
Projektvalskatalog  
EF112X kandidatexamensarbete inom 
elektroteknik (15 hp) våren 2023  

I denna katalog kan du hitta information om alla valbara projekt inom kursen EF112X kandidat-
examensarbete inom elektroteknik (15 hp) som erbjuds våren 2023 vid EECS skolan, KTH. Kursen 
EF112X pågår hela vårterminen från mitten av januari till slutet av maj. Projekten utförs i grupper om 
två. I år finns 61 projekt att välja emellan inom ramen av 17 olika kontext: 

Kontext inom systemteknik och robotik 

• Kontext A: The Dynamics of Sustainability (Jonas Mårtensson, 4 projekt) 
• Kontext B: Autonomous robotic systems (Dimos Dimarogonas, 3 projekt) 
• Kontext C: Learning in Dynamical Systems (Cristian Rojas, 5 projekt) 

Kontext inom inbyggda system och elkraftteknik 

• Kontext D: Electric transportation (Mats Leksell, 2 projekt)  
• Kontext E: Kraftsystemstyrning (Mehrdad Ghandhari, 3 projekt) 
• Kontext F: Power system planning and electricity markets (Mikael Amelin, 3 projekt) 

Kontext inom elektromagnetism, fusion och rymdteknik 

• Kontext G: Design and testing of novel microwave/antenna technologies (Q.-Teruel, 5 proj.) 
• Kontext H: Fusion - solens energikälla på jorden (Thomas Jonsson, 3 projekt) 
• Kontext I: Planetary magnetospheres and aurora (Tomas Karlsson, 3 projekt)  
• Kontext J: Fixed wing UAV for space and environment monitoring (N. Ivchenko, 7 projekt)  

Kontext inom information och nätverksteknik 

• Kontext K: Artificial Intelligence for the Internet of Things (Carlo Fischione, 3 projekt) 
• Kontext L: Cyber Security (Rolf Stadler, 3 projekt) 
• Kontext M: Information Engineering: Big Data & AI (Tobias Oechtering, 5 projekt) 

Kontext inom datavetenskap och maskininlärning 

• Kontext N: Artificial Intelligence (Mika Cohen, 3 projekt) 
• Kontext O: Computational brain modelling and brain-like computing (P. Herman,3 projekt)   
• Kontext P: Automatic bug fixing (Martin Monperrus, 3 projekt)  
• Kontext Q: Big Graphs of Software Packages (Benoit Baudry, 3 projekt)  

 
Viktiga datum  

• Informationsmöte om projektvalet: Fredag, 14 okt 2022, kl 13:15-16:00, sal Q1 
• Projektval: 1-15 nov 2022  
• Kursstart: vecka 3, 2023 (uppstart-möte, i anslutning första träff med handledaren) 
• Kursslut: vecka 20, 2023 (heldag KEX-presentation) 

 



Kurs-PM 

All information om kursens uppbyggnad finns i kurs-PM. En preliminär version kommer att läggas ut 
senast den 2 november 2022 på kurshemsidan i KTH social: www.kth.se/social/course/EF112X/  

Tillgängliga projekt 2023 

Alla projekt som erbjuds vårterminen 2023 finns beskrivna i denna pdf-fil. Läs igenom 
projektbeskrivningarna noggrant. I valet markerar du vilka projekt du helst vill göra. Obs, inom ramen 
av denna kurs kan man inte "skräddarsy" sitt eget projekt. Du måste välja ett av de tillgängliga 
projekten som finns beskrivna i denna katalog. 

Behörighet 

Minst 104 högskolepoäng från kurser i utbildningsplanen, till och med period 1 i årskurs 3, ska vara 
avklarade senast vid startdatum för period 2 för att studenten ska få påbörja kandidat-
examensarbetet. 

Anmälan till KEX-kursen 

Elektroteknikstudenter: Om du går i årskurs tre (CELTE-3) och ligger i fas med studierna, ska du välja 
villkorligt valfria, och/eller den helt valfria kursen, och kandidatexjobbskursen EF112X mellan 1-15 
november via antagning.se. Logga in med ditt kth.se konto.  

Om du antogs till Elektroteknik 300 hp år 2018 eller tidigare sker anmälan till kandidatexjobbskursen 
EF112X via e-post till svl-celte@kth.se mellan 1-15 november. 

Om du är från en annan KTH skola (fysik, farkost, teknisk matematik eller energi och miljö 
programmet), anmäler du att du vill göra kandidatexjobbskursen EF112X till studievägledaren vid 
respektive KTH skola. 

Val av projekt 

Förutom att anmäla dig till kandidatexjobbskursen behöver du (oberoende från vilken skola du 
kommer) välja på internet själva kandidatexjobbsprojektet du vill jobba med.  

När sker valet? 
Valet av kandidatexjobbprojekten görs under perioden 1-15 november 2022. Resultatet påverkas ej 
av när du väljer under valperioden. 
 
Projektgruppen 
Kandidatexjobbsprojektet utförs i grupper om två studenter. Om du inte lyckas hitta en 
projektpartner, tilldelas du en partner med liknande projektönskemål som du.  
 
Gör ditt val 
Anmälan görs på kurshemsidan i KTH social (www.kth.se/social/course/EF112X/). Välj de sju mest 
intressanta projekten ur denna projektvalskatalog. Du kommer kunna ange din prioriteringsordning 
när du väljer (prio 1= projektet du helst vill ha). Om du redan har hittat en projektpartner, fyll i bådas 
namn, e-mail och program i samma anmälan. Gör endast en anmälan per grupp. Om du inte har en 
projektpartner än, anmäl dig ensam (du kommer sedan tilldelas en projektpartner). 
Lycka till!  

Anita Kullen (kullen@kth.se) 
Kursledare för kursen EF112X kandidatexamen inom elektroteknik, EECS, KTH 
Stockholm, 1 oktober 2022 

http://www.kth.se/social/course/EF112X/
mailto:kullen@kth.se


Context A 
The Dynamics of Sustainability 
Context Responsible: Jonas Mårtensson, jonas1@kth.se, Division: Decision and Control Systems  

“Meeting the needs of the present without compromising the 
ability of future generations to meet their own needs.” 

This is the well-known sustainability definition by the United 
Nations Brundtland Commission in 1987. Sustainable 
development is then taking into consideration 
environmental concerns along with economic development 
and social aspects. The 17 Sustainable Development 
Goals (SDGs) is a framework for improving the lives of 
populations around the world and mitigating the hazardous 
man-made effects. They recognize that “ending poverty 
and other deprivations must go hand-in-hand with 
strategies that improve health and education, reduce 
inequality, and spur economic growth – all while tackling 
climate change and working to preserve our oceans and 
forests”.  

But how is this done? We are dealing with an extremely complex and complicated problem that 
involves the law of nature, global politics and economics, cultures, human behavior, and technical 
solutions, to name just a few of the aspects. And we need to deal with long time scales and complex 
interplay between different domains. In these projects we will approach this problem by dynamical 
systems modelling. As a starting point we take the figure below (H. Daly, 1990) which can be applied 
to most of the systems we will consider. It describes how human activity interacts with what is called 
ecosystem services by using renewable and non-renewable resources, and by generating pollution 
and waste. The conditions for sustainability in this context are then: 1) that renewable resources 
cannot be used faster than they regenerate, 2) that waste cannot be produced faster than it can be 
recycled, absorbed, or made harmless, 3) that non-renewable resources, in the long run, cannot be 
used at all. By carrying capacity is meant how much human activity the ecosystem services can 
support. 
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Project A1: Sustainable populations 
Supervisor: Jonas Mårtensson, jonas1@kth.se, Division of Decision and Control Systems 

Project A2: Sustainable cities 
Supervisor: Jonas Mårtensson, jonas1@kth.se, Division of Decision and Control Systems 

Project A3: Sustainable food  
Supervisor: Jonas Mårtensson, jonas1@kth.se, Division of Decision and Control Systems 

Project A4: Sustainable energy 
Supervisor: Jonas Mårtensson, jonas1@kth.se, Division of Decision and Control Systems 

The aim of these four projects is to develop dynamical models of such systems, where we will focus 
on 1) population growth and demographics, 2) cities including transportation and waste, 3) food 
production and fresh water supply and 4) energy production and consumption. There will be four 
independent projects A1 – A4, but you will interact between the groups in multiple workshops, where 
you will share knowledge and identify connections between the models.  

 

 

You will use the System Dynamics modelling framework (J.D. Sterman, 2001) which in short can be 
summarized in these steps. 

1. Formulate the scope of the problem and the main relations that should be modelled. Define 
the variables and the external inputs. 

2. Use causal loop diagrams and stock-flow models, as in the figure below, to model the 
interrelations and feedback loops in the model. 

3. Write out the equations. Here you will often use simple relations, for example additive or 
multiplicative relations, but sometimes you might find more elaborate empirical models from 
literature. The resulting model will be a set of differential equations. 

4. Simulate the model. You should not expect the model to be a perfect prediction of reality, 
rather a way to test many different scenarios and vary parameters, to get an intuitive 
understanding of the dynamics. 

5. Study how policy, economy, changed human behavior, and technological development, etc., 
can influence the dynamics of the model. What is the impact on sustainability? 

Typically, you need to make several iterations of the steps above. 

mailto:jonas1@kth.se
mailto:jonas1@kth.se
mailto:jonas1@kth.se
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Context B 
Autonomous robotic systems  
 
Context Responsible: Dimos Dimarogonas (dimos@kth.se) 
 

 
 
Autonomous artefacts, such as self-driving cars, unmanned aerial and marine vehicles, and smart 
robots, are rapidly entering mainstream focus from scientific, societal, technological and industrial 
perspectives. Additionally, large-scale systems and systems of system, e.g., infrastructure systems, 
are increasingly automated and self-organizing, with the possibility to make intelligent decisions on 
the basis of continuous, heterogeneous, multi-source data.  

Autonomous systems must be capable of planning and executing complex functions as intended, with 
limited human intervention, operating in uncertain and unstructured physical and/or information 
environments, and managing unexpected external or internal events, e.g., faults. This distinguishes 
them from mere automated systems, which also are able to execute complex functions, but which 
mostly assume structured environments, have limited capacity to learn and adapt to unexpected 
events.  

In the most tangible instantiations of autonomy, such as robotics and automated driving, the main 
focus for autonomy is to replace or complement the human’s capacity to manage complexity, namely, 
to analyze and make decisions based on vast amounts of, possibly uncertain, data and information 
in varying forms, under real-time constraints. Autonomous systems will also need to cooperate with 
humans and each other to solve complex tasks, and thus we see collaboration and interaction as 
another major trend in the science of autonomous systems.  
 
There are now numerous industrial examples showing the tremendous potential and positive impact 
of technologies arising from the use of autonomous systems and their integration in informational 
environments. Most of these technologies are still in their infancy but are believed to have potentially 
huge impact in the near future. 
 
 
 

mailto:dimos@kth.se


Project B1: Motion Planning for Aggressive Flights of an Unmanned Aerial 
Vehicle 
 
Supervisor: Dimos Dimarogonas, Division of decision and control systems, dimos@kth.se 
 
 

 
 
The use of autonomous robots for real life missions is increasing and becoming essential in many 
everyday situations. Robots allow performing search and rescue missions, surveillance and security 
monitoring of buildings and cities. Especially, the use of small Unmanned Air Vehicles (UAVs) is 
becoming popular due to their highly flexibility to fly in the obstacle-cluttered environments. While the 
spherical/ single point model of the UAVs is widely used in the motion planning community, it may 
ignore trajectories whose feasibility depends on the robot shape. In this project, the aim is to develop 
a general framework that generates a collision-avoidance, dynamically feasible trajectory by taking 
the robot shape into account. 
 
The following items should be addressed: 
 

• Study the modelling, planning and control of a quadrotor UAV. 
• Develop a motion planning algorithm to navigate UAV in an obstacle-cluttered environment. 
• Test the algorithm both in simulation and real platforms. 
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Project B2: Cooperative Control of Autonomous Ground Vehicles 
 
Supervisor: Farhad Mehdifar, Division of decision and control systems, mehdifar@kth.se 
 

 
 
 
Autonomous ground vehicles (AGVs) are becoming the subject of intense research. For instance, 
recent studies for autonomous vehicles include autonomous driving, robots search and rescue, and 
recon missions, among others. Autonomous vehicles will drive in partial or total autonomy by network 
control algorithms. For large-scale or physically distributed systems, such as a team of AGVs, wherein 
the control loops are closed through a communication network, one has to deal with the problem of 
how to design the cooperative control strategy to achieve the tasks like reference tracking, consensus 
or certain formation. In addition, for safety-critical reasons, the collision avoidance among the vehicles 
and the obstacles in the workspace cannot be ignored. Hence, there is a need to understand the 
fundamental knowledge of how the vehicles interact with each other. 
 
In this project, the aim is to study how to coordinate a team of AGVs to perform group tasks under 
space constraints and the following aspects should be addressed: 
 

• Perform reference tracking for the team of AGVs. 
• Study formation control for the AGV team to maintain a predetermined geometric pattern.  

Collision avoidance is an essential topic for AGVs to navigate in complex environment. Therefore, 
propose a methodology for the AGVs to avoid collisions and obstacles while maintaining the 
formation.   
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Project B3: Multi-Robot Motion Planning under High Level Task 
Specifications 
 
Supervisor: Mayank Sewlia, Division of decision and control systems, sewlia@kth.se 
 
 

 
Figure 1: The robots needs to avoid the red areas, and meet up at the green areas. The order 
in which they visit the green areas is determined by the system to optimize the completion 
time. 

 
Over the last decades, multiple robots have been used in several applications, examples of which are 
surveillance, package delivery or assembly. In these applications each robot in the team needs to 
perform a variety of complex tasks within a specific and often tight time interval. Contrary to single 
agent scenarios these tasks may often involve the cooperation of different robots.  Examples of such 
tasks are: “visit area A within 10 sec”, “wait robot 2 for 5 sec in area A” and “move together to area C 
within 8 sec”. Even in these simple scenarios, when multiple robots are considered the behavior of 
one might affect the performance of the whole team. This calls for a new control framework that takes 
into consideration inter-agent relations. 
 
In this project you will design a motion plan for each robot in the team such that a set of known time-
constrained tasks is satisfied. This motion plan should be collision-free, i.e., each agent should avoid 
collisions with its peers and any known obstacle in the area. One possible way to approach this 
problem is by using Signal Temporal Logic (STL) to express the tasks under consideration and Control 
Barrier Functions (CBFs) for the control design. However, you are free to choose any other solution 
approach you like. 
 
Your work should address the following: 
 

• Define the workspace and the dynamics of the robots in addition to the desired tasks agents 
should perform. 
 

• Suggest a method for designing a plan that guarantees the satisfaction of the tasks within pre-
determined time intervals. The proposed control laws should be optimal with respect to some 
costs, e.g. minimizing energy consumption, and should ensure that agents stay within the 
workspace at all times. 
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Context C 
Learning in Dynamical Systems  
 

 

  
Powerful computers, new sensors and high efficiency communication technology have opened the 
door to the design of technological systems that can learn by themselves. You have probably seen 
for example how Google's self-taught AlphaGo defeated some years ago the world champion of Go. 
The advantage of self-learning systems is that they can adjust themselves according to the behavior 
they observe from their environments. The development towards such self-learning systems is 
happening on many fronts, including factories, smart buildings and autonomous vehicles among 
others. In most of these applications, physical systems or humans interact with a computer system, 
and the computer is based on a mathematical model of their environment. A complicating factor is 
that physical bodies and humans have dynamics, that is, their behaviors depend on what has 
happened before.  
 
