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Abstract 
 
This thesis presents the work of  adding support for a communications protocol  
in a space application. The work is a part of KTHs MIST (MIniature STudent 
Satellite) project which aims at sending an experimental satellite into space. 
Each experiment on the satellite is designed as a subsystem. These subsystems 
need to be able to communicate with the main computer on the satellite in order 
to transfer the results of the experiments down to earth. In efforts prior to the 
current thesis, a special communications protocol has been specified to solve 
this problem. That protocol is called MSP (MIST Space Protocol). This paper 
describes the efforts to add support for MSP to two of the satellite’s 
experiments. These two experiments are called SiC in Space and Piezo-LEGS. 
However, since Piezo-LEGS is incompatible with the I2C bus in which MSP 
runs on top of, it must communicate through the SiC experiment. Which parts 
of the protocol that need to be supported by each experiment are defined. The 
result of the work is that the experiments can communicate with the main 
computer through the MSP protocol. 
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Sammanfattning  

 
Denna kandidatuppsats beskriver arbetet med att implementera MSP 
protokollet för de två experimenten SiC och Piezo-LEGS. 
Syftet med MIST projektet är att skicka upp en experimentsatellit i 
omloppsbanan runt jorden. I satelliten finns ett antal experiment.  De två 
experiment som arbetet ar fokuserat på är ”SiC in Space” och ”Piezo-LEGS”.  
 
SiC-experimentets syfte är att man ska göra mätningar på en kiselkarbid (SiC) 
transistor i rymdens vacuum. 
 
Syftet med Piezo-LEGS experimentet är att man vill mäta hur prestandan för 
en piezoelektrisk motor påverkas i rymden. 
 
 
Inom MIST-projektet har ett kommunikationsprotokoll som kallas MSP 
utvecklats för kommunikation mellan satellitens huvuddator och 
experimenten. I detta arbete har MSP protokollet implementerats för 
experimenten SiC och Piezo-LEGS 
 
Eftersom Piezo-LEGS experimentet är inte kompatibel med I2C bussen som 
används av MSP protokollet, utan istället använder sig utav ASCII-kommandon 
via RS-485, måste MSP kommandona översättas till ASCII-kommandon utav 
SiC. 
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1 Introduction 

This project is part of a larger project where a satellite is to be launched into 
space to perform several experiments.  
 
The current chapter will go through the background of the two experiments 
covered in this paper, - one experiment to test how semiconductors made of 
silicon carbide (SiC) will perform in space and the other experiment to test the 
durability of a piezoelectric motor. 
 
The project is a continuation of the work done previously. The focus on the work 
covered in this report will be on enabling two of the payload experiments to 
transfer their result to the main computer in the satellite. The main computer 
or onboard computer is called the OBC. Transferring the results to the onboard 
computer is necessary in order to obtain the experimental data on earth. The 
ability of the payloads to communicate with the rest of the satellite is crucial for 
the success of the project. 
 
The software must be tested against bugs since it will be impossible to update 
it once deployed in space. Commands for the communication must be 
implemented on the OBC side as well. In order to assist the OBC team with the 
implementation, the MIST group has suggested that a simulator should be 
developed. This simulator should be able to act as the experiment (in our case 
two experiments) to give the OBC team a platform to test against during 
development. 

1.1 Background 

The last years a substantial amount of research has been devoted to finding a 
suitable material for the electronics system in a Venus lander. One of the 
materials that have been chosen as a suitable candidate is called silicon carbide. 
It has already been established that silicon carbide can resist the high 
temperature on Venus [1]. 
The next step is to research how transistors made by silicon carbide will behave 
in the space. To do that, an experiment has been designed to measure the 
behavior of the transistor in orbit. 
 
Meanwhile, a project has been run by KTHs space center with the goal to create 
KTHs first student satellite. The project is called MIST (MIniature STudent 
satellite). The satellite will carry six scientific experiments into space, one of 
which will be the silicon carbide transistor experiment discussed above. 
 
Another experiment that will be carried into orbit by MIST is called Piezo-LEGS 
and are devoted to researching the durability of a piezoelectric motor when 
operated in space. The experiment is designed in such a way that it is using a 
different standard for communication and is dependent on a special high 
voltage power supply. This means that Piezo-LEGS is not directly compatible 
with the rest of the satellite. Piezo-LEGS will, therefore, receive assistance from 
the silicon carbide experiment circuit board. It means in other words that the 
SiC will work as an adapter between Piezo-LEGS and the rest of the satellite. 
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1.2 Problem description 

There are three main problems/tasks covered by this thesis: 
 
1) Create a simulator that can be used by the OBC-team in order to ease the 

development process. Enhancing the SiC simulator executing on an Arduino 
platform (DUE) to enable testing with the rest of the satellite without the 
need of access to the SiC PCB itself. 

2) Implementing MSP (MIST Space Protocol) for the SiC experiment. This 
implementation must enable both the SiC experiment itself and the Piezo-
LEGS experiment to communicate their test data with the main computer 
(OBC). 

• Decide which MSP commands that are suitable for the given task 

• Find a way to integrate MSP against the hardware using the HAL 
library. 

• Test and validate the implementation 
3) Finalize the software. The software needed further development in order to 

make it “launch-ready”.  

1.3 Purpose 

The purpose of this paper is to document the process used during the 
implementation of the MIST communication protocol for the two payloads: SiC 
and Piezo-LEGS. It will also document the implementation of a simulator for 
both experiments. 

1.4 Project Goals 

The main goal for the project is to enable the two payloads SiC and Piezo-LEGS 
to exchange information with the main computer on the satellite. A new version 
updated version of the already partly developed software must be created. 
There are two changes that need to be made in the existing software: 

• MSP needs to be integrated with the rest of the software. 

• ASCII communication needs to be added for Piezo-LEGS. 
 
By carrying out the project, the aim is to help the process of collecting data 
describing how a piezoelectric motor and silicon carbide transistor will behave 
in the environment of space.  

1.5 Social benefits, Ethics and Sustainability 

This work will benefit the KTH and MIST group since it will allow the MIST 
satellite to work in space. It will also be beneficial for KTH if the launch is 
successful since it will draw attention to KTH as a name and increase KTHs 
market value. This could lead to more students applying. 
 
From a perspective, the project could also be beneficial to the space industry 
since it will attract new interest in working on space-related projects. 
 
