiple 
temperature sensors are required, only 1 pin of the 
Arduino is used.

OLED
When data is 
first collected, 
we view it on 
our computer 
in the serial 
monitor. To be 
useful in the 
real world we 
need to display 
data. We used 
an OLED display 
for this task. 
At first we just 
printed text to 

the display. We then combined the temperature sensor 
circuit with the OLED circuit to output the temperature 
data to the OLED display. 

Voltage
Battery voltage is 
important. If the 
batteries go flat the 
satellite becomes 
useless. Two 18650 
cells in series were 
used in the battery 
pack, when fully 
charged they can 
deliver over 8 volts. 
This is enough to run 
the Arduino in the 
satellite, but the pins 
on an Arduino can only 
safely handle 5 volts. 

We used a voltage divider module to ensure less than 
5 volts was input into the analogue pin of the Arduino. 
The software engineer needed to use a mathematical 
formula to convert the input signal to a true battery 
voltage.

RF Transmitter
Communication requires 
signals to be sent via 
radio waves. We used a 
433 MHz Transmitter and 
Receiver to send data. To 
start simply, we decided to 
use the transmitter in the 
satellite to send the voltage 
and temperature data to a 
ground station. We needed 
to use 2 Arduino boards and 
separate code to send and 
receive the data. 
The transmitter is needed 

in the satellite to send the temperature and voltage data 
to the ground station. The circuits for the temperature 
sensor, voltage divider and transmitter had to be 
connected to the Arduino board. The software engineer 
combined the code required to collect temperature 
data, process the voltage from the analogue pin and 
the transmitter to send a string of data that would be 
interpreted once received by the ground station.

RF Receiver
This is the schematic 
for the receiver. We 
needed to receive 
the data from our 
simulated satellite 
and then display it on 
the screen. This meant 
that the OLED circuit 
and receiver circuit 
had to be connected to 
the same Arduino. Our 
software engineer had 
to be able to combine 
the code to receive 
and decode the data 

with the code to print data to the OLED display.



Power System
Supplying reliable power is critical to ensure the 
satellite functions correctly. If it loses power, all the 
systems will shut down and the satellite could be 
lost. This is our battery pack with solar panels used to 
recharge the batteries.
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Battery Pack

Batteries Test Code

An Arduino was coded 
to check that the final 
battery pack was 
producing voltage. These 
screenshots show the 
code used and serial 
monitor displaying battery 
voltage. This proves 
that the battery pack is 
supplying power.

Two 18650 lithium ion 
batteries were used for our 
battery pack. They were 
put into a battery holder 
which means they are 
connected in series which 
adds the voltage of the two 
batteries. Each battery 
is 4.2 volts when fully 
charged.

Battery Management System
Two solar panels, each rated at 5 volts were soldered in 
series. These cannot be connected directly to the battery 
pack. The batteries need a battery management system 
or BMS to ensure the batteries are safely charged. 
Lithium ion batteries can burst into flames if not 
connected correctly. This would be costly if a fire broke 
out on the satellite. The diagram below shows how the 
batteries need to be connected to the BMS. A wire must 
be soldered from the BM solder pad to the junction of the 
series connection 
on the two 
batteries. To do 
this we soldered 
the wire to the coil 
that supports the 
negative terminal 
of the battery 
inside the battery 
holder. This is 
needed to ensure 
the two batteries 
are charged to the 
same voltage.
 The wires that 
go to the voltage divider were connected along with the 
wires from the battery case to the B+ and B- solder pads. 
We spliced the wires from the battery holder and voltage 
divider to ensure a solid connection.
The P+ and P- solder pads were connected to the solar 
panels and the barrel connector that plugs into the 
Arduino to power it. The solar panel wires were spliced 
to the wires of the barrel connector.



AArduino TTransmitter CCode
The following code is used in conjunction with libraries on the Transmitter Arduino. This device 
is transmitting the temperature and the voltage to the other Arduino device. This device will be 
within the satellite.

Attachments: RF Transmitter, Voltage Sensor, Temperature Sensor

The serial monitor is enabled for testing and debugging purposes

The temperature is retrieved from the temperature sensor. The 
library enables the use of multiple temperature sensors, so the 
index of 0 is passed into the function as only one sensor is in use.

The voltage is retrieved from the voltage sensor, and is then 
converted to a human readable value using constant values defined 
in the setup.