In this theme, the projects offered are meant to explore several aspects of the problem of learning 
dynamical systems. For example, how is it possible to learn from observed data the collective 
behavior of a large number of independent agents? what have self-learning systems actually learned 
from their interaction with the world around them? how can one implement efficient self-learning 
systems, either as single entities or as collaborative autonomous robots learning independently of 
each other? These questions are considered within important applications such as finance, computer 
gaming and autonomous robotics, using state-of-the-art machine learning tools.  
 
 
 
 
 
 
 
 
 
 



Project C1: Estimating Parametric Models of Financial Markets  

Supervisor: Cristian R. Rojas, Decision and Control Systems, crro@kth.se  
 

 
 
Today’s financial markets are highly complex systems, involving the interaction of a very large number 
of types of stocks and agents buying and selling large volumes of stocks and derivatives at a high 
frequency (sometimes in the order of milliseconds or less). In order to make a profit in these markets, 
it is important to understand their behavior through statistical models that relate the expected returns 
and volatility (variability) of the observed prices. Since the volume of financial data is huge, it is equally 
important to handle the data more efficiently. The goal of this project is to use modern machine 
learning tools (such as deep neural networks) together with econometric techniques (like the two-
stage approach, or indirect inference) for estimating parametric models of financial markets.  
In particular, the project should address the following:  
 
1. Make a mathematical model of the financial data.  
2. Propose methods to handle the huge volume of financial data and estimate the parameters of the 
mathematical model.  
3. Evaluate the computational and statistical performance of the proposed methods and algorithms.  
4. Reflect on the advantages and limitations on the proposed methods and algorithms.  
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Project C2: Deep Reinforcement Learning for Games  

Supervisor:Alexandre Proutiere, Decision and Control Systems, alepro@kth.se  
 

 
 
 
Reinforcement Learning (RL) addresses the problem of controlling a dynamical system so as to 
maximize a notion of reward cumulated over time. At each time (or round), the agent selects an action, 
and as a result, the system state evolves. The agent observes the new state and collects a reward 
associated with the state transition, before deciding on the next action. Unlike classical control tasks 
where typically the system dynamics are completely predictable, RL is concerned with systems whose 
dynamics have to be learnt or with systems interacting with an uncertain environment. As time 
evolves, the agent gathers more data, and may improve her knowledge about the system dynamics 
to make better-informed decisions. RL has found numerous applications, ranging from robotics, 
control, online services and game playing, and has received an increasing attention. Very recently, 
RL has solved problems in situations approaching real-world complexity, e.g., in learning human-level 
control for playing video games. These progresses are mainly due to the use of deep neural networks 
to speed up classical learning algorithms.  
This project aims at developing and implementing reinforcement algorithms to learn to play simple 
video games optimally. More specifically the main tasks of the project are:  
 
1. Propose a game.  
2. Create a mathematical model and a succinct representation and encoding of the game snake.  
3. Propose and implement deep reinforcement algorithms.  
4. Evaluate the speed at which the algorithms learn optimal moves, depending on the size of the 
chosen neural network.  
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Project C3: Distributed Optimization through Deep Reinforcement 
Learning  

Supervisor: Alexandre Proutiere, Decision and Control Systems, alepro@kth.se  
 

 
 
Reinforcement Learning (RL) has recently gained popularity through its use in learning to play video 
and board games. The program AlphaGo developed by Google Deep Mind outperformed the best 
professional go player and received a lot of media attention. The state-of-the-art algorithms in RL 
combine classical learning techniques, such as Q-learning, with deep neural networks used to get a 
succinct representation of the system state and of the reward function. RL algorithms are typically 
implemented in a single agent whose objective is to optimally interact with her environment. This 
project is concerned with multiple agents cooperating to learn to interact and to accomplish some 
tasks optimally. We will focus on a simple warehouse example where multiple robots have to learn to 
interact with each other (avoid collisions) while repeatedly transporting items from one point to 
another. These points differ for the various robots, but to perform their tasks, robots must move along 
common paths. Each robot is assumed to know at any time the positions and velocities of the other 
robots.  
 
The main tasks of the project include:  
 
1. Model the warehouse and encode the tasks robots have to accomplish.  
2. Develop and implement in each robot a deep RL algorithm.  
3. Simulate the resulting complex dynamical system.  
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Project C4: Machine learning for inverse portfolio selection  

Supervisor: Cristian R. Rojas, Decision and Control Systems, crro@kth.se  

 
 
In order to provide a safe investment, mutual funds and other actively managed investment 
enterprises traditionally distribute their funding among a large range of assets, with different expected 
returns and volatility, to distribute the risk (i.e., avoid putting all eggs on the same basket). The design 
of this distribution, called portfolio selection, has to be performed by carefully trading off the promised 
rewards against the risk of losing part of the investment. There is a large literature on techniques for 
“optimal portfolio selection”, most of which require a statistical model of the behavior of the asset 
prices in the market.  
In this project, the goal is to reverse engineer the models used by some actively managed funds, 
using modern machine learning tools such as deep neural networks, to understand how they work, 
and whether they are correctly capturing the behavior of the financial market, since any model 
mismatch may lead to imperfections in the market, which could potentially be exploited for low-risk 
investment. Specifically, the project includes the following tasks:  
 
1. Create a mathematical formulation of the inverse portfolio selection problem, by starting with a 
strategy such as the Markowitz model.  
2. Propose a method for inverse portfolio selection, by fitting a deep neural network or other functional 
approximators to this inverse problem.  
3. Evaluate the performance of the designed method on simulated data.  
4. Apply the method to real price data.  
5. Discuss and reflect on the advantages and limitations of the proposed solution.  
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Context D 
Electric transportation 
 

 
Electrification of cars, buses and trucks is today seen as a key component for the transport sector to 
reduce its CO2- footprint. A success will heavily depend on a continued development of the systems 
that control the vehicles and the batteries. Advanced embedded systems perform an increasing 
amount of vital functions in the vehicles. The embedded computer systems are integrated into a 
physical or electrical environment and both act and react continuously within this environment. The 
design process is inherently complex, because these systems consist not only of analogue and digital 
hardware, but also of an increasing amount of software controlling the functionality of the system. 
Batteries are continuously improved so that they get a higher energy density and the same time a 
lower price. But better batteries will not solve all the problems, the energy management of the vehicles 
must also be considered. 

Context D investigates several important aspects of electric propulsion. In the first project the students 
will analyse the energy management of an electric drive for marine application. In the second project 
the students will develop a control for a driverless-system that can take full control of the driving of 
the Formula student car.              

 

 

 

 

 

 

 

 

 

 

 

 



Project D1 - Efficiency monitoring of marine electric drivelines 

Supervisor: Nicholas Honeth (honeth@kth.se), division of electric power and energy systems 

 

 

 

Description 

This project will be part of the FoilCart project, a collaboration of the division of electric power systems 
and the division of Naval architecture and solid mechanics. The FoilCart project is investigating the 
use of compact integrated hydrofoils with electric propulsion to create high performance electric boats.  

Measuring the efficiency of a system combining batteries, electric drives, propellers, hulls and 
hydrofoils requires many simultaneous measurements of the different stages of the driveline and 
movement of the watercraft. The system taking these measurements needs to be compact and robust 
in order to be used in the test environments at sea as well as easy to administer and manage the 
collected data.  

In this bachelor degree project, the participants will design more in detail the energy monitoring 
system, build it, install it on the FoilCart prototype and present some collected results from sea tests. 
The project will be practical, challenging, fun and make a useful contribution to a research project. 

The following are examples of tasks involved: 

• Experiment with measurements of AC and DC voltages and currents 

• Experiment with RTK GNSS positioning systems 

• Design and implement a data logging system combining the collected measurements 

• Install the system in the FoilCart prototype 

• Participate in the sea tests with the energy monitoring system 

• Present the logged data in real time as well as historical data analysis 

 



Project D2: Control Loop for a Formula Student Steering System 
Supervisor: Matthias Becker (mabecker@kth.se), together with the electronics team of KTH Formula 
Student Team. 

 

 

 

Background 

The KTH Formula Student vehicle DeV17 has a Driverless-system  (DV) that can take full control of 
the driving of the car. The steering of the car in DV-mode is partially controlled by dSPACE, which 
sends the steering commands, and two sensors for measuring the actual steering angle. The steering 
is actuated by a VESC motor controller that rotates the steering shaft, like how a human would to turn 
the wheels. With the old design there were problems with oscillation in the steering. This was due to 
the varying delay between when dSPACE sends a command and the VESC receives it, and the delay 
between a sensor input and when dSPACE receives it. The communication is done over CAN, and 
sometimes during high bus load scenarios these messages can be preempted for some period of 
time. 

 

Project Proposal 

The goal of this project is to model a control loop of the steering system for the car, accounting for the 
possible delay between signals over the CAN bus, and making sure the steering of the car is always 
controlled (not in an undefined state), removing the risk of oscillation and increasing performance by 
having more accurate control of the car in DV-mode. The project consists of using control theory when 
developing the software that controls the steering motor, building on previous work for the commonly 
used VESC controllers that is publicly available, and adapting it for the DeV17. And also CAN load 
analysis for development of the control loop model. The hardware will be provided by the KTH 
Formula Student team, and it is expected that the development will be executed using already 
available KTH Formula Student resources. 

 



Kontext E  
Kraftsystemstyrning 

 

 
 

Framtidens kraftsystem ställer helt nya krav på mätning, automation och styrning 
 

På svenska  
Som ett svar på utmaningen med klimatförändringarna elektrifieras allt fler delar av samhället, och 
elproduktionen ställs om till att inkludera stora mängder förnybar och delvis distribuerad 
kraftproduktion. Dessa förnybara kraftkällor ersätter de större centrala synkronkopplade 
produktionsenheter som tidigare utgjort ryggraden i systemet. De förnybara kraftkällorna  (t.ex. vind 
och solkraft) är dock kopplade till elkraftsystemet via omriktarstyrda enheter, dvs de är inte 
synkronkopplade produktionsenheter. Storskalig integrering av dessa förnybara kraftkällor kan 
påverka elkraftsystemets stabilitet. Dessutom är de förnybara kraftkällorna inte lokaliserade i 
närheten av stora last-centra, ex vis. städer, vilket gör att kraven på överföring av elenergi förändras. 
De senaste åren har dessa frågor blivit alltmer aktualiserat i samhällsdebatten. 
 
De nya kraven finns både på transmissions och distributionsnivå. Det inkluderar nya gränser för 
stabilitet i systemet på grund av minskad rotationsenergi i systemet och ökade variationer gällande 
spänning, effektflöden och frekvens. Dessa nya krav möts effektivast med nya kontroll- och 
automationssystem och även nya styrbara kraftsystemkomponenter, vilka blir allt viktigare för ett 
välfungerande elkraftsystem. För att dessa kontrollsystem ska fungera krävs mer omfattande mätning 
och insamling mätvärden från större delar av systemet. 
 
Denna kontext behandlar nya metoder och tekniker för styrning av elkraftsystem med stora mängder 
förnybar kraftproduktion. Projekten i kontexten inkluderar både traditionella elkrafttekniska frågor 
såväl som utmaningar inom automation och reglerteknik samt de informations och 
kommunikationssystem som är nödvändiga för denna automation. 

In English 
For several reasons, the power system is currently developing to include large amounts of renewable 
and distributed generation that in part replaces the large central synchronously connected production 
units that previously formed the backbone of the system. However, these renewable energy sources 



(such as wind power and solar power) are connected to the system via power-electronic-based 
devices (convertors), i.e. they are not synchronously connected to the system and they are also 
known as non-synchronous generation. High penetration of renewable energy may affect the power 
system stability. Furthermore, they are not always located near large loads. 
 
These changes place new requirements on the power system, both at transmission and distribution 
level. These new requirements include new limits on the stability of the system due to reduced stored 
kinetic energy in the system and increased variations of voltage, power flow and frequency. These 
new requirements are in turn met most efficiently with new control and automation systems and new 
controllable power system components, which are becoming increasingly important for an efficient 
power system. 
 
This context deals with new methods and techniques for the control of power systems with large 
amounts of renewable power generation. The projects in the context include both the traditional 
electric power issues as well as challenges in automation and control technology and information and 
communication systems necessary for this automation. 
 
 
 
 
Project E1: The impact of high penetration of renewable energy on system 
inertia and frequency 
 
Supervisor: Mehrdad Ghandhari, mehrdad@kth.se , Electric Power and Energy Systems 
 

Power system frequency is an appropriate measure on the active power balance in a power system. 
The frequency is constant when the same amount of electrical power is produced as consumed by 
the loads, including system losses. If this is not the case, frequency changes will occur. The frequency 
is reduced when a load increase or a loss of production is not compensated by a corresponding 
increase of the turbine power of the connected generators. The power deficit decelerates the 
generator rotors and consequently the frequency is reduced. Too large reductions of the frequency 
can trigger protection system which may result in system separation, loss of load and costumer 
outages, since many equipments in a power system, e.g. power supply systems, do not tolerate too 
low frequencies. 

Today’s power systems have been designed and developed based on conventional power plants (i.e. 
those that are synchronously connected to the system). These power plants provide synchronizing 
power (or torque) and inertia which have crucial roles on power system dynamical response, on 
setting of rotor angle, voltage and frequency stability limits, and also on setting of protection systems. 
However, renewable energy sources (non-synchronous generation) do not contribute in providing 
synchronizing power and inertia. Replacing some of the conventional power plants with the non-
synchronous generation will result in less system inertia and synchronizing power. The high 
penetration of non-synchronous generation (mostly wind power, but it can also include solar power 
and other renewable energy) can therefore result in new challenges to operate the system in a secure 
and cost-effective manner. 

The aim of this project is to study how the system inertia and frequency will be affected once replacing 
conventional power plants with renewable energy sources via convertors in a test system (the Nordic 
test system). Also, how to minimize the Instantaneous Frequency Deviation (IFD) after a disturbance 
in the system.     

This study will involve power system stability, frequency control and basic control theory.  
 

The students will be provided with appropriate literature and also simulation models/files. 
 
 

mailto:mehrdad@kth.se


 
Project E2: The impact of high penetration of renewable energy on power 
system stability and damping 
 
Supervisor: Mehrdad Ghandhari, mehrdad@kth.se , Electric Power and Energy Systems  
 
 
Traditionally, large power systems have mainly been comprised of synchronous forms of generation. 
Due to concerns of climate change as well as the decrease in cost of wind and solar generation, it is 
predicted that the widespread integration of power electronics based forms of generation such as 
solar and wind will occur in the near future. However, the large-scale introduction of power electronics 
based generation will have significant impacts on the stability of electrical power systems. First, the 
frequency of the power system will more rapidly decrease after a disturbance. Additionally, power 
electronics based devices are not able to provide the same level of reactive power when a fault occurs 
in the system. The initial objective of this project is to understand the stability issues that arise when 
renewable generation is introduced into the system. This project will first analyze a small power 
system. The students will then incorporate wind generation into the power system, decreasing the 
amount of power provided by the synchronous generators. The response of the two systems will be 
compared, identifying the differences after the integration of renewable generation. The second 
portion of the project is to improve the stability of the system and the power system oscillations that 
arise after a disturbance is applied. This will be done by tuning the supplementary form of excitation 
control in the synchronous generators or introducing supplementary control in the power electronics 
based devices.  
 