It will benefit the SiC in Space project, which is one of the experiments included 
in the satellite. Previous research has been done on the material SiC and how it 
performs in a difficult environment. Previous tests indicate that SiC can be used 
in a space environment, this is the background to further tests in space 
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atmosphere. In addition, it will benefit future planned launches of satellites that 
will use SiC as a material to perform various types of experiments. Sending up 
a satellite to Venus is something that KTH may want to do in the future. SiC as 
a material can be a good alternative to more traditional semiconductor 
materials because of its special properties. To understand if this is the case 
knowledge from the MIST project and the SiC experiment can be helpful. 
 
This project will also benefit PiezoMotor AB to see how sustainable their 
product is in the space atmosphere. The Piezo motor is suitable for high 
precision applications. If it can withstand the extreme environment in space 
and maintain its precision it is useful in many space applications. 
 
Satellites who sent to space will stay there for a long time, even when they are 
not used anymore. This contributes to space waste. It is estimated that there are 
about 170 million parts of space scrap currently floating around in orbit [2].  
 
This will not be a problem for the MIST project since it will be in the lower part 
of LEO. This means that the MIST satellite will burn up after the mission is 
completed. 

1.6 Methodology and management 

There was two types of methodologies used during the project. They are covered 
below. 

1.6.1 Project methodology 

The Scrum project methodology is a lightweight framework designed in order 
to help teams work together. Scrum is a type of Agile method meaning that it 
estimates the project scope and fixes resources and time rather than the other 
way around [3]. 
 
This project methodology was chosen for two main reasons: the first reason 
being the agile nature of scrum making it suitable for this project since the final 
requirements are not yet defined and constantly changing; the second one being 
that both the participants already are familiar with scrum, resulting in a smaller 
overhead  contrary to learning a new project methodology.  

1.6.2 Scientific methodology 

Qualitative research is research where the result is derived from theoretical 
understanding using a small dataset. Quantitative research, on the other hand, 
relies on studying large data sets in order to find correlations from which 
conclusions can be drawn [4]. 
 
The project will consist of two phases in terms of the scientific methodology 
used. The first phase will consist of a qualitative pre-study where previous work 
on MIST will be studied together with the relevant general theory in order to 
get a solid foundation in which the work could be built on.  
 
The empirical research methodology is based on direct observations, usage of 
statistical records or/and experimental methods of actual practices. 
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For the second phase, the empirical research method has been selected. This 
method is suitable since measurements and testing will be used to ensure 
proper functionality. There might be testing of the quantitative type performed 
here as well to ensure proper functionality. 

1.7 Employer  

The project work is organized by KTH and is part of KTH's MIST project. 

1.8 Delimitations 

The emulation only covers the SiC and the Piezo-LEGS experiment. Where the 
communication between the experiments only take place with I2C and RS-485 
is not utilized. 
 
The communication between SiC PCB and OBC are via I2C. Where OBC sends 
its command and the SiC PCB answers. The OBC should be able to tell when the 
SiC experiment should run and when the result should be sent back. 
 
It is only via SiC PCB that the Piezo-LEGS can communicate with OBC utilizing 
RS-485 link. In this project, the communication protocol is only constrained to 
the fact that the communication takes place via the OBC and the experiments 
i.e. OBC sends a request to Piezo-LEGS and when it runs the experiment, the 
result is being sent to OBC. Communication between OBC and earth is not 
included in this project. The communication between OBC and the other 
available experiments will not be a part of this project. 

1.9 Structure of the thesis 

 
Chapter 2  
Describes the background of the MIST project and SiC in Space. It will also 
describe the previous degree projects and what it has accomplished. 
 
Chapter 3  
Presents scientific and project Methodology / Methods used in this research. 
 
Chapter 4  
This chapter describes what materials have been used to develop the work. 
 
Chapter 5  
This chapter describes the test setup while developing and debugging. 
 
Chapter 6 
This chapter describes what needs to be updated from previous work. 
 
Chapter 7 
Describes the communication command flow within the MSP protocol and how 
it has been developed based on SiC and Piezo project. 
 
Chapter 8 
Describes the implementing communication on the SiC PCB. 
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Chapter 9 
Describes how the software has been developed. 
 
Chapter 10 
Here the results are described and how to test it and analyze the results of work. 
  
Chapter 11 
This chapter will discuss what obstacles existed and the work to mitigate these 
obstacles.  
 
Chapter 12 
The summary of results is described here. 
 
Chapter 13 
Describes what is left to be done in future work. 
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 Project background 

The MIST project is going to launch a satellite to space. The satellite will carry 
6 experiments out in space. The two experiments addressed in this paper is 
called SiC and the Piezo-LEGS. This chapter will go through the background of 
the two experiments. 
 
This chapter covers some of the previous work on the SiC project and the 
reasoning behind it. 
 
An understanding of previous work is important in order to understand what 
has been done before and what’s left to be done. 

2.1 MIST 

This project is a part of the MIST project at KTH. MIST stands for Miniature 
Student Satellite (MIST). This chapter will give an introduction and some 
further insight into what MIST is about. 

2.1.1 The MIST Mission / What is MIST 

The MIST-project is an initiative by KTH:s space center aiming at sending a real 
satellite up into orbit in space [5]. 
 
The project itself was started on January 28, 2015. Since then, the project has 
been handed over to other students several times to continue to develop the 
project until it is ready for shelling. In addition to the students, some of KTH 
employees are also involved in MIST. 
 
Dr. Sven Grahn, a KTH engineering physics graduate (1969) and veteran of 
Swedish space activities. There will be a total of 6 experiments carried on board. 

2.1.2 The satellite structure and experiments 

An overview of the different experiments that will be carried onboard the 
satellite: 
 
Table 1. The satellite structure and experiments 

Name: Description: 
CubeProp A propulsion system for CubeSats 

Piezo LEGS Tests if piezo motor technology is suitable for use in space. 

CUBES The goal of cubes is to study how Silicon photomultiplier 
can be used to measure x/gamma radiation in space. 

SiC in Space An experiment testing how silicon carbide semiconductor 
technology can persist in the environment of space. 

RATEX-J A prototype of a solid-state particle detector for detecting 
radiation on Jupiter 

SEUD SEUD aims to test a new type of “self-heling” or fault-
tolerant computer developed for use in space. 

 
The satellite's structure is predicated on a model called CubeSat. A CubeSat is a 
type of nano-satellite modeled from 100*100*100 mm cubes.  
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This type of satellite is commonly utilized for experimental satellites. After the 
first CubeSat satellite was launched in 2003, more and more CubeSat satellites 
have been launched to the Earth's orbit [6]. 
 