The temperature and voltage are put into a string and joined using a 
comma. This comma is used to seperate the values when they are 
being read.

The message is then sent to the other device.



AArduino RReceiver CCode
The following code is used in conjunction with libraries on the Receiver Arduino. This device is 
recieving the temperature and the voltage from the other Arduino device. This device will be 
with ground control.

Attachments: RF Receiver, OLED Screen, Solar Power

Solar powered battery device for the Arduino

An if statement checks if the RF Receiver 
has retrieved any data from the Transmitter 
Arduino. The following code fires if data was 
recieved.

The data is converted to a string so it can be 
easily processed using string functions.

The location of the comma is found so the 
seperate values can be extracted

The temperature value is extracted by 
retrieving the value between the first and 
second comma

The volts value is extracted by retrieving the 
value after the second comma

These values are printed to the OLED screen

There is a five second delay before the next tick 
to reduce stress and power consumption



The Next Step
The working prototype of the satellite has been 
created as seen in the demonstration. The next 
phase of learning for the rest of the Semester will be:
1. Add other sensors instead of temperature.
2. Extensive testing.
3. Solder all connections into a circuit board.
4. Evaluation and upgrades.

Once the prototype is completed with added sensors, extensive testing will take place to 
benchmark the capabilities of the system. The range of the data transmission will be tested 
to ensure that the distance the Arduino units can be apart is not breached. Tests need to also 
be made to ensure that the additional sensors are working and producing the expected output. 
Each sensor will need to be manipulated to ensure that the change in data appears on the LCD 
screen.

Testing

UUnit CCompletion

Sensors
The temperature sensor was used in the prototype 
as it was a simple piece of data to be used with the 
transmission proof of concept. Ideally, data from 
the surface of the planet would need to be retrieved 
which could help us understand if life is viable. 
Temperature is important because it does provide 
data relevant to sustaining life, for example, plants 
require specific temperatures to grow. Other data 
that would be viable to analyse plant growth would 
be humidity and soil composition. These types of 
sensors would be a higher priority, and they don’t 
require large amounts 
of data to be sent 
compared to a camera.
To implement 
multiple sensors, 
the transmission 
string will need to be 
updated. This could 
involve JSON encoding 
and decoding, or 
extending the 
delimiter code.

Once the project is tested and the prototype is working as expected, 
the design is then converted to a fixed product. The working 
prototype is flimsy and needs stability. Instead of using an attachable 
breadboard, this will be replaced by a breadboard that connect 
components permanently via solder. 

Fixed Breadboard

The success 
of the 
working design will be evaluated 
and then potential upgrades will be 
considered as a part of a reflection. 
The next iteration of this project would 
be to create a rover that is remotely 
controllable. This rover would allow 
for data from the surface to be sent 
to the base. One device that could be 
used when extending this project is the 
Arduino Zumo robot. This is an Arduino 
with inbuilt movement capabilities. As 
it is the same core device, porting the 
project would be simple.

Evaluation/Improvements



Conclusion
This project was designed to allow a group of 
students to explore all the different skills required 
to complete an engineering task. Each student tried 
each skill required, but focused on a role within the 
group such as an electronics engineer, a design 
engineer or software engineer. Close collaboration 
was required between group members. The 
designer needed to understand the dimensions of 
the electronic boards and solar panels in order to 
produce an efficient design. The electronic engineer 
needed to problem-solve the connections of 
components to the Arduino and worked closely with 
the software engineer. To be successful, each group 
member had to display the 21st Century skills of 
collaboration and communication to ensure effective 
teamwork. Each group member’s skills were valued, 
and this is leading to better outcomes. Furthermore, 
this type of multidisciplinary project is much more 
engaging for students because they have the 
opportunity to explore new skills not ordinarily used 
within traditional subject disciplines.

This project opens up the possibilities to explore further problems with settlement on Mars. For 
example, environmental monitoring and the use of sensors at outposts to maintain life. Setting 
up advanced warning systems on Mars is a further extension that builds on the knowledge 
gained in this unit of work. This shows students how useful knowledge and skills from one 
application of Science, Technology, Engineering and Maths can be applied successfully in 
different contexts.

The project also exposes each student to a wide range of skills:

Skills

 CConclusion

3D Modelling with CAD Coding Microprocessors

Schematics Soldering

Research