This study will involve control theory and its application to power system stability.   
 
The students will be provided with appropriate literature and also simulation models/files. 
 
 
Project E3: Design of a future residential microgrid 
 
Supervisor: Qianwen Xu, qianwenx@kth.se , Electric Power and Energy Systems 
 
 
Driven by environmental concern and sustainable requirement, development of residential microgrids 
attracts much attention around the world, as a forward step towards future carbon-neutral society. A 
residential microgrid is a small power system for a house/building, which consists of a solar 
photovoltaic (PV) source, a battery storage and residential loads, and can operate either in isolation 
or in connection to the main grid. In the daylight, the solar PV source can generate electricity to supply 
the loads, and the extra electricity can be stored in the battery to be used in the evening, or even sold 
back to the main grid. Thus a residential microgrid can reduce the energy cost and reduce CO2 
emission. To make it works, each component of the microgrid should be properly designed and they 
should be controlled in a coordinated manner to provide stable and sustainable electricity 
 
This project will develop a residential microgrid and its control scheme to achieve stable and 
sustainable electricity supply. The PV converter system will be designed to maximize its power 
generation in the daylight; the battery converter system will be designed to be charged when there is 
surplus electricity, and discharged when there is insufficient electricity. A coordinated control scheme 
will be developed for the whole system with high reliability and stability. The students will develop a 
hardware prototype of a small microgrid.  
 
The students will be provided with appropriate literature and designed PCB board as a start. 
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Context  F 
Power system planning and electricity 
markets 

 

To reduce the impact of climate change, it will be necessary to significantly reduce the CO2 emissions. 
These efforts will have a major influence on power systems and electricity markets, both because 
power generation is in itself a large source of CO2 emissions, but also because electricity is necessary 
to facilitate eliminations of CO2 emissions in other parts of society; hence, there will be an increased 
demand for CO2-free electricity generation in the future.  

In many power systems, including the Nordic, the increase of CO2-free electricity will be accomplished 
by a significant increase of continuously varying electricity generation, such as wind power or solar 
energy. This will have a large impact on the power system. For example, wind power resources are 
usually available in remote areas, which may not have sufficient connections to the main centres. 
Solar energy can be located anywhere, but the generation is only available during daytime and is 
significantly lower during the winter compared to the summer. Moreover, neither wind nor solar 
contribute to keeping the balance between production and consumption in the same way as 
conventional generators. 

The aim of this context is to study some of the challenges for a power system with a high share of 
wind power. Each project in the context will study different challenges.  

[1] V. Masson-Delmotte, P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. 
Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T. K. Maycock, T. 
Waterfield, O. Yelekçi, R. Yu and B. Zhou (editors), “Summary for policymakers”, Climate Change 
2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report 
of the Intergovernmental Panel on Climate Change, Cambridge 2021. [Available at www.ipcc.ch] 



Project F1: Voltage 

Supervisor: Lennart Söder, lsod@kth.se, Electric Power and Energy Systems 
 
The voltage in a power system must be kept within specific limits. Building wind farms in remote areas 
with weak interconnections to the load centres of the system might cause voltage problems. Those 
problems can be solved by building new transmission lines or by investing in compensators that boost 
the voltage where needed. Thus, a less favourable wind farm placement when considering wind 
speeds might actually be preferable to a windier site if the latter requires additional investments in the 
transmission system.  

The objective of this project is to investigate if voltage and current limits can be maintained for different 
placements of wind power and solar energy. The project also includes investigating the costs of 
necessary reinforcements in the transmission system. 

The main mathematical tool in the project will be load flow analysis, which is an application of 
numerical methods for solving non-linear systems of equations. 

Project F2: Capacity mechanism simulator  

Supervisor: Mohammad Reza Hesamzadeh, mrhesa@kth.se, Electric Power and Energy Systems 
 
Around the world it is common for policymakers to intervene in wholesale electricity markets in various 
ways. In particular, it is common for policymakers to seek to change the shape of the wholesale 
market demand and supply curves for electricity by, say, imposing a cap on the allowed wholesale 
electricity spot price or by subsidising different types of generation (for example wind and solar 
generation) so as to encourage investment in (desired) generation capacity.  
 
The objective of a capacity mechanism is to change the shape of the supply curve of generation 
relative to the supply curve that would arise in its absence. We can think of a capacity mechanism as 
being a form of subsidy to the fixed or variable costs of different generation resources.  
 
There are many different ways to design these subsidies. Different forms of subsidies will have 
different implications for the generation supply curve and therefore, we might expect different 
implications for reliability and wholesale price levels and volatility. 
 
The aim of this project is to study the need for a capacity mechanism and to compare different ways 
to set up such mechanisms. The work will involve setting up simulation models of the capacity 
mechanism, which requires skills in optimisation theory and computer programming. 

Project F3: Hydro power 

Supervisor: Mikael Amelin, amelin@kth.se, Electric Power and Energy Systems 
 
Most large hydro power plants have reservoirs which allow hydro power generation to follow the power 
demand rather than the water flow in the river. However, the reservoirs have limited capacity and the 
inflow is not evenly distributed over the year. Moreover, demand, wind power generation and solar 
generation are also varying over the year. Hence, careful planning is necessary to utilise the available 
water at the right time and to avoid spilling water or having empty reservoirs when the demand is high. 
This project will study methods to plan the operation of the hydro power plants in Land, while taking 
into account different possible locations of new generation capacity, the limitations of the transmission 
system, etc.  

Operation planning of hydro power is an application of optimisation theory. In this project, existing 
software for formulating and solving hydro power planning problems will be used. 

mailto:lsod@kth.se
mailto:mrhesa@kth.se
mailto:amelin@kth.se


Context G 
Design and testing of novel microwave/ 
antenna technologies  
Today, microwave technology is employed in many of our technological devices, and they 
fulfil an essential function in communication systems, intelligent cities, surveillance, medical 
diagnosis and space observation.  

Innovative microwave designs are required daily in the products of technology-driven 
companies. These companies require efficient and multi-functional antennas and microwave 
devices that can enable: 

- High data rate communications for future 5G (and beyond) networks.  
- High resolution radars to detect people, vehicles and objects in smart cities. 
- Non-invasive imaging of patients for early detection of health issues.  
- Highly precise airport scanners that maximize the location of concealed objects.  
- Precise detection of stars and planets in the outer space.  
- Efficient satellite communications with the newly deployed low-Earth-orbit satellites. 

Within the projects of this Context, you will be able to acquire the fundamental knowledge for 
designing advanced microwave devices and antennas. You will learn how to use commercial 
software of simulation, which is commonly employed in the industry. Finally, you will 
manufacture and measure a proof-of-concept. After the project, you will be able to reproduce 
the usual steps followed in a microwave or antenna design process.  

Examples of challenges which require innovative microwave/antenna technologies: 

          

Picture 1. Artistic rendition of 5G communications. 
Picture 2. Autonomous car inter-connected with wireless systems based on 5G. 
Picture 3. Patient inside a high-resolution medical scanner. 
Picture 4. Car communicating with low-Earth-orbit satellites.  

 

 

 

 

 

 



Project G1: 3D printing microwave lens antennas for space 
communications 

Supervisors: Oscar Quevedo-Teruel, oscarqt@kth.se, Freysteinn Viðar Viðarsson, fvvi@kth.se, 
Hairu Wang, hairu@kth.se, Division of Electromagnetic Engineering  

Due to the increase in the frequency bands of new communications systems, lens antennas are 
becoming very popular. Lens antennas can be used to increase the directivity of conventional 
antennas at a low-cost because they do not require complex feeding networks. Therefore, lenses are 
being considered as a suitable solution for terminals to communicate with the new generation of low-
Earth-orbit (LEO) satellite constellations or for use in 5G and 6G base systems. 

In these communication systems, efficient antennas are required so fully metallic solutions are 
preferred. Microwave lenses can be realized using geodesic surfaces that can be manufactured using 
only metals making them a research interest for the next generation of communication systems.   

Recently, 3D printers are becoming more popular to use in the industry since they can manufacture 
complex structures and customized components at a low-cost. Conventional 3D printers can also be 
used to produce low-loss lenses.   

The purpose of this project is to design and measure a geodesic lens antenna for future LEO satellite 
communications or 5G base stations. The lens will exploit the opportunities of 3D printers.  

As a student, you will learn: 

- The importance of lenses for communication systems.  
- How to simulate microwave lens antennas with commercial simulation software. 
- How to design microwave lenses, and to integrate these lenses in an antenna system. 
- How to use a 3D printer to produce low-loss microwave lenses.  
- How to measure lens antennas in the antenna laboratory. 

 
 

  
Modulated Luneburg lens antenna 

manufactured at the Division of 
Electromagnetic Engineering with a 

3D printer. 

Water drop antenna lens antenna, designed at 
KTH in collaboration with the European Space 
Agency. This antenna is intended for satellite 

communications. 
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Project G2: Higher-symmetric microwave device based on anten’it kits 

Supervisors: Oscar Quevedo-Teruel, oscarqt@kth.se, Mingzheng Chen, mzchen@kth.se 
Division of Electromagnetic Engineering  

With the development of modern society, there is a high demand for high-performance yet low-cost 
microwave devices for the applications of terrestrial and satellite communications, automotive radars, 
surveillance systems and so on. Recently, periodic structures have been widely used to design a wide 
range of microwave devices, such as lenses, leaky-wave antennas, flanges with low leakage, and 
filters. A periodic structure is said to possess a higher-symmetry if it is invariant after a transition and 
additional geometrical operation. Mainly, two types of higher symmetries have been investigated for 
electromagnetic purposes: glide- and twist-symmetries. Higher-symmetries are capable of increasing 
the bandwidth, isotropy, and equivalent refractive index of conventional periodic structures. 

Anten’it is an antenna & microwave design and training hardware, which offers a new approach to 
antenna & microwave component design. The brick based design methodology lets the users have 
reusable building blocks and iterate directly on the hardware. Aside from direct design in hardware 
environment, anten’it also supplies 3D CAD files that can be imported to electromagnetic simulation 
tools, such as the CST studio. 

The main goal of this project is to design, build and measure a higher-symmetric microwave device 
based on anten’it kits. As a student, you will learn: 

- The electromagnetic operation of higher-symmetric structures. 
- How to simulate higher-symmetric structures with commercial software. 
- How to design and build microwave devices with the anten’it kits. 
- How to measure a microwave device in our microwave laboratory.                    

                            

          A holey glide-symmetric filter                         A glide-symmetric Luneburg lens 

                                 

   A discone antenna built by anten’it kits      A discone antenna with building bricks in CST 

mailto:oscarqt@kth.se
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Project G3: Design of a leaky-wave antenna combined with a metasurface 
lens for Satcom on the Move (SOTM) applications  

Supervisors: Oscar Quevedo-Teruel, oscarqt@kth.se, Qiao Chen, qiaoc@kth.se 
Division of Electromagnetic Engineering  

Satellite communication (Satcom) systems usually require highly directive antennas. In addition, they 
must also be able to steer beams for low-latency communications between moving terminals and low-
Earth-orbit (LEO) satellite constellations. Typically, these antennas are mounted on the top of vehicles 
such as cars or aircrafts, requiring still low profiles for aerodynamics and aesthetics.  

All these requirements bring interesting challenges for antenna designing, but also open opportunities 
for creative solutions. Leaky-wave antennas (LWAs) can provide highly directive beams with simple 
feeding, but the beams are fixed.  On the other hand, lenses can easily achieve beam steering, but 
they hardly offer very high directivity with a low profile. But what happens when LWAs meet lenses? 

The purpose of this project is to simulate, design and test a leaky-wave antenna (continuous stub 
array) combining a metasurface lens (Risley prism) intended for a SOTM system. 

In this project, the student will learn: 

- The operation of leaky-wave antennas/metasurface lenses and their use for SOTM.  
- How to simulate leaky-wave antennas/metasurface lenses with commercial simulators. 
- How to design a metasurface lens with the desired steerable capabilities.  
- How to test an antenna in the antenna laboratory.   
-  

 

                          
                Operation of Risley prism.                      Printed metasurface lens designed at KTH. 

 

  
Satcom on the Move (SOTM) use cases. Leaky-wave antenna designed at KTH in 

collaboration with Ericsson AB. 
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Project G4: Design of a linear to circular polarization converter for 
satellite communication applications   

Supervisors: Oscar Quevedo-Teruel, oscarqt@kth.se, Sarah Clendinning, saclendi@kth.se, 
Division of Electromagnetic Engineering  

Satellite communications from ground to earth typically rely on circularly polarized (CP) waves due to 
their preferable properties when compared to linearly polarized (LP) waves. However, the advantage 
of circularly polarized waves comes at the cost of added complexity in designs as CP is very sensitive.   

One method of achieving CP is through the integration of an appropriate polarization converter with 
a linearly polarized source. This is achieved by advancing or delaying the phase of each of the 
components of the LP signal, so that when they are transmitted from the converter, they add 
vectorially to form a CP wave.  

Frequency Selective Surfaces (FSSs) are surfaces with a repeated unit cell, where the properties of 
the surface are dictated by the unit cell design. These can be designed to act as converters through 
careful engineering of the unit cell geometry and parameters.  

The purpose of this project is to simulate, design and test a linear-to-circular polarization converter 
with intended use for satellite communication. 

In this project, the student will learn: 

- The operation linear to circular polarization converters and their implementation in satellite 
antennas.  

- How to simulate FSS’s with commercial software of simulation. 
- How to design a linear to circular polarization converter with the desired bandwidth and 

angular performance capabilities.  
- How to test a FSS in the antenna laboratory.   

   

 

 

Illustration showing the conversion of a linearly polarized 
wave to a circularly polarized one after incidence on an 

appropriate converter. 

Image of a manufactured converter 

 

-  
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Project G5: Simulation of microwave heating of human tissue   
 
Supervisors: Mariana Dalarsson, mardal@kth.se, Brage Bøe Svendsen, bragebs@kth.se Division 
for Electromagnetic Engineering  
 
Conventional radiation treatment of cancer uses high doses of x-ray radiation to kill cancer cells and 
shrink tumors. However, high doses of x-ray radiation does not only kill or slow the growth of cancer 
cells, they also affect the nearby healthy cells. Damage to healthy cells can cause various side 
effects. It is therefore of interest to potentially replace the damaging x-ray radiation treatment with 
treatment using non-ionizing microwave radiation.  
 
The idea relies on the unique property of cancer cells to attract inserted gold nanoparticles (GNPs) 
when the GNPs are attached with nutrients targeting the bio-markers or antigens that are specific to 
cancer tissue. Once the electrically charged GNPs have been taken up by the cancer cells, an 
electromagnetic field is applied, which indirectly destroys the cancer through heating without 
damaging the surrounding tissue. This can only be achieved provided that the suspension of GNPs 
can be designed to be plasmonically resonant, and have a sufficiently large absorption cross-
section in contrast to the surrounding medium. 
 