When it comes to the MIST project, the satellite will host several experiments. 
The satellite will be equipped with solar panels that charge the battery on the 
satellite. The battery delivers 14 volts, 5 volts, and 3,3 volt and drives all 
experiments that are supposed to run on the satellite. Together with OBC (On-
Board Computer). The OBC has control over the power supply system and how 
it should be distributed among the different experiments. The following Figure 
illustrates how the different experiments are mounted in the satellite. The two 
boards at the bottom is SiC and Piezo-LEGS (with the gray box being the piezo 
motor).  

2.2 Piezo LEGS in space 

The second experiment that is covered in this thesis is called Piezo-LEGS. 
Piezo-LEGS is a type of electric motor that utilizes small legs made from piezo-
ceramic material in order to create motion. The benefit of this technology is that 
high precision can be achieved. The precision could be up to Nanometers [7]. 
The experiments aim at testing the durability of the motor when operated in 
space. The test will be executed by measuring how the performance declines 
over operation time. The absence of air subjects the motors to more friction, 
resulting in more wear, which has been confirmed in high vacuum tests on earth 
[8]. 

2.3 SiC in Space 

Research has been devoted to finding semiconductor materials that are suitable 
for harsh environments. One of the materials which have been investigated is 
called Silicon Carbide. The reason silicon carbide is considered is due to its 
special properties. This includes the ability to withstand temperatures up to 

Figure 1. The overall structure of the satellite. The picture is 
taken from the mist team dropbox.  
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500 °C. This has been shown through experiments on earth conducted by 
KTH:s principal investigator group [9]. 
 
The average temperature of Venus is 462 degrees Celsius. Which means that 
silicon carbide (SiC) should be able to handle the Venus harsh environment 
[10]. 
 
It is therefore of great interest to demonstrate that the silicon carbide 
semiconductor technology is viable to use in the space environment. It is for 
this reason that the SiC in space project is created. The experiment will be 
conducted by sending out two transistors in space, one transistor made of 
normal silicon (as a reference) and another transistor made of silicon carbide. 
Test data will be collected from both transistors and the results will be 
compared in order to determine the difference in performance. 

2.4 Previous work on the SiC in Space 

The SiC in space project has been going on for several years. The project goal 
was to design a PCB for measuring Si and SiC BJT in LEO. The results of the 
previous work will be briefly covered by this section.     

2.4.1 Design of microcontroller circuit and measurement software 
for SiC and MOREBAC experiment 

This task of designing the circuit for the SiC experiments was carried out in 
2016 by Hannes Paulsson and Mikael André [11]. An MCU was chosen which 
was suitable for the SiC project. To meet the requirements of the SiC in Space 
project, an MCU with at least 10 ADC channels with a resolution of at least 10 
bits was chosen. The MCU used is the STM32L053C6 MCU from ST 
Microelectronics. 

2.4.2 Design of measurement circuits for SiC experiment 

The project was carried out by Matthias Ericsson and Johan Silverudd. The task 
was to design the measuring circuits for the SiC experiment [12].  
 
This was done by designing a PCB with the ability to measure and calculate the 
base current (Ib), the base-emitter voltage (Vbe), the collector current (Ic) and 
the temperature of the transistor.  

2.4.3 Design of power supplies for Piezo LEGS and SiC experiment 

The goal of this project was to design power supplies for the Piezo LEGS and 
the SiC experiment. The project was conducted by Simon Johansson [13]. One 
part of the project consisted of an analysis of the power supply. The CubeSat 
battery provides 3.3 volts, 5 volts, and 14 volts. The Piezo LEGS needs a 48 volt 
with 15mA supply. It was paramount to design the circuits so that the security 
level is kept high in case the circuit would short. 

2.4.4 Design and test of SiC circuit board for MIST satellite 

Describes the design of a PCB containing circuits used to measure a silicon 
carbide transistor in space. The work was carried out by Daniel Rosenkvist and 
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Johan Eriksson [8]. The goal of their work was to design the final PCB and to 
make a test plan for the final PCB and document this. It would also implement 
a battery bus power switch to provide overcurrent protection for the battery. 

2.4.5 Embedded programming and construction of the PCB SiC in 
Space Experiment 

A part of this project is about how the software has been developed for 
communication via I2C and RS-485. The HAL library is utilized to make the 
development easier [14]. 
 
What has already been implemented: 
 

• Hardware for the communication between the SiC PCB to Piezo-LEGS 
via RS-485. 

• The transmission of data via I2C. 
These two implementations are based on the HAL library. 
 
What is left to be developed: 
 

• Structure of how the communication to be implemented between OBC 
and Piezo-LEGS is not confirmed. 

• Piezo-LEGS needs ASCII command.  

2.5 A communication protocol in space 

A communications protocol is needed to allow the experiments onboard on the 
satellite to talk to the mainframe computer (OBC). Such a communications 
protocol has already been specified previously by John Wikman and Johan 
Sjöblom. The protocol is called MSP. This protocol needs to be implemented for 
both the SiC experiment and the Piezo-LEGS experiment. 
 
If one wishes to fully understand the protocol, the full specification can be read 
in the doc: M115 [15]. However, a short introduction will be given below in order 
to follow the reasoning behind the implementation presented in this thesis. 

2.5.1 I2C 

I2C is a synchronous serial communication bus that was originally developed 
by Philips.  The purpose of the bus is to allow one device (referred to as master) 
to communicate with several other devices (referred to as slaves). The bus 
utilizes two lines: SDA (Serial Data Line) and SCL (Serial Clock Line). I2C can 
use both 5 and 3.3 volts and either 7 or 10 bit long addresses [16]. There are 
several standardized speeds to choose from varying from 100kbit/s to 
3.2Mbit/s [17]. 

2.5.1.1 I2C on the STM32 MCU STM32L053c6 

The I2C standard is implemented by the hardware of the STM32 
microcontroller utilized on SiC. There is a total of two I2C peripherals with the 
support of two slave addresses on each.  Three modes are supported by the 
MCU: 

• Multi-master mode 

• Master mode 
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• Slave mode 
There is be a limitation of the maximum speed that could be used in the MCU. 
This is due to the low clock speed used in the MCU. The low clock speed was 
selected in order to minimize heat output since the heat dissipation is limited 
due to that there is vacuum. 

2.5.2 RS-485 

Piezo-LEGS requires the use of RS-485 to communicate. Commands are sent 
to Piezo-LEGS using plain-text ASCII. RS-485 decreases noise by using 
differential transmission. This reduces system electromagnetic interference 
[18]. 
 