 

 
 
Figure 1: Experimental setup for the problem to identify GNP related dispersion parameters of a 
very thin GNP treated cell line substrate inserted in a waveguide. 
 
The purpose of this student project is to study the theory for a waveguide with an inserted thin GNP 
cell substrate (see the above figure). The project is theoretical, with numerical simulations in 
COMSOL to verify the theory. In this project, the student will learn: 
 
- How to model the electromagnetic properties of the relevant biological tissue.  
- The interaction between microwave radiation and a GNP cell substrate in a waveguide.  
- How to evaluate the reflection, transmission and absorption of a GNP cell substrate. 
- How to simulate a GNP cell substrate in a waveguide with commercial software (COMSOL).  
- How to use effective medium theory to approximate properties of inhomogeneous materials. 
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Project G6: Feedback control in silicon photonic MEMS   
 
Supervisors: Pierre Edinger, edinger@kth.se, Kristinn B. Gylfason, gylfason@kth.se Division of 
Micro and Nanosystems  
 
Silicon photonics has in the last decade evolved from an academic curiosity to an essential piece of 
the global IT puzzle. Open-access silicon photonic foundries have democratized the deployment of 
photonic circuits, but the modest integration level achieved to date is far from its full potential. 
Current circuits use only tens to hundreds of active components while scaling to thousands and 
beyond are needed for versatile programmable photonics that could be used in telecommunications, 
quantum information processing, or artificial neural networks. A major bottleneck for scaling is the 
power consumption of these active components.  
 
Current active components rely on thermo-optic tuning and consume milliwatts to tens of milliwatts 
each. Thermal cross talk between such components puts a hard limit on the achievable integration 
density. In contrast, micro-electro-mechanical systems (MEMS) use less than a µW of power for 
their electrostatic actuators and enable continued scaling of silicon photonic circuits. Photonic 
MEMS devices have shown low insertion loss (IL), footprints on par with thermo-optic counterparts, 
and faster response times up to several MHz without thermal cross talk. Moreover, silicon MEMS 
technology has already matured into well-established platforms and benefits from similar process 
development as electronics and silicon photonics. 
 

 
Figure 1: SEM top-view of a low-power MEMS phase shifter for scalable programmable circuits. 

The purpose of this is to demonstrate feedback control of a silicon photonic MEMS actuator. Thus, 
the students will model, simulate, and experimentally characterize a feedback control system for 
stabilizing a wavelength selective filter under rapid temperature variation. 

In this project, the student will learn: 

- The basic principles of MEMS and silicon photonics.  
- How to model and simulate a silicon photonic MEMS actuator. 
- How to implement the control algorithm on a digital lock-in amplifier.  
- How to characterize the control loop in a laboratory setting.   
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Context H 
Fusion, solens energikälla på jorden 
 

 

Introduktion  

Fusionsforskningen arbetar för att kunna konstruera ett kraftverk som genererar energi från 
kärnreaktioner mellan olika väteisotoper. Dessa fusionsreaktioner avger ungefär en miljon gånger 
mer energi än kemiska reaktioner och är den process som värmer solen. Om fusionskraften kan 
bemästras på jorden har vi en i princip i outtömlig energikälla utan växthuseffekter och med relativt 
lite radioaktiva restprodukter. Dessa reaktioner sker dagligen i fusionsexperiment världen över, men 
man har aldrig lyckats producera mer än 65% av den inmatade effekten. För att producera nettoeffekt 
krävs större experiment och just nu byggs en experimentanläggning, ITER, i södra Frankrike som 
väntas producera tio gånger högre effekt än vad man stoppar in. ITER är det andra mest påkostade 
vetenskapliga projektet i mänsklighetens historia, efter den internationella rymdstationen (ISS). Om 
fusion fungerar, som många forskare tror, kan det ha stor betydelse för vår framtida energiförsörjning. 

Varför behövs så stora experiment? För att fusionsreaktionen ska komma i gång måste man uppnå 
en temperatur på över 200 miljoner grader, samtidigt som man behöver en tillräckligt hög täthet (~1020 
m-3), vilket är svårt att åstadkomma i mindre maskiner. Så hur kan man bygga en reaktor som 
innesluter en 200 miljoner grader varm gas (eller plasma som gasen kallas vid dessa temperaturer)? 
Det finns inga material som klarar att värmas till över 3 000 grader utan att smälta, så i en 
fusionsreaktor måste det varma plasmat hållas borta från väggarna. Detta sker med hjälp av 
magnetfält. Men även med starka magnetfält "läcker" värmen ut, och väggarna i en fusionsreaktor 
utsätts för stora påfrestningar. Dessutom måste plasmat ständigt värmas upp för att kompensera för 
värmeförluster till väggen. Denna uppvärmning kommer dels från fusionsreaktionerna, dels 
från injektion av radiovågor och av högenergetiska partiklar, samt resistiv uppvärmning. 

Projekten i den här kontexten ingår både experimentella och teoretiska projekt. Här får man möta 
forskning vid frontlinjen och man får en inblick i möjligheterna och utmaningarna kring fusionskraften. 
Dessutom ska vi besöka fusionsexperimentet Extrap-T2R på KTH, samt diskutera etiska och politiska 
frågor kring vår framtida elförsörjning. 

http://en.wikipedia.org/wiki/Magnetic_confinement_fusion
http://en.wikipedia.org/wiki/Nuclear_fusion
http://www.iter.org/
http://sv.wikipedia.org/wiki/Plasma
https://www.kth.se/social/page/extrap-t2r/


 

Projekt H1: Automatic interpretation of ion beam measurements of walls in fusion 
machines 
Handledare: Per Petersson, per.petersson@ee.kth.se, FPP 
Laura Dittrich, lauradi@kth.se, FPP 

Under the conditions that apply on earth (gravity, air pressure etc.), hot fusion plasmas must be 
surrounded by the walls of a vacuum vessel and confined by strong external forces. Despite the 
magnetic confinement the wall both get eroded and have material deposited on top of it. These 
deposits contain most elements present in the machine and is sometimes referred to as 
“tokamakium”. It can have very different content and properties depending on where and how it is 
formed. In future reactor devices, such as the International Thermonuclear Experimental Reactor 
(ITER), the interaction of the plasma with surrounding materials in the vacuum vessel constitutes one 
of the main remaining engineering problems.  

            JET tokamak in Culham, England - with and without plasma. 
 
An important tool that we frequently use for looking at tokamakium is ion beam analysis, that uses 
accelerators to look in detail on the content of the deposits. In the world of ion beam analysis there 
have been several investigations that utilize machine learning and artificial intelligence to help with 
the interpretation of the collected data. 
The main goal in this project will be to compare traditional and automated methods for looking at the 
results for these measurements. 
The project is part of larger program of investigation of material and can be adjusted in cooperation 
with the student. 

Introductory Part 
Visit to the Tandem Accelerator Laboratory of Uppsala University and introduction to accelerator-
based material analysis techniques. 

Main Tasks 
• Identify the types of data that is available as teaching and testing data sets  
• Selection of algorithm to be tested. 
• Analysis of experimental data using the developed algorithm. 
• Comparison to traditional methods of analysis for advances and weaknesses. 
• Writing a report. 
 
 

mailto:per.petersson@ee.kth.se
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Projekt H2: Tool for numerical handling of 3D surface analysis data for 
fusion applications  
 
Supervisor: Henric Bergsåker, henricb@kth.se 

 
The ITER tokamak will have beryllium wall in most of the 
vessel but tungsten tiles in the so called divertor. An 
important plasma-surface interaction issue is how much 
hydrogen fuel (tritium and deuterium) will get trapped at the 
surfaces. Another issue is how beryllium mixes at a 
microscopic scale with tungsten and with carbon and other 
impurities. To study this, a nuclear reaction analysis method 
is used, where a finely focused beam of 3He++ ions is scanned 
over the surface and the energy spectrum of the protons 
emitted from the 3He(d,p)4He nuclear reaction as well as from 
Be, C etc. provides depth information. The figures show an 
example of a proton spectrum and maps of superficial and 
more deeply buried deuterium at surface. The information on 
concentration profiles can be derived from the proton spectra 
through the known energy dependencies of the reaction 
probability and the rate of slowing down of the 3He ions. The 
accessible depth and sensitivity depend on the initial ion 
energy. Find a way to combine the information from spectra 
with different ion energy, develop attractive ways of 
presentation and analyze the statistical problems involved. 
 
The task is to produce software tools, preferably in MATLAB, 
which extract the 3D information from the raw data and allow 
to make illustrative graphs and presentations.  
 
Familiarize yourself with the physics of the method. 
Learn how to extract the 3D information from the data files. 
Consider the statistical uncertainties appropriately. 
Find a way to combine data from different spectra.  
Find attractive ways to present the results.  
 
Make some example calculations and illustrations for 
examples of existing datasets and produce a report on the 
methods used, which also makes it easy for another user to 
apply the software.  
 
Emphasis can be focused on specific parts of the task, 
depending on interests. 
 
a.Proton spectrum from a scanned area on carbonfibre 
surface from JET, with deuterium and beryllium present, 
both at the surface and in depth. 
 
b.Lateral distribution of deuterium near the surface (based 
on the low energy part of the energy distribution of protons 
originating from deuterium).The distribution is shown super-
imposed on a scanning electron(SEM) image of the surface. 

 
c.Lateral distribution of more deeply buried deuterium (based on the highest energy part of the 
proton spectrum).  
d. Detail from image c, showing a half buried particle, which has a  high deuterium content  
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Projekt H3: Modellering av radiovågsuppvärmning i JET och ITER 
 
Handledare: Thomas Jonsson, johnso@kth.se, FPP, Björn Zaar, bzaar@kth.se, FPP,  
Lukas Bähner, bahner@kth.se, FPP 
 
Fusionsreaktioner kräver mycket höga temperaturer. För att producera stora mängder energi i ett 
fusionskraftverk krävs temperaturer kring 200 miljoner grader, temperaturer som kan skapas med 
hjälp av radiovågsuppvärmning. I detta projekt kommer vi att studera uppvärmning i det största 
fusions-experimentet vi har idag, JET, samt den kommande fusionsreaktorn ITER, som kommer att 
ha en volym som är tio gånger större än JET. Den stora skillnaden mellan dagens experiment och 
ITER gör det mycket utmanande att förutse hur ITER kommer att fungera. 
 
Den maximala effekten som kan överföras från en RF-antenn begränsas vanligtvis av de elektriska 
fälten kring antennen. Om dessa blir för höga kan de orsaka överslag som kan skada både antennen 
och komponeneter i dess närhet. Detta projekt kommer handla om hur plasmats form påverkar hur 
mycket effekt man kan överföra från antennen till plasmat. Idealt vill man att plasmats kant ska ligga 
parallellt med antennen, men i praktiken finns det alltid en avvikelse som kan påverka de elektriska 
fälten och därmed den överförda effekten.  
 
Det finns redan mycket erfarenhet om hur effektöverföringen fungerar i dagens mindre experiment 
och därför ska vi jämföra resultaten för ITER med simuleringar av JET. Framför allt vill vi förstå 
skillnaderna mellan de två anläggningarna för att vet till vilken grad vi kan använda våra erfarenheter 
från JET för att förstå ITER.  
 
Studien ska baseras på numeriska beräkningar med koden FEMIC, som kan simulera hur RF-vågorna 
överförs från antennen till plasmat och hur dessa propagerar till plasmats centrum där de absorberas. 
Vidare ska data från dessa simuleringar analyseras med MATLAB och COMSOL Multiphysics och 
jämföras med teoretiska modeller. 
 
Målen med detta projekt är: 

1. Läsa relevant litteratur om radiovågsuppvärmning och fusionsplasmafysik. 
2. Lära sig att använda FEMIC-koden och COMSOL Multiphysics. 
3. Designa och utföra simuleringar av uppvärmning i JET och ITER som både är experimentellt 

relevanta och som ger en jämförelse mellan de två anläggningarna. 
4. Att beskriva kvalitativt hur en radiovåg kan exciteras från en antenn och propagera genom 

plasmat där den till slut absorberas. 
5. Att finna lämpliga kvalitetsparametrar - hur mäter man skillnader i plasmats form, samt hur  

jämför man kvantitativt skillnaderna mellan JET och ITER? 
6. Planera och köra att antal FEMIC simuleringar av både JET och ITER. 
7. En kvalitativ och kvantitativ analys av simuleringsresultaten som besvarar frågorna; 

a. Hur skiljer sig effektöverföringen i JET och ITER? 
b. Vilka är de fundamentala skillnaderna mellan JET och ITER som påverkar 

effektöverföringen? 
c. Hur beror resultaten på olika parametrar, som t.ex. avståndet mellan plasmat och 

antennen, hur mycket gas som finns mellan plasmat och antennen, eller våglängden i 
den så kallade toroidala riktningen. 

8. Skriva en rapport och en presentation som beskriver resultaten. 
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Context I 
Planetary magnetospheres and aurora 
 
Context Responsible: Tomas Karlsson (tomas@kth.se) 
 

     
   
INTRODUCTION 

Space Physics encompasses the physics of the open space in our solar system, mainly the 
environments of the Earth, other planets, and the Sun. The neutral gas and plasma (charged gas) 
environments of the Sun, the planets (including Earth’s magnetosphere) and smaller bodies like 
moons and asteroids are studied with help of space probes that are in high-altitude orbit around the 
Earth or visit other planets. The space plasma physics research group SPP at KTH is involved in 
various projects that utilize direct in-situ measurement by space probes from both, NASA and ESA 
space missions. In this context, students have the possibility to participate in real research projects 
within observational space physics. 

In the first two projects of this context, the focus is on the generation mechanism of auroral arcs. The 
project work will be based on data from Earth orbiting satellites: NASA’s Magnetospheric Multiscale 
Mission (MMS), ESA’s Cluster satellite mission, and NASA’s Defense Meteorological Satellite 
Program DMSP. MMS and Cluster both consist of four identical spacecraft and orbit through vast 
regions of the Earth’s magnetosphere. The science instruments of MMS can take more precise 
measurements of the mirco physics of plasma (charged gas) than any space probe before. DMSP 
are polar orbiting satellites at an altitude of about 800 km above the Earth, having particle detectors 
and extremely high-resolution (SSUSI) UV imagers onboard allowing detailed interhemispheric 
studies of the auroral regions around the Earth’s north and south pole. 

The third project in this context is about the gas giant Saturn. The focus is on the bow shock region 
created by the interaction between the solar wind and Saturn’s large magnetosphere.  It uses data 
from ESA’s Cassini spacecraft mission. 

In the last project, you work with data from the new James Webb Space Telescope on a moon of 
planet Jupiter. You will learn to process and interpret infrared observations of the surface and 
atmosphere. 
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Project I1: Auroral currents in near-Earth space 

Supervisor: Andris Vaivads, vaivads@kth.se, Space and Plasma Physics  
 
Aurora forms due to high energy electrons from space 
hitting the Earth’s atmosphere and exciting atoms 
and molecules there. The high energy electrons are 
accelerated far out in space on the magnetic flux 
tubes where strong currents are flowing in plasma 
(gas of charged particles filling the outer space). 
Experimentally it has been difficult to identify the 
exact physical processes far out in space driving the 
strong currents that later create aurora. However, 
with the launch of the European Space Agency 
mission Cluster in 2000 and the NASA MMS mission 
in 2015 finally, there can be a good possibility to 
address this question.  
 