RS-485 is used in remote communication between several systems that are 
connected to the same line. These lines enable high signal speeds and long-
distance lines up to 50 Mbit [19]. 

2.6 The communication structures 

The communication between the OBC and the two experiments is done via I2C 
and RS-485. It is OBC that decides when one of the two experiments will receive 
power and when they will run the experiments and when they will send back 
data. The SiC PCB acts as a communication bridge between OBC and Piezo-
LEGS. When first the OBC sends a command via I2C to the SiC PCB and then 
the SiC PCB sends the command to Piezo-LEGS. The figure below illustrates the 
communication through the experiments. 

 

2.7 MSP 

The MSP protocol is layered on top of I2C. The I2C communication runs in 
master-slave mode. The only master on the bus is the OBC. The protocol uses 
frames to exchange messages between the two parts. There are two types of 

Figure 2. The communication structure 



11 
 

frames: Header and Data frames. The purpose of header frames is to exchange 
what type of data that will be transferred and how much of it. After Header 
frames have been exchanged, the data is exchanged through Data-Frames. The 
address from I2C is used in MSP to address which recipient that the master 
wants to talk to. The address is not part of the frame itself but is still included 
in the checksum at the end of the frame.  
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 Methodology 

Firstly, a qualitative pre-study is conducted where previous work on MIST are 
studied and are combined with relevant theory that can be accessed using 
available sources. By doing so a better picture of the system is obtained together 
with a better understanding of the different problems that need to be solved. 

3.1 Literature study 

During the literature study, the MSP protocol was studied in order to 
understand how the emulation on the Arduino platform should be developed. 
This was done studying the readme file for the MSP protocol [20]. The readme 
file there were code examples explaining the different parts of the MSP library. 
 
The document that described how to use the MSP library were also studied. The 
document explained what had to be done when developing an emulation that 
should illustrate an experiment [21]. 
 
Previous work for the SiC and Piezo-LEGS experiments has been studied to get 
a better understanding of the previous projects. This was helpful in order to 
understand how the circuit board for SiC PCB has been developed. It was 
important to understand the PCB design, for example, to be able to 
troubleshoot when a short circuit would occur on the PCB. Besides that, files in 
the MIST project have been studied in relevant areas for SiC and Piezo-LEGS, 
where there were documents that described the relevant areas in more detail.  
 
The technical manual for Piezo-LEGS was studied which describes the various 
commands that Piezo-LEGS has and other functionalities that Piezo-LEGS has, 
including power supply, board rate and much more. 
 
Commands for starting Piezo Motor, stop it and sending data, were some of the 
commands that were used in this project. 

3.2 Documentation 

When developing the software for Piezo-LEGS and the SiC PCB, it is important 
that the software is developed in such a way that other developers can 
understand the code. This is done by documenting the code that has been 
developed. It is important for the MIST group to be able to understand the 
software. 

3.3 Testing 

The IAR IDE will be used for development and debugging. An I2C debugger will 
be used to observe the actual data being sent.  

3.4 Notes on the scientific method 

When developing software for deployment in space, it is important to be able to 
ensure correct functionality since updates can’t be performed to fix bugs that 
could be detected after deployment. 
 
To achieve reliable software, it is important to rely on a scientific method rather 
than doing guesswork. A mixed research approach will be used in this work. 
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Since software development revolves around humans and human evaluation of 
how the software behaves, a scientific method that takes the human fault factor 
into account must be chosen. The empirical scientific method is based on 
observations done either by humans directly or indirectly through calibrated 
scientific instruments. 
 
Experiments can consist of verifying a theory by changing one parameter while 
retaining the other parameters and draw conclusions from studying the 
changes in the output. This could be performed by creating a hypothesis 
describing how a certain change in the software will affect the output of the 
program, and then testing that theory thru experimentally and validating the 
output against the expected output. The software could be validated through a 
Quantitative approach by sending in a large data set, containing all possible 
theoretical use cases, to test all different paths the program can take during 
execution.  
 
A theoretical approach could be to create a hypothesis on how a certain change 
in the software will affect the result. Then the memory and exact execution of 
instructions could be studied to examine that the program executes as expected. 
 
To validate the result, different tools are used, including a debugger, I2C 
analyzer and possibly voltmeter and an oscilloscope. 
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 Tools for developing 

This chapter will deal with the tools that have been used in this project. It will 
describe the reason and why these specific tools were used, such as hardware 
and development environments and datasheets. 

4.1 Arduino DUE 

Two Arduino DUE (A000062) boards have been used to illustrate how 
communication would take place. One Arduino would represent OBC and the 
other Arduino would represent both SiC and Piezo-LEGS. To do this both 
Arduinos are connected to each other via I2C.  

4.1.1 Arduino development environment 

The development environment used to program the emulator was the Arduino 
IDE. Visual Studio Code was used as well since it has a more advanced tool 
built-in, which makes development easier. The code written by John Wikman 
was used as a base of the project. The programming language used was C and 
C++. The serial monitor tool that comes built-in the Arduino IDE was used in 
order to observe the communication data flow. 

4.2 STM32 F3 Discovery Board 

STM discovery board was used to program the SiC PCB. The reason for using 
the discovery board was that the board contains a debug chip that enables 
debugging via ST-link.  

4.3 SiC PCB 

The SiC PCB card has already been assembled and uses the STM32L053C6 
MCU. It is from this card that the SiC experiment will be performed. The 
software is written to the microcontroller via the STM32 F3 Discovery board. 
The OBC sends its command via I2C to SiC PCB. The SiC PCB works as a 
converter and converts commands to ASCII for Piezo-LEGS to be able to receive 
it. 

4.4 Piezo-LEGS controller PMD401 

Piezo-LEGS controller is the circuit board that will receive a command from 
OBC via I2C to the SiC PCB and then the command will be forwarded to Piezo-
LEGS via UART/ RS-485.  
The UART peripheral is used for SiC to communicate with Piezo-LEGS. The 
data stream is then converted on an electrical level to RS-485 via a converter. 

4.5 IAR development environment 

The development environment that has been used to develop the experimental 
communication protocol and other functionalities is IAR embedded 
workbench, where the programming language is C. During the development of 
the software, IAR's built-in functionalities have been used to debug any errors 
that have occurred and to verify that the specific functions that have been 
written and developed work as intended. The terminal I/O was used to both 
debug and see what data is being sent and what is received. The live watch 
debug tool was used to see if data was received correctly after the experiments 
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for Piezo-LEGS and SiC had completed. A built-in system was used to debug, 
and errors were troubleshot using breakpoint debugging.  