Identifying experimentally excellent time periods for 
deeper studies requires several conditions to be 
satisfied: 
  

1) Cluster and MMS have to be located close to 
the same flux tube, 

2) MMS has to be far out in space in the Earth 
magnetotail where the strongest currents are 
generated,  

3) Cluster has to be significantly closer to the 
Earth to observe the currents driving the 
aurora, 

4) all the payload on both MMS and Cluster  
should be operating,  

5) significant auroral activity should be ongoing. 
 
In this project, the students will analyze Cluster and MMS data and positions to identify the time 
periods satisfying the conditions above. For the best events, additional work will be carried out to 
characterize the properties of the current and aurora.  
 
The tasks in this project are:  

• Learn Cluster and MMS orbits, magnetic field models, and how to identify time periods when 
satellites are close to the same field line. 

• Learn the payload of Cluster and MMS and how to identify in which mode they are operated.  
• Construct a database of events satisfying the conditions above.  
• Rank the events based on quality factors defined within the project.   
• Characterize a few best events in detail. 

 
In this project, the students will acquire knowledge about space plasma and physical processes in 
near-Earth space. In addition the students will learn about spacecraft payload, spacecraft operations, 
and spacecraft data. The data analysis will be done in MATLAB. The results of the work will be of 
high importance for further studies by the KTH scientists.  
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Project I2: Conjugacy of multiple auroral arcs above the northern and 
southern magnetic poles  
 
Supervisor: Anita Kullen, kullen@kth.se, Space and Plasma Physics  
 
The number, brightness and shape of auroral arcs 
(appearing typically in an oval around the northern and 
southern poles of the Earth) depends strongly on the 
activity of the Sun. Comparing the occurrence rate of 
auroral arcs with different solar wind conditions and the 
magnitude and direction of the interplanetary magnetic 
field (IMF) allows to draw conclusions about how space 
weather influences the Earth’s magnetosphere and 
ionosphere. 
 
Recent results show that, although most of the time, 
large-scale auroral arcs have a similar shape and 
brightness in both hemispheres, this is not always the 
case. The most interesting events appear when 
multiple auroral arcs fill the entire region poleward of 
the main auroral oval. However, the observations are 
so far based on only a handful events. A larger 
database would be needed to get statistically relevant 
results. 
  
In this student project, the database of multiple polar 
arcs will be extended to cover several weeks of SSUSI 
DMSP image data. The SSUSI UV imagers provide 
semi-global images of the auroral oval in the southern 
and northern hemisphere every 10 to 50 minutes. The 
occurrence rate of conjugate and of non-conjugate 
auroral arcs will be compared to solar wind and IMF 
conditions. The results will either confirm or dismiss 
preliminary findings regarding the interhemispheric 
conjugacy of multiple auroral arcs. This will give 
important clues about magnetospheric generation 
mechanisms of multiple polar arcs. 
 
 
 
The tasks in this project are: 
  

• Learn how to handle an internet software package for downloading and data handling of 
solar wind data and SSUSI DMSP images. 

• Identify multiple auroral arc events through visual inspection of SSUSI images from 6 weeks 
of data.  

• Produce auroral distribution plots for different solar wind and IMF conditions 
• Compare the results with conceptual models about the generation of multiple polar arcs and 

draw relevant conclusions. 
 
In this project, the students will learn how to handle space data, how to make distribution plots and 
how to do a proper scientific data analysis. Knowledge in the programming language Python is helpful, 
as there exist several data analysis programmes written in Phyton, which can be easily adapted for 
the project. The results of this project are of high importance for future scientific work by the Supervisor 
and co-workers. 
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Project I3: Ultralow frequency electromagnetic waves at the Saturn bow 
shock  
 
Supervisor: Tomas Karlsson, tomask@kth.se, Space and Plasma Physics  
 
The sun continuously emits a not only light, but also a plasma, containing electrons and protons. This 
solar wind is highly supersonic, and interacts strongly with planets in the solar system, and their 
magnetic fields. In this interaction, the solar wind is braked down and forms a shock, similar to that in 
front of a supersonic airplane. Saturn, one of the outermost planets in the solar system has such a 
bow shock (Figure 1). During some circumstances strong ultra-low frequency (ULF) electromagnetic 
waves are formed in front of the bow shock. Figure 2 shows such waves in front of Earth’s bow shock. 
For Saturn this type of ULF waves have been detected, but many of their properties are unknown. 
 
In this project you will use magnetic field measurements from the Cassini spacecraft 
(https://www.esa.int/Science_Exploration/Space_Science/Cassini-Huygens), which orbited Saturn 
for over ten years, to identify such ULF waves, and study their properties.  
 
Possible questions to address are  
1. What frequencies are most common in these waves? 
2. When do these waves occur?  
3. What determines the occurrence? Magnetic field direction in the solar wind? 
4. How far out from Saturn can they be observed? 
 
In this project you will acquire knowledge about the solar wind and how it interacts with planets. The 
data analysis will take place in Matlab, partially by using existing programs. The data is readily 
available from KTH or directly from an international repository (The Planetary Data System). The 
results will be very useful for future scientific investigations by researchers at KTH and elsewhere in 
the world. 
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Project I4: James Webb Space Telescope observations of a moon of 
planet Jupiter 
 
Supervisor: Lorenz Roth, lorenzr@kth.se, Space and Plasma Physics 

 
Figure 1. Left: James Webb Space Telescope. Right: Jupiter, four large moons: Io, Europa, Ganymede & Callisto (NASA) 

The NASA/ESA James Webb Space Telescope (JWST) was successfully launched on Christmas 
Day last year (2021). After commissioning of the telescope, science observations are obtained since 
July and the large moons of Jupiter are among the first targets for JWST! 

The Space and Plasma Physics group at KTH is involved in the observing programs for moons Io, 
Europa, and Ganymede. JWST has the unique capabilities to take spectral images with information 
on wavelength (color) in infrared light (IR) in each pixel (Figure 2). The data allows to derive surface 
and atmospheric properties of the moons through the particular spectral signatures. 

The tasks in this project include: 

• Download JWST observations from one of the moons from the NASA data archive   
• Read and process the data “cubes” extract infrared spectra and images of the moon 
• Interpret the spectra using reference spectra and simple models  
• Compare the spectra to previous observations from spacecraft  

 
Doing this project, you will be among the first people actively working with this milestone telescope 
in the world. 

 
Figure 2. Illustration of spectral pixels with JWST: The wavelength contains information on the composition (NASA) 
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Kontext J 
Fixed wing UAV for space and 
environment monitoring 
 

Figure: ALPHA UAV developed and built at KTH in 2022 

 

Introduction  
 

Our understanding of the environment of the Earth, with its upper atmosphere and the space beyond, 
comes from observations from the ground, satellites, sounding rockets and, more recently, unmanned 
vehicles (UAVs).  Several projects aimed at development and validation of custom-designed fixed 
wing UAVs for various applications (to observe the upper atmosphere and the terrain on the ground) 
are ongoing at KTH (see https://www.kthaero.com/). This context takes up several electrical 
engineering projects related to the UAV development.  

Seven projects are offered in this context, all relating to ongoing activities at KTH. One of the projects 
is related to test flying of various UAV, in order to determine their performance and validate 
autonomous flight capability. Three projects are related to the ongoing ALPHA project, which develops 
an UAV for optical imaging of phenomena in the upper atmosphere; the first one is related to imaging 
payload itself, another is related to designing and validating the thermal control system for flying at 
high altitude, and the last one is in optimization of the power and propulsion system. Three projects 
are related to the new project, in which a solar-powered UAV is developed for detection of forest fires. 
One of them focuses on the design of the power system combining the solar cell generation with 
battery. Another takes up the design and implementation of the payload, a near-real time imaging 
system with data transmission. Finally, the last project focuses on the image analysis algorithms for 
detecting forest fires from an airborne platform. 

https://www.kthaero.com/


Projekt J1: Flight testing of fixed wing UAVs 
 
Supervisor: Nickolay Ivchenko, nickolay@kth.se, Space and Plasma Physics 
Raffaello Mariani, rmariani@kth.se, Aeronautics and Vehicle Engineering. 
 
In this project you will focus on the autonomous flight control system for the fixed wing UAVs. Today 
a number of open source “autopilot” software solutions are available, that use multiple sensors 
onboard the UAV together with a control loop to steer the main engines and control surfaces. This 
way a “stabilized” flight – or even fully autonomous mission – can be achieved. In order to reliably 
use the UAVs a substantial amount of flight testing is required, to characterize the aerodynamical 
performance of UAV and validate the function of the autopilot (including response to non-nominal 
situations). Several different UAVs at KTH use similar approach, with Ardupilot used as the flight 
software. This project aims at developing a systematic process of flight testing of the UAVs, that can 
be applied across the platforms.  

The tasks in this project include: 

• Getting familiar with the basics of flight 
• Understanding the basics of the fixed wing UAV control  
• Getting familiar with the open source autopilot (Ardupilot) 
• Flying the UAVs in various modes 
• Analyzing the flight data to determine the performance of the UAV. 

 

  
Figure J1. Early flight testing of a fixed wing UAV by KTH students. 
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Projekt J2: Low-light imaging of atmospheric phenomena from an UAV 

Supervisor: Nickolay Ivchenko, nickolay@kth.se, Space and Plasma Physics 
 

The atmosphere is home to a number of exciting processes, coupling together in its different layers. 
At high latitudes the northern lights (aurora borealis) are produced at around 100 km altitude. 
Thunderstorms not only produce the well familiar lightnings but also discharge toward space, which 
are called sprites and jets. Thin clouds can form in the mesosphere - at the boundary to space - and 
when illuminated by the sun can produce beautiful display called noctilucent clouds.  

Observing upper atmospheric optical phenomena is important for understanding the working of the 
atmosphere. However, ground based imaging is limited by the weather conditions (clouds) and 
feasibility of deploying the instrumentations (remote areas, sea/ocean, etc). Air-borne observations 
have been employed to address these limitations, but such dedicated campaigns – typically done with 
specialized aircraft – come at significant costs. A capable UAV for atmospheric imaging could provide 
a useful research tool at significantly lower cost. Developing, building and validating such an UAV is 
the purpose of the ALPHA project (www.kthaero.com/alpha) started at KTH in 2021.  

     
Figure J2. Left: image of sprites above a thunderstorm in South Africa. Middle: noctilucent clouds over 
Stockholm. Right: aurora over Stockholm. 

In this project you will work with a low-light imaging systems to be used on the ALPHA UAV. You will 
get familiar with the typical characteristics of the atmospheric phenomena of interest (aurora, 
noctilucent clouds, transient luminous phenomena above thunderstorms, etc), principles of low-light 
scientific imaging, state of the art subsystems and components of relevance, in order to build a 
prototype of the imaging system during the BSc thesis period.  
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Projekt J3: Thermal control for the ALPHA UAV 
Supervisor: Nickolay Ivchenko, nickolay@kth.se , Space and Plasma Physics 
 
In this project you will consider the challenge of maintaining the subsystems and the payload of the 
ALPHA UAV within their designated operational temperature range during high-altitude flight. 

The tasks in this project include: 

• Understanding the thermal requirements of various subsystems of the ALPHA UAV 
• Understanding the heat transfer processes at work in the system 
• Constructing a simple thermal model of the UAV 
• Designing a prototype of the thermal control system and experimentally validating it. 

  
 

Projekt J4: Optimizing the electrical power system for the ALPHA UAV 
Supervisor: Nickolay Ivchenko, nickolay@kth.se , Space and Plasma Physics 
 

The ALPHA UAV uses electric propulsion, with two motors per wing, and to have a large number of 
control surfaces, operated by dedicated servos. The electrical power system to supply the motors and 
other parts of the control system will need to be custom designed to fit in the volume and mass 
constraints of the UAV, and comply with other requirements. Selection of batteries and components 
will be critical. 

In this project you will get familiar with operation of the electrical motors, and solutions for driving 
electronics to those, research the state of the art of the compact batteries, and will build a prototype 
of the system.  

The tasks in this project include:  
• Defining the requirements to the power system 
• Identifying battery candidates for powering the ALPHA UAV 
• Making a preliminary design of the system 
• Implementing the design in a breadboard or real PCB 
• Conducting the tests of the design 

 

 

Projekt J5: Design of a UAV solar power system 
Supervisor: Nickolay Ivchenko, nickolay@kth.se , Space and Plasma Physics 
 
Integration of solar power in a UAV system promises significant increase of the flight duration, up to 
perpetual flight. The new project, in which a dedicated UAV is being custom designed for forest fire 
detection aims at being able to fly during the daytime (i.e. when illuminated by the sun).  

Integration of the solar cells with the electrical power system of the UAV requires addressing a number 
of issues. To harvest maximum power from the solar panels with varying illumination conditions, a 
dynamically adjusted maximum power point tracker (MPPT) is needed. It should also be seamlessly 
integrated with the battery management system (charging/discharging). Integrated measurement of 
currents/voltages allows for a more advanced and intelligent power handling system. Considering that 
the system is to be implemented on a flying platform, the solution should be mechanically and 
thermally robust, and lightweight. 
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The tasks in this project include:  
• Defining the requirements to the power system 
• Identifying possible MPPT solutions 
• Making a preliminary design of the system 
• Implementing the design in a breadboard or real PCB 
• Conducting the tests of the design 

 

 
Figure J5. An off-the-shelf UAV converted to solar power at KTH in 2022. 

 

Projekt J6: Near-real time forest fire monitoring system from an UAV 

Supervisor: Nickolay Ivchenko, nickolay@kth.se, Space and Plasma Physics 
 

Forest fires are behind significant economical and ecological losses, and a substantial source of 
carbon emission. Early detection is the key in preventing/limiting the damage from the fires. Fire 
detection systems rely on smoke plumes observed in visible light. Our partner in this project, the 
EnviroVisionSolutions, operates a number of stationary tower-mounted cameras for fire monitoring. 
Extension of the system to airborne imaging points opens up for higher flexibility and configurability: 
the UAV observations can cover blind spots of the tower system, can be re-directed to a specific area, 
and/or quickly deployed in a new area where no towers are available.  

A solar-powered UAV is being developed at KTH to demonstrate the capability of contributing to forest 
fire detection. This project focuses on the implementation of the near-real time monitoring system 
onboard the UAV. The system is to consist of several cameras, connected to an onboard computer 
and a communication system. The onboard computer should implement a system for scheduling 
image-taking on each camera, and ensure tagging each image with location and look direction (from 
the UAV flight data), and ensure transmission of images to the ground. The transmission can go either 
through a mobile phone network or a dedicated radiolink (or both). The ambition is to implement and 
demonstrate a prototype of the system during the BSc period. 
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Projekt J7: Detecting smoke plumes from airborne images 

Supervisor: Nickolay Ivchenko, nickolay@kth.se, Space and Plasma Physics 
 

This project focuses on the analysis of the images acquired from the UAV (see projects J5 and J6). 
The detection of the smoke plumes relies both on the morphology/appearance and the motion of the 
plume between subsequent images. While the partner company, EVSolutions, has an extensive 
experience with the stationary vantage point imaging, the UAV imaging poses a number of challenges. 
Due to the motion of the UAV, the view of the scene is changing related to the perspective change.    