4.6 STM32CubeMX 

STM32CubeMX was used to configure the clock speed.  

4.7 HAL library and datasheets 

The development was built on the code written by a Hussein Hatemipur 
previous year. The HAL-Library is one of the libraries offered by ST-electronics 
to make it easier to interface the microcontrollers hardware peripherals. This 
library was used in the code base, so it made sense to use it for the continued 
development  

4.8 Beagle I2C analyzer 

To be able to analyze if the MPS protocol works correctly on a frame exchange 
level. The Beagle I2C analyses were used to see how individual frames were 
exchanged between the SiC-PCB and the OBC simulator.  

4.9 Use of Git in the project 

Git was used as a version control system. The popular site Github was used to 
store the source code. Git is a tool that allows very efficient backtracking of 
previous stable versions of the codebase. It was also a prerequisite for allowing 
common development of the code between the contributors to the project. 
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 Test setup while developing and debugging 

The following setup was used during development, in order to test the system. 
The figure below shows how the hardware is connected to each other. The setup 
hardware used is for development and is different from the hardware used in 
the real project. 
The difference from the real hardware is as follows: 

• The Arduino board is used as an OBC simulator and will not be used in 
the real project. 

• A slightly different model of the piezoelectric motor will be used. 

• A redesigned SIC PCB will be used.  
The differences above are considered small and should not impact behavior. 
Even though functional behavior should be the same between the test HW and 
the real HW it is likely that there will be small differences in as an example 
timing. Based on these small differences it is still important to do final testing 
using the correct HW for the experiments. This is due to that the possibilities 
for troubleshooting are limited in space. 

1. SiC-PCB 
2. STM32F3Discovery used as a 

programmer 
3. PMD401-Controller  
4. Piezo-motor and sensor 
5. OBC simulator 
6. I2C analyzer 

 
 

A. Power (14V, 5v, GND) 
B. I2C 
C. RS-485 & 48V Power 
D. Programming interface 

Figure 3. The hardware setup used when developing the software 
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 Additions to previous project phases 

During the integration efforts of the project, it was discovered that some 
adaptions of the previously existing code were needed to get a working system 
solution together with the currently implemented code. 

6.1 General errors 

The SiC PCB that initially was to be tested had one error that was discovered 
early in the project. The discovered problem was a temperature issue. 
Immediately after power on, the temperature of the MCU exceeded the 
specified operating temperature. The first theory was that the MCU was 
incorrectly soldered onto the PCB, causing a short circuit. Another hypothesis 
was that the voltage supplied by the 3.3 linear voltage converter had an 
incorrect voltage level. The faulty location measurements, however, showed 
that the board was without any of the suspected problems.  The temperature 
issue was resolved by replacing the MCU. The conclusion was that the most 
likely cause was a short circuit, external to the PCB, that was created somewhere 
during development. 

6.2 RS-485 communication for Piezo-LEGS 

Overall in the project, there have been several integration issues, fixing those 
that have been quite a time-consuming task. 
 
One of these has been to get the communication between the Piezo-LEGS and 
SiC PCB to work properly. Initially, it seemed like there were parts of the 
communication driver code missing and efforts were spent to try to complete 
the implementation. After adding the missing design, however, source code was 
found in an unexpected location of the project that might have provided the 
missing functionality. But at that point in time, the missing implementation had 
already been re-designed. 
 
At first-hand sight, it was not obvious that the reason for the malfunctioning 
communication was the missing implementation described above. Given the 
symptom, that it was impossible to supply the Piezo-LEGS with power, the 
initial suspicion was that there was a bug in the existing communication driver 
code. 
 
In order to debug the problem, the oscilloscope was used to measure the pulses 
to see which type of data was being transmitted. These measurements indicated 
that the clock frequency for the UART was too low, so the clock interval needed 
to be adjusted from ms to µs. 

6.3 Watchdog 

A watchdog was enabled in the code which was written the previous year. This 
watchdog was not mentioned in any of the previous theses and was therefore 
undetected during the largest part of the project. The resulting behavior was 
that the code executed in unpredictable ways. Some of the code was therefore 
developed on an F3 Discovery board and later ported over to the STM32L0 
MCU. The assessment was made that the watchdog wasn’t needed since the 
hardware can be restarted from the OBC.  
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6.4 Communication for I2C with SiC PCB 

The I2C cable that was used for the SiC development board was incorrectly 
labeled. This resulted in that the I2C communications would not work since 
the SCL and SDA worked contrariwise to the correct way. A lot of time was 
spent trying to debug the I2C communication before the underlying problem 
was detected. One of the reasons for that this problem consumed a lot of time 
was due to the incorrect suspicion that the fault was in the software. Another 
problem with the I2C was the address. It was discovered that the address 
written to the address variable in the HAL library needed to beright-shifted 
relative to the normal address. This was found through using beagle and the 
cube code initialization software. The address must be entered using hex in the 
CubeMX software.  

 
The following two changes were made: 
 

• Swapped the SDA and SCL cable. 

• Changed the speed of I2C. 
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 MSP protocol for Piezo-LEGS and SiC 

The MSP protocol is a protocol written by John Wikman and will be used for 
internal communication to allow the subsystems in the satellite to talk to each 
other. 

7.1 Defining the communication command flow 

To enable the two experiments to communicate with the OBC through the MSP 
protocol, the set of commands to be supported were defined. The basic 
communication flow also had to be designed. Different approaches could be 
used in order to solve this problem. The approach chosen was to design the 
communication in such a way that the amount of data sent would be minimized 
which should result in potentially less corrupt MSP-frames. 
 
In order to achieve this, the design process was focused around use cases where 
only commands that have a specific use case was introduced. 
 
Two separate MSP data interface specifications have been written for Piezo-
LEGS and SiC. The specifications describe in more detail which commands are 
used and what they mean. For more details on how to interface with the 
experiments via MSP, refer to these two documents. Each command is 
represented as a transaction in MSP which means that the OBC can carry out 
tasks while waiting for SiC to perform a given task [22]. 

7.2 Emulation with Arduino 

When creating the Arduino experiment emulator, two Arduinos were used 
where one symbolized the OBC and the second one the experiment. The 
experiment emulator was built on the simulator written by John Wikman.  
Only the I2C communication is emulated. LEDs were used as a simple way to 
indicate the status of the experiment. When creating the emulator, only one I2C 
address was used for both experiments. This needs to be updated. 