The tasks in this project include: 

• Generating a model perspective view with terrain lines (horizon/ridge lines) from the position 
and look direction of the camera 

• Aligning the actual image with the model image, with the purpose of being able to 
georeferenced each pixel in the image 

• Determining the errors in the alignment above, and finding whether more accurate alignment 
can be achieved from the image itself 

• Determining whether the motion within the scene can be detected within a moving scene 
(due to the UAV motion) 
 

The EVSolution can provide sample imaging from their system, either from ground towers or from 
airplane tests.  

 

 
Figure J7. An example of the smoke plume from a forest fire [EVSolutions].  
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Context K 
Artificial Intelligence for the Internet of 
Things 
 
 

 
 
 
In the past decades, we have seen a series of computing–information-communication revolutions that 
started with computers, followed by computer networking, and up to wireless networks (see Figure 
1). We are now at the onset of the fourth revolution: “the all-connected and digitalized world”, where 
networks will bring automatic data analysis and decision making in any object, transforming it into an 
“intelligent” system (see Figure 2). Current predictions specify that, around 2030, the number of 
networked objects will be around 100 billions and that the fourth revolution has the potentiality to 
create a new multi-trillion economy. One of the main characteristics of the fourth revolution is the huge 
data generation. It appears that the last recent years have produced 90% of the world’s data available 
up to now, especially due to devices such as sensors in Internet of Things (IoT) or smart phones. 
 
Such wealth of data is forcefully motivating the development of intelligent data analysis methods, 
namely Machine Learning (ML) and Artificial Intelligence (AI). Thanks to AI, speech recognition and 
automatic text entry can be performed, or good photos are automatically selected by smart phones, 
or cars see and avoid obstacles. To achieve such impressive results, machine learning needs big 
datasets and very huge computational and communication resources. For example, the Google 
AlphaGo has been trained with around 30 million possible moves to beat a Go grand champion. 
However, in the fourth technological revolution, data sets of any size will be distributed among several 
networked nodes (people, devices, objects, or machines) that might not be able to perform the 
computations and to share data. Existing AI methods are mostly intended for proprietary or high 
performing networks (e.g., in data centres), and would greatly stress communication networks such 
as IoT and 5-6G wireless networks. When we perform AI over IoT, we have fundamentally new 
technological challenges in terms of distributed data sets, bandwidth, or heterogeneous 
protocols.  
 
One major issue to apply AI over communication networks is the fundamental bandwidth 
limitations. The huge number of nodes and their data sets transmissions may congest the practically 
available bandwidth. The emerging technology of extremely low latency communications, will rely on 
short packets that carry few bits. Techno-economical forecasts indicate that, in the coming years, IoT 



systems such as smart grids or smart cities will be mostly served by narrow band IoT. For example, 
to monitor and control water distribution lines, an IoT network will be underground and underwater, 
where the nature of the communication channels gives low data rates with unreliable links and delays. 
Communications within the human body can rely only on few bits per second. The nodes generating 
data may not have enough communication bandwidth to transmit data where it has to be analyzed, 
or simply not enough computational power to perform local analysis.  
 
In this Bachelor thesis context, you will study a subset of exciting topics within Artificial Intelligence 
and IoT (AIoT): 
 

• Distributed Machine Learning over IoT 
• IoT Water Monitoring with Machine Learning 
• Turning the Air into a Machine Learning Computer  

 
 We describe the projects in the detail in the following pages. 
 
 
Project K1: Distributed Machine Learning over IoT 
 
Supervisor: Carlo Fischione (carlofi@kth.se) 
 

 
With IoT just around the corner, there is an urgent need to develop and understand distributed 
methods for Machine Learning. However, while the performance of many centralized algorithms is 
well-understood, this is not true for their distributed/decentralized counterparts. This is especially true 
when communication delay is taken into consideration, which is essential when performing ML with 
distributed data sets, such as an IoT network. 
 
The challenge of this project is to consider the training algorithms of ML with distributed data sets 
across the nodes of the IoT, and understand the how the convergence rate of the algorithms depends 
on the communication among the nodes. This would include a study of the latest literature, combined 
with simulations of different scenarios and possibly theoretical studies. 
 
This project aims at understanding the effects of communication networks on the performance of the 
distributed optimization algorithms which are used for ML training. The results can help to understand 
the potential and the difficulties for ML over real-life communication networks. 
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Project K2: IoT Water Monitoring with Machine Learning 
 
Supervisor: Carlo Fischione (carlofi@kth.se) 
 

 
 
 
Monitoring the quality of drinking or sewage water in water networks is essential to ensure public 
health. IoT wireless sensors, as a complement of manual sampling, can automatically collect data 
related to the water quality and perform data analysis via machine learning. The collected data need 
further analysis to suggest if there are anomalies happen in the distribution network. 
 
In real-world distribution network, the water conditions, in terms of temperature, water flow speed, 
pressure, have large variations, which may greatly affect the false alarm rate of the anomaly detection. 
The challenge of the thesis is to reduce the influence of the large variations in the anomaly detection, 
such that the false alarm rate is minimized. Another challenge is that the data to be analyzed in the 
thesis project comes from real-world measurements, which means that there might be some 
unforeseen characteristics in the data. 
 
The project aims at developing an approach based on machine learning of an IoT monitoring system 
for water quality. 
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Project K3: Turning the Air into a Machine Learning Computer  
 
Supervisor: Carlo Fischione (carlofi@kth.se) 
 

 
With the growing prevalence of Internet of Things devices, constantly collecting information about 
physical phenomena, we have an unprecedented amount of data at our disposal. The availability of 
enormous mobile data and recent breakthroughs in the field of ML foster a great environment for 
distributed machine learning applications. However, current wireless communications are not 
intended to support ML services and may be unsustainable with the exponential growth of traffic 
generated by ML.  
 
To facilitate upcoming distributed ML applications, a new paradigm of wireless communications 
research called Over-the-Air Computation has recently emerged. The fundamental idea is to design 
novel wireless communications with design objectives targeted towards distributed machine learning.  
 
This project deals with Over-the-Air Computation for Federated Learning. By this technique, the 
devices of the IoT network that collect data to be processed for ML at a central location do not need 
to send the data in different communication channels, but can send the data at the same time and 
over the same frequency. The superposition property of the electromagnetic waves will return an 
aggregation of the data at the central location. This produces enormous savings in terms of  energy, 
delays and spectrum utilization. However, a major limitation of this technique is that it requires strict 
synchronization among sensor devices, which is notoriously difficult to achieve in practice.  
 
The project aims at evaluating the effect of communication in Over-the-Air Computation for Federated 
Learning. The evaluation could either happen through the usage of simulations, mathematical 
analysis or both. Using the results of the evaluation, a feasibility study on different synchronization 
methods would be critical for practical implementation of these systems. 
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Context L 
Cybersecurity 
 

 

Cybersecurity includes a collection of methods designed to protect systems, networks, and services 
from external threats. Businesses and organizations employ cybersecurity professionals to protect 
their confidential information, maintain employee productivity, and enhance confidence in products 
and services. 

Key properties of cybersecurity are privacy, integrity, and availability. Privacy means data can be 
accessed only by authorized parties; integrity means information can be added, altered, or removed 
only by authorized users; and availability means systems, functions, and data must be available on-
demand according to agreed-upon parameters. An important element of cybersecurity is the use of 
authentication mechanisms, which allow to securely identify users or processes. 

Well-known attacks that compromise the protect systems, networks, and services of an organization 
include Denial of Service (DOS), installation of malware, man-in-the-middle attack, and phishing. 
Other types of cyberattacks include cross-site scripting attacks, password attacks, eavesdropping 
attacks (which can also be physical), SQL-injection attacks, and birthday attacks. 

From an engineering point of view, a variety of scientific methods can be used to protect a system or 
to identify and repel an attack. These include cryptography, formal methods, statistical techniques, 
and AI.  We offer projects where students develop and evaluate state-of-the art approaches to 
securing systems and preventing attacks:    

1. Intrusion detection and intrusion prevention  
2. Active learning for intrusion detection and response 
3. Trustworthy Autonomy in Cyber-physical Systems 

 

 



Project L1: Intrusion detection and intrusion prevention 

Supervisor: Rolf Stadler, stadler@kth.se 

 

We consider an intrusion prevention use case which involves the IT infrastructure of an organization 
(see figure). The infrastructure includes a set of servers that run client applications and an Intrusion 
Prevention System (IPS), which logs events in real-time. Clients access the applications through a 
public gateway, which also is open to an attacker.  The attacker intrudes on the infrastructure and 
compromises a set of its servers. The defender continuously monitors the infrastructure through 
accessing IPS and other statistics. 

In this project, the students study and evaluate intrusion detection methods of the defender. The 
methods are based on Hidden Markov Models (HMM) and related techniques. They allow a defender 
to train models based on observations offline and to predict a sequence of observation statistics 
online. The predictions allow a defender to estimate whether an attack is occurring and in which attack 
stage it is.  

An important part of the project is the experimental evaluation of the studied methods based on 
measurement traces from a KTH testbed and published data sets. 

For the project, the students will use the Anaconda environment (anaconda.com), including Jupyter 
notebook, and the scikit-learn machine learning packages (scikit-learn.org). 

Prerequisites: statistics, applied probability, basic programming skills in Python; basic concepts of 
machine learning.  

Literature: will be made available at the beginning of the project. 
 
 
 
 

mailto:stadler@kth.se


Project L2: Active learning for intrusion detection and response 
 

Supervisor: Yeongwoo Kim (yeongwoo@kth.se), György Dán (gyuri@kth.se) 
 

 
 
Cyber security has become a major concern in modern society as mobile and wired 

communication networks provide ubiquitous connectivity, and an ever increasing part of processes 
and industries become digitalized. Cyber defense is thus becoming fundamental for protecting our 
digital infrastructures from cyber-attacks and to mitigate the impact of attacks through timely incident 
response. Mitigation and response typically involve taking defensive actions in response to 
observations, often in the form of alerts generated by intrusion detection systems, but they come at a 
certain cost. E.g., a security analyst would have to investigate whether an alert is a false positive, 
hence spending working hours. Thus, it is important for a defender to choose defensive actions that 
are optimal, e.g., in the sense that they involve minimal cost while being effective. A fundamental 
prerequisite for taking an optimal choice is accurate real-time situational awareness (SA), but accurate 
SA is challenging to obtain due to the high false positive rate of alerts from intrusion detection systems. 
A promising framework to address the problem of choosing defensive actions is that of Hidden Markov 
Models, i.e., modelling alerts as observations triggered by attacker activity from an underlying hidden 
security state. In order to improve the accuracy of the state estimate, a promising approach is to 
formulate the problem of the defender as an active learning problem, i.e., a machine learning problem 
where the defender can perform queries about observed alerts and can choose to execute mitigation 
actions at a certain cost [1]. Choosing the most informative alerts and the best actions is, however, 
challenging. In this project the goal is to develop a formulation of the problem faced by the defender 
and to propose algorithmic solutions for solving the formulated problem, relying on state of the  art 
results in the area of active learning. 
 
[1] Yeongwoo Kim and György Dán, "An Active Learning Approach to Dynamic Alert Prioritization for 
Real-time Situational Awareness." Proc. of IEEE Conference on Communications and Network 
Security (CNS). IEEE, 2022. 
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Project L3: Trustworthy Autonomy in Cyber-physical Systems 
 

Supervisor: Mauricio Byrd Victorica (mbv@kth.se), György Dán (gyuri@kth.se) 
 

 
 

Automation and autonomous operation are considered fundamental for future manufacturing 
and transportation systems, and are expected to be based to a large extent on recent progress in 
artificial intelligence (AI) and machine learning (ML). They will depend on new generations of sensing 
equipment providing information for situational awareness. The accuracy and the reliability of the 
resulting system will depend on the accuracy of the sensed information and on that of the AI/ML 
algorithms used for processing the information. Along the tremendous benefits come, however, 
significant risks in terms of new vulnerabilities. State-of-the-art ML algorithms have been shown to be 
vulnerable to a variety of adversarial attacks, essentially minor manipulations of sensory input, with 
potentially incorrect operational decisions – and potential safety implications - as a consequence. The 
situation is aggravated by the fact that there is a lack of understanding of how to mitigate such attacks 
at the level of individual ML algorithms, and of the severity of these vulnerabilities at a system level. 
Existing works in the area of trustworthy machine learning have focused on adversarial attacks 
against various deep neural network (DNN) classifiers used for detection and classification, e.g., 
recent work has shown that DNNs are sensitive to small, imperceptible perturbations of visual input 
[1] as well as to physically realistic attacks, such as patches [2], and have also explored the 
vulnerability of LIDAR based detection systems to adversarial attacks [3]. The focus of these works 
is on the automotive domain, and they focus on attacks against individual sensing modalities. They 
do not, however, consider whether the vulnerabilities could be used for constructing attacks with 
actual physical impact. Key to addressing this important question is to understand the sensing 
modalities, their vulnerabilities, and how they are related to each other. In this project we explore this 
fundamental issue with the objective of developing algorithms for improving the trustworthiness of 
cyber-physical systems that contain ML components for data processing and inference. 
 
 
[1] Huang et al, “Adversarial Attacks on Neural Network Policies” in Proc. of ICLR workshops, 2017 
[2] Eykholt et al, “Physical Adversarial Examples for Object Detectors,” in Proc. of WEET, 2018 
[3] Tu et al, “Physically Realizable Adversarial Examples for LiDAR Object Detection”, Proc. of CVPR 
2020 
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Context M  
Information Engineering: Big Data & AI 

 
Big data and artificial intelligence are broad topics with huge technological and economical potentials 
and therefore is of interest in many areas. From an engineering point of view, it is mostly related on 
how to process data. Currently, information and communication technology is penetrating all systems 
to make them smart, e.g. we envision smart cities, smart homes, smart grids, etc. or Internet of things 
in general. The smartness of the systems is built on the principle to sense the system environment 
and then draw smart decisions on it. However without algorithms that extract information from the 
data, the information is buried in the data and cannot be exploited. Thus, the process of extracting 
information will be the key ingredient of many future technologies and is the main objective of 
technologies nowadays known as artificial intelligence (AI), machine learning, data mining, pattern 
recognition, data analytics, adaptive signal processing etc. which are all instances of information 
engineering. 
 
In general, we can say that the more data we have, the smarter the system will be. Thus, advanced 
smart systems sooner or later face the big data problem, which commonly means that the amount of 
the data is too big to be processed e.g. with standard tools. Therefore, there are huge research efforts 
developing novel information processing and data analytic methods, which enable future systems to 
deal with larger and larger data sets.  
 

Innovative information processing and data analytic methods are traditional topics of the Information 
Science and Engineering Division. Thus, the sub-projects offered in this course will address 
fundamental topics and problems in the area with a strong engagement of the department’s 
teachers. Accordingly, all offered Bachelor projects are closely related to some of the on-going 
research projects in the division. In particular, we offer project that deal with the collection and 
processing of health data, explainability problems of machine learning algorithms, privacy 
preserving method for solving consensus problems in decentralized networks, privacy performance 
assessment of synthetic data, and WIFI fingerprinting. Since information processing is quite 
abstract, all projects require a good mathematical background and solid programming skills. 