7.2.1 Implemented command in the config file 

An OBC simulator has already been created, and the simulator was configured 
by writing the correct commands in the included config file and executing the 
included Python script which puts together the project based on the commands 
specified.  
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 Implementing communication on the SiC PCB 

When implementing the communication on the SiC PCB, the code developed 
from previous years was used. The code was integrated with the MSP library 
code written by John Wikman. In order to test the communication for the SiC 
PCB, the Arduino-based OBC simulator that was configured in the previous step 
was utilized. The Arduino emulator and the SiC PCB were connected using the 
I2C bus. 

8.1 Implementing the I2C communication 

The existing HAL implementation of the I2C driver relied on the user input of 
both the transaction direction and how much data that was going to be 
received/transmitted. This caused a problem since MSP does not have a way to 
determine these parameters beforehand. This problem was solved by creating 
a new version of the HAL I2C driver that was not dependent on these 
parameters. To be able to determine the direction, the direction bit sent over 
the bus was used instead, and to determine the amount of data, the stop 
condition was used. These could be read from the STM32 MCU:s inbuilt I2C 
peripheral. 
 
The use of the polling implementation of the driver was also changed for the 
interrupt-based implementation which made integration against MPS easier. 
However, one downside to using the interrupt-based implementation is that 
different tasks carried out by SiC could be interrupted. Another problem is that 
SiC needs a way to know which experiment is called. This was first solved by 
using a function in the MCU which allows for several I2C addresses to be used 
for one I2C peripheral. Some modification was needed in order to make MSP 
support two I2C addresses. This was necessary since the address is included in 
the MSP checksum even though it is not a part of the frame itself.  

8.1.1 I2C clock frequency 

The I2C can only handle the standard mode clock speed currently. An 
experiment was performed where the clock speed of the I2C peripheral was 
increased to investigate if the higher speed could be supported, however the 
experiment was conducted without success. 

8.2 Adding EEPROM saving feature to save the MSP sequence 
flags 

MSP demands that the sequence flags are saved in non-volatile memory since 
the communication are continued between power cycles. The flags contain the 
last frame id for all types of commands and if the command has been initiated 
(is set the first-time a command of a specific type is received). If the last frame 
id doesn’t match the expected frame id, MSP will choose to throw away the 
command, and the callback functions will not be called. The result will be that 
the commands aren’t carried out. In order to store the flags, the decision was 
made to use the MCUs inbuilt EEPROM memory. The STM32L053c6 comes 
with 2047 bytes of included EEPROM. The EEPROM has about 2047 bytes 
read-write cycles given extreme temperatures. To increase the life span, a 
feature was added to change where the data is written dynamically in the 
EEPROM. The first approach to writing such driver was to store a data pointer 
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in the lowest part of the EEPROM and increment whenever the sectors 
currently used was worn out. This would have been the fastest approach, since 
no execution time must be spend searching for the location where the data is 
currently stored, however, the problem was that the program will stop working 
correctly when the EEPROM has reached the last address (end of EEPROM). 
Even though this should have lasted a relatively long time (longer than the 
expected lifetime of the satellite), some criticism was given to the solution in 
the final presentation. As a result, a circular driver was implemented instead. 
The advantage to the circular driver in comparison to the old driver is that all 
segments in the EEPROM get worn evenly. The driver was based on ATMEL'S 
circular EEPROM application note [23]. 
 
In short, the memory is divided into 10 equally sized sections, where 8 are used 
for actual data storage. The first section is used to store the index buffer which 
addresses are directly mapped to addresses in the other buffers. 
To reset the index buffer in beforehand, the following function could be used: 

  
The last buffer is storing a simple checksum which could be used to check that 
data isn’t corrupt. If the flags were to be corrupt, a new set can be generated.  
 

 
Figure 4. Memory allocation 

 
Based on the new implementation, the lifespan could be estimated by: 

• 𝑡𝑜𝑡𝑎𝑙𝑀𝑒𝑚𝑜𝑟𝑦 = 2047 𝑏𝑦𝑡𝑒𝑠    
• 𝑚𝑎𝑥𝑅𝑒𝑎𝑑𝑊𝑟𝑖𝑡𝑒𝐶𝑦𝑐𝑙𝑒𝑠 = 2000 cycler 

• 𝑏𝑦𝑡𝑒𝑇𝑜𝐵𝑖𝑡 = 8 

• 𝑓𝑙𝑎𝑔𝑆𝑖𝑧𝑒 = 128 bitar 
 

𝑢𝑡𝑖𝑙𝑖𝑧𝑒𝑑𝑀𝑒𝑚𝑜𝑟𝑦 ≈ (
𝑡𝑜𝑡𝑎𝑙𝑀𝑒𝑚𝑜𝑟𝑦

10
) ∗ 8 ≈ 1637 

 

𝑚𝑒𝑚𝑜𝑟𝑦𝑈𝑠𝑒𝑑𝑃𝑒𝑟𝐷𝑎𝑦 =
𝑢𝑡𝑖𝑙𝑖𝑧𝑒𝑑𝑀𝑒𝑚𝑜𝑟𝑦 ∗ 𝑚𝑎𝑥𝑅𝑒𝑎𝑑𝑊𝑟𝑖𝑡𝑒𝐶𝑦𝑐𝑙𝑒𝑠 ∗ 𝑏𝑦𝑡𝑒𝑇𝑜𝐵𝑖𝑡

𝑓𝑙𝑎𝑔𝑆𝑖𝑧𝑒 ∗ (24 + 12)
 

 
𝑚𝑒𝑚𝑜𝑟𝑦𝑈𝑠𝑒𝑑𝑃𝑒𝑟𝐷𝑎𝑦/365 ≈ 15.5 years 

 
Given that 1/5 of the memory will be used by the index table and checksum 
buffer, and SiC will run 24 times per day and Piezo 12 times [24]. 
 
The result is that the EEPROM should last for 15 years in the worst-case 
scenario. This is shorter than with the fist implementation, however, the reality 
is that it should last longer since the EEPROM most likely will last more than 
2000 cycles and since the driver won’t go outside the EEPROM memory 
address space. 
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8.3 Adding code for controlling Piezo-LEGS 

The code needed to be developed for sending commands to the Piezo-LEGS. 
Three commands are used in total, XM3 (start experiment), XM4 (stop 
experiment) and XU6 (collect data). When the response data is collected a  
 
One problem is that the HAL library function requires the amount of data that 
are going to be received to be specified. This meant that the only way data was 
received was through the function timing out. The function is therefore called 
multiple times reading only one character from the buffer each call until the \r 
ASCII character is received. In this way, it can be determined when the 
communication is finished. This decreases the time it takes to receive data from 
Piezo-LEGS because there’s no need to wait for timeouts. 
 