Project M1: Signal Processing and AI-based Human Activity 
Monitoring/Recognition using Smartphone Sensor Data 
Supervisor: Magnus Jansson, janssonm@kth.se, Information Science and Engineering Division 

Figure 1: Conventional human activity recognition (HAR)1 
 
Problem Statement:  
 
Mobile sensor-based activity recognition is a growing research field with important applications areas, 
such as healthcare and well-being. Data collected from multiple sensors, including smartphone 
sensors that are now ubiquitous, can be exploited to build predictive models capable of recognizing 
actions and activities performed by humans in their daily life. 
For example, an important application of activity recognition is to provide information and uncover 
knowledge on a user’s behavior that allows computing systems to proactively assist users with their 
tasks. Computer vision-based activity recognition has been at the forefront in this research field. A 
large number of researchers investigated machine recognition of gestures and actions from still 
images and video. However, cameras cannot be deployed everywhere nor can be employed anytime. 
In such pervasive and ubiquitous environment, mobile devices equipped with powerful sensors and 
high-speed processors can offer advanced human activity recognition capabilities to a variety of 
smartphone-based applications. Furthermore, smartphones can provide an important and essential 
context-aware data with regards to the kind of activities or routines performed by any individual within 
a particular time frame by leveraging the sensory data present on the currently available sensor-rich, 
portable and inexpensive mobile devices. This helps in using the mobile phones for providing a 
personalized support for the healthcare and general wellbeing. 
 
Aim of the thesis project:  
 
Under the bigger umbrella of HAR using smartphone, the aim of this bachelor thesis project is divided 
into two phases. The first phase is to collect smartphone sensor data that e.g. includes accelerometer, 
gyroscope, magnetometer and GPS to a processing station such as a laptop. Clean and process the 
data using signal processing tools to extract relevant features of interest.  The second phase includes 
two parts: 

(i) Design an accurate and robust step-counter to count the number of steps taken by the 
smartphone user in a given time frame. 

(ii) Employ a model or a data driven based activity recognition system that is capable of 
identifying/classify basic atomic activities such as walking, running, standing and climbing 
stairs. This part can also be changed to something else based on students own ideas and 
interest.  

mailto:janssonm@kth.se


To implement Part (i), basic signal processing knowledge is needed. An addition to this may include 
designing a smarter step counting algorithm and/or extending the functionality in other ways, which is 
left open to the students. 
 
Part (ii) would most likely require basic knowledge of modelling and machine learning and hence kept 
optional depending on the student’s interest and available time. 
 
Primary basic software skills required: MATLAB and/or Python. 
 
 
References: 
[1] Vaughn, Amari, et al. "Activity detection and analysis using smartphone sensors." 2018 IEEE 

International Conference on Information Reuse and Integration (IRI). IEEE, 2018. 
[2] Myo, Win Win, Wiphada Wettayaprasit, and Pattara Aiyarak. "A more reliable step counter using 

built-in accelerometer in smartphone." Indonesian J. of Electrical Eng. and Computer Sci. 12.2 
(2018): 775. 

[3] Khedr, Maan, and Nasser El-Sheimy. "A smartphone step counter using IMU and magnetometer 
for navigation and health monitoring applications." Sensors 17.11 (2017): 2573. 

[4] Liu, Li, et al. "Complex activity recognition using time series pattern dictionary learned from 
ubiquitous sensors." Information Sciences 340 (2016): 41-57. 

[5] Dernbach, Stefan, et al. "Simple and complex activity recognition through smart phones." 2012 
eighth international conference on intelligent environments. IEEE, 2012. 

[6] Mobark, Mohammed et al. "Improving the accuracy of complex activities recognition using 
accelerometer-embedded mobile phone classifiers." Second Int. Conf. on Inform. and Comp, 
IEEE, 2017. 

[7] Loddo, Andrea, Barbara Pes, and Daniele Riboni. "Feature Selection in Mobile Activity 
Recognition: A Comparative Study." 2021 22nd IEEE Intern. Conf 

[8] Panahandeh, G., Mohammadiha, N., Leijon, A., Händel, P., ``Continuous hidden Markov model 
for pedestrian activity classification and gait analysis,” IEEE Transactions on Instrumentation and 
Measurement 62 (5), 1073-1083 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Project M2: Explainable Machine Learning for Health Care 

Supervisor: Ragnar Thobaben (ragnart@kth.se), Division of Information Science and Engineering 
 
In the last decade, a large amount of health care data has been collected in hospitals world-wide, 
which is now partially made available for research purposes in public data bases to foster the 
development of new data-driven approaches to health care and to take advantage of the recent 
progress in the field of machine learning. Typical applications for machine learning in health care 
include decision support systems, (e.g., diagnostics, outcome prediction, and treatment 
recommendations), treatment automation (e.g., glucose, ventilation, circulatory and cardiovascular 
management), and data analysis (e.g., identification of patient- and treatment-specific risk factors). 
One of the biggest obstacles though that hinders the wide acceptance of machine learning models 
in health care, is lack of interpretability of such models. For example, in a clinical context, a decision 
support system needs to be able to provide an explanation for its recommendation in order to be 
trusted by the medical staff, and in the case of data analysis (e.g., identification of risk factors), it is 
important to understand which signal components are responsible for triggering a certain response 
of the learned model. In this project, we will investigate this issue by studying machine learning 
models trained from health-care data (e.g., models for detecting cardiovascular disease and/or pre-
diabetes, mortality prediction) and by extending these models to yield interpretability and 
explainability. This can be achieved, e.g., by considering models that are inherently well 
interpretable like, e.g., random forests and clustering, or by performing a sensitivity analysis of 
trained models with known parameters.  
 
The steps in the project are as follows:  
 

• In self-studies, the students are expected to acquire the required machine learning 
background and skills to execute the work in this project. Following publicly available online 
lectures has been a successful approach to this in previous years.  

• Together with the Supervisor, you will identify a few suitable problems (e.g., detection of 
cardiovascular disease and/or pre-diabetes, mortality prediction) and data sets, for which 
you will train at least two different machine learning models using different methods. 

• Next, you will adopt strategies from the literature and possibly develop new strategies to 
further analyse the models in order to explain their responses to the data. 

• You will summarize your findings and present the results of a comparison of the different 
approaches investigated in this project in the final report and the final presentation. The final 
report will also include a brief survey of recent approaches to explainable machine learning.  
 

The project is fairly open and leaves students with a lot of space to develop and pursue own ideas. 
Since this freedom also can be a burden, this project is only recommended for creative students 
with strong mathematical and programming background. Students working in this project will be 
supported by Ragnar Thobaben.  
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Project M3: Privacy-preserving alternating direction method of 
multipliers 

Supervisor: Jeannie He, jeannie@kth.se, Ming Xiao, mingx@kth.se, Information Science and 
Engineering Division 

 

Project description: 
For the benefits of enabling large-scale machine learning systems through the use of multiple 
computing entities, alternating direction method of multiplier (ADMM) has recently attracted 
substantial interests in both academy and industries. In ADMM, data is normally stored and 
processed locally and then the results are unified through a consensus in the networks [1]. 
However, there are still challenges in implementing ADMM in practical setups, such as privacy.  
Thus, there are few results studying the privacy preservation schemes for ADMM from the aspect of 
privacy preservation, computation and communication costs [1]. 
To solve this, Ye et al  [1] have, for instance, proposed two privacy preserving ADMM algorithms, 
with an aim to enable secure and efficient implementations of ADMM. Given the importance of 
computational and communicational efficiency as well as privacy preservation, it is then interesting 
to study the impact of privacy-preserving schemes in their proposal in terms of computational and/or 
communicational cost.  
 
Detailed project goal: 
The primary goal is to study the impact of privacy-preserving schemes used in at least one of the 
state-of-the-art ADMM in terms of computational and/or communicational cost. This can be 
achieved by implementing the algorithms proposed in [1]; compare their computational and/or 
communicational costs; and make a significance analysis of the result. 
If time allows, other privacy preserving schemes used in other articles should be 
also implemented and compared. For the sake of simplicity, the scope can be limited to 
computational and/or communication costs. 
 
Project-specific prerequisites (non-obligatory): 
SF1811/ SF1861 Optimization, SF1900/SF1920 Probability Theory and Statistics, DD2352/ DD1320 
Algorithms and Complexity, DD2421 Machine Learning, SF1672/SF1624 Algebra and Geometry or 
similar courses. 
 
Source: 
[1] Yu Ye, Hao Chen, Ming Xiao, Mikael Skoglund, and H Vincent Poor. Privacy-preserving 
incremental admm for decentralized consensus optimization. IEEE Transactions on Signal 
Processing, 68:5842–5854, 2020. 
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Project M4: Evaluating Membership and Attribute Inference Attacks on 
Synthetic Data Generated with Formal Privacy Guarantees  

Supervisors: Sara Saeidian, saeidian@kth.se,  Tobias Oechtering, oech@kth.se, Information 
Science and Engineering Division 
 
Problem Statement:  
Recently, data sharing has become more and more prevalent in industry and society alike. At the 
same time, concerns about privacy rights of individuals have led to extensive research to ensure safe 
and responsible data sharing. In this landscape, synthetic data generation is deemed by many to be 
a promising solution to the problem of privacy-preserving data sharing, that is, the ability to share data 
while formally guaranteeing privacy for individuals who have contributed their data to the dataset. The 
formal privacy guarantees are commonly based on the framework of differential privacy [1], which 
ensures that individuals do not face substantial risks by participating in a dataset.  
 
A recent study [2] has attempted to evaluate both the privacy risks and the utility of several synthetic 
data generation approaches. Specifically, [2] evaluates the risks of membership inference [3] and 
attribute inference [4] attacks performed on synthetic data generated by different approaches. This 
work also assesses the quality of the data produced by each method.  
 
The overall aim of this thesis project is to reproduce the results obtained by [2] and possibly extend 
the study to other synthetic data generation methods.  The project has two parts: in part one the goal 
is to implement the privacy attacks proposed by [2], and verify the results for two generative methods 
namely, PATE-GAN [5] and PrivBayes [6]. This part also includes evaluating the quality of the 
synthetic data generated by each approach, for example, by comparing some statistics of the original 
dataset with the statistics of synthetic dataset.  
 
In part two of the project, the goal is the apply the framework of [2] to other synthetic-data generation 
methods, propose improvement to the evaluation techniques, study other datasets, etc. The specific 
aims of part two are left to the students to define based on the insights gained from part one. The 
minimum requirement for the thesis project is part one, and part two is optional.  
 
Required Skills: Familiarity with Python and its popular machine learning libraries (TensorFlow, 
Keras, …) in addition to a good mathematical background are required.  
 
 
References: 
[1] Dwork, Cynthia, and Aaron Roth. "The algorithmic foundations of differential privacy." Foundations 
and Trends® in Theoretical Computer Science 9.3–4 (2014): 211-407. 
[2] Stadler, Theresa, Bristena Oprisanu, and Carmela Troncoso. "Synthetic data–anonymisation 
groundhog day." 31st USENIX Security Symposium (USENIX Security 22). 2022. 
[3] Shokri, Reza, et al. "Membership inference attacks against machine learning models." 2017 IEEE 
symposium on security and privacy (SP). IEEE, 2017. 
[4] Yeom, Samuel, et al. "Privacy risk in machine learning: Analyzing the connection to 
overfitting." 2018 IEEE 31st computer security foundations symposium (CSF). IEEE, 2018. 
[5] Jordon, James, Jinsung Yoon, and Mihaela Van Der Schaar. "PATE-GAN: Generating synthetic 
data with differential privacy guarantees." International conference on learning representations. 2018. 
[6] Zhang, Jun, et al. "Privbayes: Private data release via bayesian networks." ACM Transactions on 
Database Systems (TODS)42.4 (2017): 1-41. 

 
 

Project M5: Where am I? What can your mobile tell without the GPS? 
 
Supervisor: Mats Bengtsson matben@kth.se, Division of Information Science and Engineering (ISE) 
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Problem Statement: 
 
Your smart phone can easily tell where you are, using its built-in GPS receiver, but how accurately 
can you position yourself if all of a sudden the GPS service stops over northern Europe and can you 
do better than GPS in urban environments with poor GPS coverage but decent cellular coverage? 
The radio communication between your phone and the surrounding base stations is heavily 
influenced by the radio propagation conditions, which provides some information on where you are 
located. Especially for indoor scenarios, there has been quite some effort to measure the signal 
power received from different access points and use those measurements to try to find the position, 
so-called WiFi fingerprinting.  
 
In this project, you will explore how similar ideas can be used outdoors and if it’s possible to exploit 
more information than just the total received power from each base station. You will get access to 
wideband radio propagation measurements from a text vehicle that was driving around in Kista and 
simultaneously collected frequency responses of the radio propagation from three different base 
stations. These measurements were repeated every 5 milliseconds, meaning that you will have 
detailed information also about the time evolution of the channel. There is also GPS based position 
data available, that can be used as a reference.  
 
Your task will be to try to estimate the vehicle position based on the data and to explore what 
features of the data are best to use. If there’s time, it could also be interesting to try to estimate the 
speed as well. One possible solution approach could be to store parts of the measurements in a 
reference database and use learning methods such as the K-nearest neighbors algorithm, but there 
are also many other possibilities. 
 
 

 

 

 



Context N  
Artificial Intelligence 
 

 
 
In this context we have collected projects that are about AI: the development of intelligent agents, that 
can take in information, reason about it, take decisions and act upon those, in a more or less 
autonomous manner. With this definition, AI encompasses both reasoning and logic as well as 
systems that learn from data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Project N1: Multi-Agent Strategic Planning 
 
Supervisor: Dilian Gurov (dilian@kth.se), Division of Theoretical Computer Science 
 
Key Words: Multi-Agent Systems, Game Theory, Knowledge-Based Strategies 
 
In a multi-player game, a coalition of players (also called agents) is attempting to achieve an objective 
within a (potentially hostile) environment, considered to be the opponent. Solving such a game means 
to find a strategy that achieves the objective regardless of the moves of the environment. Rescue 
missions involving robots and humans or pursuit-evasion games are examples of such games, often 
called multi-agent systems. 
 
An interesting, but complicating circumstance is when the players have limited information about the 
current state of affairs, say due to limited observation capabilities. Such games are called games of 
imperfect information. A related aspect is posed by the communication capabilities between players. 
The problem of strategy synthesis under imperfect information and limited communication is known 
to be hard, and is an active research area. 
The present project investigates the modelling of such games, as well as algorithmic techniques for 
strategy synthesis. In particular, the project focuses on strategies based on the notion of knowledge. 
In the context of this project, knowledge refers to information, structured suitably, stored and updated 
during the course of a play, for deciding on a course of action. Especially interesting is higher-order 
knowledge, where players maintain and use  during play knowledge about the other players 
knowledge. 
 