 
The checksum for the data received from the piezo motor controller board via 
rs-485 is calculated on SiC. The function: 

  
The variable  

 

specify how many times the code should retry fetching the piezo legs result 
before giving up. If the data fetch fails, the buffer will be empty. 
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 Software structure and communication 

The structure of communications protocols for sending commands to run the 
experiments and then sending it back is done through various methods, where 
I2C and UART have been used. 

9.1 Main loop 

The following diagram illustrates the how the main part of the program works 
on a high level: 
 
 

Figure 5. Main loop flowchart 
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9.2 The communication between subsystems 

Figure 5 illustrates the relationship between the OBC, SiC, and Piezo-LEGS. The 
OBC starts the communication by sending a command which will be used by 
SiC to determine what task should be carried out. SiC will then respond 
accordingly. 
 

 

9.3 Why the watchdog isn’t necessary 

As mentioned in chapter 6.3, a watchdog was enabled without ever throwing a 
“bone” to it. It was determined that the use of a watchdog wasn’t necessary. The 
reason was that since the power will be cycled quite often, the program will be 
restarted with short intervals anyway, which should resolve problems if the 
code would hang.  

9.4 Repetition of old data for Piezo and SiC 

Sometimes, old experiment data could be sent instead of the new data. This 
would happen if the power hasn’t been cycled since the last run and the 
experiment hasn’t been run, (Which could be caused be ex, the previous 
transaction failing which would cause the frame id to not match and make MSP 
discard the command). There isn’t a direct solution to this problem as the data 
needs to be saved to power down, in the case the data transfer would fail, and 
the data needs to be resent. There is also no way for the OBC to know if there 
was a frame id mismatch. However, the problem should not occur if the power 
is cycled between each run.  
 
One reason that this problem was occurring during testing was that opening 
and closing the terminal in the Arduino IDE could sometimes cause the first 

Figure 6. The communication between subsystems. 
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command to be sent twice.  Since the program/software on SiC is occupied by 
carrying out the first command, it will result in an error, causing the flags to get 
out of sync. The reason that a command can’t be received while carrying out the 
previous command is since the I2C peripheral isn’t set to ready in the main loop 
before a command being executed. 

 
Figure 7. The first command being sent twice 

  

frame id = 1 
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  Results 

In this chapter, all tests and results will be presented.  

10.1 The commands used in the MSP protocol  

In the MSP protocol, there are three specific categories of commands. They are 
called system commands, send and system requests. 
 

• The opcodes specify the command for the desired operation. 

• Opcodes from 0x50 to 0x59 are for custom system commands. 
 

10.1.1 UML diagram for Piezo-LEGS experiment 

 
The figure above illustrates how communication works with Piezo-LEGS seen 
from the OBC side. The commands are sent when simulating with Arduino. The 
blocks in the diagram describe each command during the run of the 
experiments and in which order they are called. The first thing that happens is 
that the power is turned on. When the experiment has been running for 2.5 
minutes, the experiment will stop. Then, the OBC sends a REQ_PIEZO request, 
which is a request to send the data that was collected during the time when the 
experiment was running. After that, the power is turned off. The OBC should 

Figure 8. Communications diagram for Piezo-LEGS 
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perform time stamping since it is unnecessary to send the time to the 
experiment and then later receive back the exact same data. The data sent from 
Piezo-LEGS will indicate how long the experiment has run, so time-stamping 
the STOP_EXP_PIEZO should be enough in order to determine the start time 
as well. 
 

• START_EXP_PIEZO [system command][custom] 
 This command indicates that we want to start running the Piezo-LEGS 
experiment. The experiment will continue to run until the 
STOP_EXP_PIEZO command is called. The command will also 
automatically turn on vbat, 5v, and 48v power supply to piezo. This 
process will add 3 seconds until the experiment is started. 
This command is needed in order to indicate that the experiment should 
be started. 
The following tasks are carried out from the SiC PCB as a result of 
sending the START_EXP_PIEZO command: 

o Turn on vbat. 
o Turn on 48v power. 
o Turn on 5v power to piezo. 
o Wait 3 seconds for the experiment to power up. 
o Send the XM3 command to start the experiment. 

• STOP_EXP_PIEZO [system command][custom] 
This command will stop the Piezo-LEGS experiment from running. The 
total run time will be the delta between STOP_EXP_PIEZO and 
START_EXP_PIEZO is called. The command will also read the data 
from Piezo-LEGS and store the data locally on the SiC PCB until it is 
collected. The data is stored in volatile memory and will be lost if the 
power is cut. 
This command is needed in order to indicate that the experiment shall 
be stopped 
The following tasks are carried out from the SiC PCB as a result of 
sending the STOP_EXP_PIEZO command: 

o The XM4 command is sent stopping the experiment. 
o The data is read and store locally. 
o 48v power is turned off. 
o 5v power is shut off. 
o Vbat is turned off (only if sic is not running). 

• REQ_PIEZO [system request] [custom] 
This command is used to collect data from the experiment. The data will 
be collected from Piezo-LEGS beforehand. The amount of data that is 
sent over depends on the total run time. 
This command is needed in order to transfer data from SiC to OBC 
sending the REQ_PIEZO command: 

o The data read earlier will be sent over to the OBC. 

• POWER_OFF [system command]  
POWER OFF is used to indicate to the SiC PCB that the power is going 
to be cut and will enable the experiment to save the sequence flag used 
for MSP. The command will also stop any ongoing experiment in the case 
that it would be received unexpectedly. The command is the same as the 
command for both experiments. 
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This command is needed in order to save sequence flags and prepare 
for power off. 
sending the REQ_PIEZO command: 

o The SiC-PCB is saving sequence flags for MSP. 

10.1.2 UML diagram for the SiC experiment 

 
The figure above illustrates how communication works with Piezo-LEGS seen 
from the OBC side. The blocks in the diagrams describe how the experiment 
was performed. The experiment for SiC runs 1 second, therefore it waits 1 
second and requests a REQ_SIC to send the result to OBC. Then, the power of 
the SiC experiment will be turned off. A short description of each command and 
the reasoning behind selecting them will be given below. A more exact 
description can be read in the data specification. 
 

• START_EXP_SIC [system command] [custom]  
This system command is needed to indicate that we want to start 
performing the SiC experiment. It is needed since we do not know which 
experiment, we want to run when power is turned on. 

o Turn on vbat. 
o Turn on 10v power. 
o Runs the experiment and saves data. 

• WAIT 1 SEC The OBC needs to wait for 1 second while the SiC is 
running. 

• REQ_SIC [system request][custom]  

Figure 9. Communications diagram for SiC 
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When the experiment has finished, REQ_SIC is used to collect the data 
generated since the data is not stored in non-volatile memory. 

o The data read earlier will be sent over to the OBC. 

• POWER_OFF [system command]  
POWER OFF is used to indicate to the SiC PCB that the power is going 
to be cut and will enable the experiment to save the sequence flag used 
for MSP. The command will also stop any ongoing experiment in the case 
that it would be received unexpectedly. 

o The SiC-PCB is saving the sequence flags for MSP. 

• WAIT 1 SEC It takes one second for the experiment to prepare for 
power down. 

10.2 Common system commands 

These commands are common/shared commands, this means that they’re the 
same for both the experiments. 
 

• CUSTOM_OP_48v_OFF [system command] [custom]  
This system command is used to turn off the 48v regulator. 

• CUSTOM_OP_5v_OFF [system command] [custom] 
This system command is used to turn off the 5v power line used for the 
Piezo-LEGS microcontroller. 

• CUSTOM_OP_VBAT_OFF [system command] [custom] 
 This system command is used for turning off the 14v battery buss. 

• CUSTOM_OP_10v_OFF [system command] [custom] 
 This system command is used to turn off the power used for the SiC 
experiment.  

10.3 Convert from ASCII 

Conversion from ASCII is performed when the piezo experiment results have 
been received. The ASCII conversion was tested independently from the rest of 
the project by using an external C programming environment.  

10.4 Ensure that the result of the Piezo motor reaches the OBC 

Once the Piezo experiment has been run successfully, two tests have been made 
to ensure that it is possible to send the experiment's results to the OBC.  
First, Live Watch was used to see if any data is sent from Piezo-LEGS after the 
experiment has been completed. When it had been confirmed that the data from 
the experiment was passed on, the OBC simulator was used to see if it reached 
the OBC. Through a serial monitor, it was confirmed that the experiments 
results reached the OBC. 

10.5 Amount of data for SiC  

SiC will in total send a total of 64 bytes of data, the following will be sent 4 times 
making a total of 4 * (2+2+2+2) = 64 bytes. (Every 2 bytes is described here. 
Temperature = 2 byte. Vbe = 2 byte. Vb = 2 bytes. Vc = 2 bytes). 
SiC would like to request that a timestamp would be added to the data when 
received by the OBC. 
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10.6 Amount of data for Piezo-LEGS 

Piezo-Legs will in total send of 30 bytes when the experiment is running. 12 
bytes per 1 minute when the experiment is running. The Piezo-Legs will run in 
2,5 minutes during the experiment and rest in 25 min. That means 12+12+6 = 
30 bytes in 2,5 minutes. 

10.7 I2C address 

During development, the original approach was to utilize two I2C addresses in 
order to determine which experiment the OBC want to communicate with. This 
solution was developed but disabled since it would mean that two sets of MSP 
flags are needed. Using two sets of flags would lead to more wear on the 
EEPROM and the addition of unnecessary complexity to the project. Therefore, 
a set of custom MSP commands was defined instead. Only one I2C is used, and 
the address is 0x45. However, if (for some reason) one would want to use 
multiple addresses, the code was left as a part of the project. Maybe, a special 
implementation could be made of the OBC side where one version of MSP is 
used over multiple addresses.  
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 Discussion 

An emulation for Arduino was implemented. It illustrated for example how the 
communication should work when OBC sends commands to control the 
experiments. After executing the experiment logic, the results are sent back to 
the OBC. However, the emulation is a little bit basic and therefore, it is 
recommended to use the real hardware and software for testing. 
 
To develop this emulator, the MSP protocol was used, which implements the 
available experiment interactions. 
 
During the project, some errors were discovered that affected the project plan 
in a negative way, so the work got behind schedule. The prototype version of 
the SiC PCB had some minor errors, among other things that the cables for I2C 
had been connected incorrectly. This was caused by incorrectly labeled wiring.  
 
Some test code was written in order to test the RS-485 link between Piezo-LEGS 
and the SiC-PCB. However, the code needed to be extended in order to be able 
to send multiple commands and calculate the checksum sent by Piezo-LEGS. 
 
The communication now works between the OBC, the SiC experiment, and the 
Piezo-LEGS experiment. The OBC can now send a command to determine 
which experiment to perform. If it is Piezo-LEGS that must be run, commands 
are sent to SiC PCB and then sent to Piezo-LEGS via RS-485. Once the specific 
experiment has been run, the data is sent back to OBC. This is also tested to see 
if the data passed on to the OBC using the IAR built-in "Live Watch" feature. To 
get the experiments to respond when the OBC makes a request, the clock 
frequency has been increased so that the experiments have time to respond to 
OBC. 
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 Conclusion 

MSP has been implemented on the SiC PCB and support for the necessary 
commands has been added in order to enable SiC to carry out the required 
tasks. When developing the implementation, factors like the amount of data 
sent and bit errors on the RS-485 bus and system limitations like read-write 
cycles have been taken into consideration. The implementation has been tested 
using the OBC simulator. 
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 Future work 

Extended testing needs to be done in order to assure that the MSP 
communication is reliable. It is important to verify the system robustness since 
a couple of sporadic, uninvestigated, communication problems have been 
observed during development. 
 
The I2C communication does not currently work using the higher I2C speed 
called “Fast mode” at 400KHz, commands can be received successfully, 
however it doesn’t work with the rest of the code. The reason why is currently 
unknown. This issue remains to be investigated further. 
 
When a frame with an unexpected frame id is received, an ack is sent back to 
the OBC by MSP, even though the command was never carried out. As a result, 
the OBC doesn’t have a chance to resend the command. The result is that old 
data could be left in the MCU and be sent over in a later transaction using the 
same type of command. 
 
The impact assessment and test plan documents remain to be written. 
 
The system also needs to be tested together with all the other systems that are 
going to be installed on the satellite to determine that it will not be affected by 
the system around it. 
 
Finally, the MTU needs to be determined for MSP. 
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Appendix A 
https://github.com/MrLager/kth_mist_sic_piezo 
 
 
 

https://github.com/MrLager/kth_mist_sic_piezo
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