 
 
 
Inspirational Reading: 
 
[1] Gurov, D., Goranko, V., Lundberg, E.: Knowledge-Based Strategies for Multi-Agent Teams Playing 
Against Nature. Artificial Intelligence, vol.309, 2022, DOI: 10.1016/j.artint.2022.103728 
[2] Doyen, L., Raskin, J.F.: Games with imperfect information: Theory and algorithms. Lectures in 
Game Theory for Computer Scientists pp. 185–212 (2011) 
[3] Berwanger, D., Kaiser, L., Puchala, B.: A perfect-information construction for coordination in 
games. In: Foundations of Software Technology and Theoretical Computer Science (FSTTCS’11). 
LIPIcs, vol. 13, pp. 387–398 (2011) 
[4] Huang, X., van der Meyden, R.: Synthesizing strategies for epistemic goals by epistemic model 
checking: An application to pursuit evasion games. In: Proceedings of AAAI 2012 (2012)  
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Project N2: Luftstrid med AlphaZero 
 

Handledare: Mika Cohen (mikac@kth.se), KTH/TCS och FOI/Försvarsteknik och Farzad Kamrani 
(farzad.kamrani@foi.se), FOI/Försvarsteknik. 

Sammanfattning: I det här projektet utvecklar du taktik till ett småskaligt krigsspel med hjälp av en 
självlärande AI från DeepMind. 
 

 
 

Bakgrund 

I början av 1941 förstörde tyska ubåtar allierad sjöfart i en förödande takt. Winston Churchill 
beordrade att den brittiska flottan skulle "Ta reda på vad som händer och sänka U-båtarna!”. En ny 
taktikutvecklingsenhet skapades, Western Approaches Tactical Unit (WATU), där man simulerade 
ubåtsattacker och utvecklade motåtgärder med hjälp av krigsspel. Krigsspelens spelregler speglade 
kända fysikaliska egenskaper hos handelsfartyg, eskorter och ubåtar vad gäller hastighet, 
vändcirkel, synlighet, beväpning och så vidare, men spelreglerna lämnade taktiska beslut kring 
formation, m.m. öppna för spelarna att välja fritt. Spelarna tilläts därvid att experimentera med 
taktiken och pröva sig fram och på så vis – genom trial-and-error – nå fram till den bästa taktiken för 
att skydda konvojerna. Denna taktikutveckling anses ha varit avgörande för utvecklingen i kriget i 
stort.  

Idag är det rimligt att tänka sig att ”Liknande utmaningar i framtiden skulle kunna hanteras ännu 
snabbare och mer effektivt med hjälp av AI-program som AlphaZero” (Edward Stringer, 
generaldirektör för försvarshögskolan i Storbritannien). 

AlphaZero. För fem år sedan förlorade Lee Sedol, legendarisk 18-faldig världsmästare i Go, mot 
AlphaGo, en AI från DeepMind. Händelsen väckte stor uppmärksamhet – att bemästra Go sågs av 
många som det yttersta inom mänsklig intelligens och kreativitet.  DeepMind förenklade och 
generaliserade sedermera AlphaGo till en generell algoritm, AlphaZero, som kan lära sig 
godtyckliga strategispel (av ett visst slag) till övermänsklig skicklighet. AlphaZero lär sig ett spel 
genom att spela mot sig själv om och om igen (self-play) i en process av försök-och-misstag inte 
helt olik mänsklig inlärning i t.ex. WATU.  

AlphaZero har i grunden förändrat förståelsen av klassiska strategispel som Go och Schack med 
nydanande, bitvis revolutionerande taktik som århundraden av omfattande, heroisk mänsklig 
ansträngning inte lyckats upptäcka. 

Mikrokrigsspel med AlphaZero. Ubåtsspelen i WATU tillhör en typ av mycket småskaliga 
krigsspel, ibland kallade mikrokrigsspel, som i mångt och mycket påminner om klassiska 
strategispel som Go och Schack. Den avgörande skillnaden är att spelreglerna syftar till att korrekt 
spegla dynamiken i en viss verklig militär konfliktsituation, om än på en hög abstraktionsnivå. 

Eftersom AlphaZero har visat sig kunna bemästra klassiska strategispel och ge ett fönster mot 
optimalt spelande i dessa kan AphaZero förväntas att på liknande sätt kunna ge ett fönster mot 
optimalt spelande även i mikrokrigsspel.  
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Syfte 

Projektet syftar till att undersöka ett mikrokrigsspel med hjälp av AlphaZero. Hur väl balanserat är 
spelet? I vilken mån står sig taktik som rekommenderas i krigsspelcommunityn med den 
(förhoppningsvis) optimala taktik som AlphaZero tar fram? 

Det specifika mikrokrigsspelet att analysera väljs i samråd med handledare. Några förslag på spel: 

• Fighter Duel (https://youtu.be/lVlb9kfTe8A) 
• Dogfight (https://youtu.be/xNwrSH1jYXo) 
• Canvas Aces (https://youtu.be/WldCHqBhfcA) 

Luftstridsspelen ovan har utvecklats på The Department of War Studies, Kings Collage London, för att studera 
luftstridstaktik under första- och andra världskriget. 

Metod 

Det valda mikrokrigsspelet analyseras med AlphaZero i OpenSpiel, en noggrant testad, 
väldokumenterad och användarvänlig implementation av DeepMind:s flaggskepp AlphaZero som 
nyligen blivit publik (https://github.com/deepmind/open_spiel).  Lite grovt kan arbetet delas in i tre 
steg: 

1. Spelreglerna implementeras i OpenSpiel. GUI är ett bonus, men inte ett krav. Beroende på 
spelets komplexitet implementeras endast en specifik variant av spelet (lutstridsspelen ovan 
är komplexa med många olika variationer). 

2. AlphaZero (som medföljer OpenSpiel) konfigureras för det specifika spelet. 
3. Spelbalans (eng: game balance) och taktik undersöks med AlphaZero. 

Nytta 

Projektet bedrivs i anslutning till forskningsprojekt om taktisk AI på FOI. 

Vidare läsning 

Krigsspel med AlphaZero, FOI 2021, https://www.foi.se/rapportsammanfattning?reportNo=FOI-R--
5057--SE 

Tidigare kursomgångar 

Projektet är det tredje i en rad projekt kring taktisk AI inom samma kurskontext. 

• Exploring Game Balance in the Scandinavian Fox Game with Monte-Carlo Tree Search, 
Anton Janshagen och Olof Mattsson, Workshop on Tabletop Games, 2022 

• Monte-Carlo Tree Search for Risk, Erik Kalmer och Christoffer Limer, 14th NATO Operations 
Research and Analysis (OR&A) Conference, 2020 

  

https://youtu.be/lVlb9kfTe8A
https://youtu.be/xNwrSH1jYXo
https://youtu.be/WldCHqBhfcA
https://github.com/deepmind/open_spiel
https://www.foi.se/rapportsammanfattning?reportNo=FOI-R--5057--SE
https://www.foi.se/rapportsammanfattning?reportNo=FOI-R--5057--SE


Project N3: Bluffspel i cyberrymden med honungsfällor 
 
Handledare: Joel Brynielsson (joel@kth.se), KTH/TCS och FOI/Försvarsteknik, och 
Edward Tjörnhammar (edward@foi.se), FOI/Försvarsteknik. 
 
Sammanfattning: I det här projektet studeras cybervilseledning genom spelteoretiskt optimal 
utplacering av honungsfällor. 
 

 
 
All krigföring baserar sig på bluffspel.  
   Sun Zi 
 
Av alla mänskliga aktiviteter påminner krig mest om ett kortspel. 
                                            Carl von Clausewitz 
 
Bakgrund 
Runt om i världen använder numera säkerhetsoperatörer AI-algoritmer för att planera ett optimalt 
oförutsägbart försvar inom olika arenor – tillämpningarna handlar om övervakning av allt från 
flygplatser och hamnar till kust och hav. Algoritmerna räknas som en av de mest framgångsrika 
praktiska tillämpningarna av AI inom försvar och säkerhet. AI-algoritmerna i fråga hör till en gren av 
algoritmisk spelteori, s.k. Stackelbergspel. För att göra försvarsinsatser oförutsägbara i en 
konfliktsituation (exempelvis bekämpningen av tjuvjakt i ett naturreservat) tillförs ett element av 
slumpmässighet i hur försvarsresurserna (såsom fotpatruller) agerar. Men försvarsresurserna agerar 
inte helt godtyckligt utan algoritmerna slumpar agerandet på ett sätt som maximerar den 
avskräckande effekten i konfliktsituationen. 
 
Cyberförsvar utgör ett exempel på en konfliktsituation som är asymmetrisk, där angriparen har 
möjlighet att skanna av it-nätverk och nyttja olika sårbarheter, medan försvararen utför motåtgärder 
såsom att placera ut honungsfällor för att locka till sig angripare. Olika försvarsmekanismer är dock 
förknippade med varierande kostnader och effektivitet: initial effektivitet kan försämras över tid i takt 
med att angripare anpassar sig till säkerhetsåtgärder, exempelvis till hur honungsfällorna allokeras, 
vilket gör optimering av åtgärder utmanande. Stackelbergspel utgör här en metodik för utveckling av 
nya försvarsstrategier inom cyberområdet som tar hänsyn till angripares svar på försvarsstrategier. 
Idén är att rationella cyberangripare kommer att beakta vilka säkerhetsåtgärder som en organisation 
vidtar, så att försvaret av ett IT-nätverk kan modelleras som ett flerstegsspel med två spelare. Genom 
att modellera och lösa sådana spel kan en optimal försvarsstrategi för att mildra cyberattacker hittas. 
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Syfte 
Projektet syftar till att använda Stackelbergspeloptimering för att beräkna en oförutsägbar allokering 
av honungsfällor i en organisations IT-system. 
 
Metod 
Som student får du ett Stackelbergspel som representerar ett allokeringsproblem relevant för 
Försvarsmakten. Arbetet har tre moment: 
 

1. Stackelbergspelet implementeras i OpenSpiel, ett ramverk från DeepMind för att optimera 
uppträdande i spel av olika slag (https://github.com/deepmind/open_spiel). 

2. En optimeringsalgoritm för Stackelbergspel (som medföljer OpenSpiel) konfigureras för det 
specifika spelet. 

3. Den optimalt oförutsägbara allokeringen av honungsfällor undersöks. 
 
Nytta 
Projektet bedrivs i anslutning till flera olika forskningsprojekt på FOI med bäring på AI för 
cyberallokering. 
 
Vidare läsning 
Brynielsson, J., Cohen, M., Kamrani, F., Oskarsson, D., Patrullering med poker-AI: Systematiskt 
oförutsägbar patrullering i sjö, mark och cyberrymd, 
https://foi.se/rapportsammanfattning?reportNo=FOI-R--5291--SE. 
 
Kiekintveld, C., Lisý, V., Píbil, R., Game-theoretic foundations for the strategic use of honeypots in 
network security, https://doi.org/10.1007/978-3-319-14039-1_5. 
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Context O 
Computational brain modelling and brain-
like computing   
 

 
 
 
 
The general focus is here on developing, studying and/or applying connectionist (network based) 
brain models. The proposed topics range from simulating detailed spiking neural networks to 
investigating and validating more abstract brain-like computing architectures. Projects can be 
formulated to either address theoretical questions or test the networks’ functionality in applications. 
 
Please bear in mind that project details and specific research questions within the proposed themes 
are discussed individually with students depending on their interests. There is also a lot of flexibility 
in defining the scope and size of these projects. Some project ideas at the cross-sections of the 
following themes can be proposed/found. Students will have an opportunity to learn to use dedicated 
simulation software (with a possibility to rely on Python interface) or exploit their programming 
competence to build their own computational tools for theoretical or applied research. The focus 
however is on the scientific essence of the project, not on the methodology used.    
 
The suggested projects are organized in three main themes, each of which describes a set of 
proposed topics. The lists of topics and some project ideas are not meant to be limiting in any sense 
and can therefore be easily expanded by students’ own ideas. 
 
 
 
 
 
 
 



 
Project O1: Simulations and analysis of neural network models with 
emphasis on attractor memory networks 
 
Supervisor:  Pawel Herman (paherman@kth.se), Department of Computational Science and 
Technology (CST) 
 
General theme 
  
There have been a range of theoretical concepts of brain computations proposed in computational 
neuroscience. Among the connectionist (network-based) approaches to modelling brain function, an 
attractor theory of neural computations has recently received particular attention. The functionality of 
attractor networks has been found helpful in explaining various perceptual and memory phenomena. 
Consequently, these models can be considered as fundamental components of systems level 
approach to modelling brain function within the framework of network-of-networks architecture. An 
implementation of attractor memory models can range from a more biologically plausible networks of 
spiking neurons to more abstract networks of units with continuous rate-based input/output.  
More biophysically detailed models with spiking neurons and synapses provide an opportunity to 
study rich neural dynamics in close relation to biological data, and specifically, recordings from the 
brain tissue. This way both dynamical and functional aspects of fascinating cortical phenomena can 
be studied. Such spiking neural network models are usually developed using dedicated simulation 
software, e.g. Nest, Neuron, Genesis etc.  
More abstract networks relying on rate-based units (i.e. with non-spiking real-valued input/output) on 
the other hand allow for constructing larger systems with the aim of exploring functional aspects of 
the simulated attractor memory system. In this context, both generic theoretical investigations into 
computational capabilities of memory (learning, memory capacity etc.) as well as specific applications 
in pattern recognition, whether in a biological or non-biological data mining context, can be pursued. 
Within this theme other computational theories of the brain, e.g. liquid state machines, can also be 
studied. In this regard, computational or dynamical aspects as well as application-oriented questions 
may be explored. Students can make use of existing software simulators or developed their own 
implementations of network models. 
 
Project ideas 
 

a) Studying the effect of different connectivity patterns, network architectures and their 
dimensionality on the dynamics and function of the attractor model.  

b) Investigating the sensitivity of the model to the level of biological detail being accounted for 
(discussion on the required level of complexity and the relevance of biological constraints). 

Exploring population-level (e.g. simple mean-field approximation) approaches to describing the neural 
dynamics exhibited by a modular attractor network. 
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Project O2: Brain-inspired or brain-like computing algorithms – 
theoretical developments and applications 
 
Supervisor:  Pawel Herman (paherman@kth.se), Department of Computational Science and 
Technology (CST) 
 
General theme 
 
Development of brain models to study neural phenomena, as broadly discussed in topic 1.1 above, 
often leads to better understanding of the nature and purpose of neural computations. From a broader 
perspective, these computations can be seen as an inspiring model for novel approaches to generic 
information processing. Good reputation of neural network architectures in this regard is largely due 
to the impressive capabilities of information processing in the brain, which robustly handles large 
volumes of noisy multi-modal data received in continuous streams. Consequently, brain-like 
computing has long been considered as a particularly appealing concept in a broad field of information 
science. With the increasing availability of powerful computing platforms and intensive development 
of brain models as well as a growing body of knowledge about computational mechanisms underlying 
brain function, there is a surge of interest in adapting these functional aspects to devise algorithms 
for more generic applications in the field of data mining, pattern recognition etc. These efforts are 
urgently needed and particularly relevant to real-world problems involving so-called big data, for 
example in exploratory analysis of large volumes of high-dimensional neuroimaging data for research 
or clinical purposes. 
 
Project ideas 
 

a) Adapting selected brain-like computing paradigms for large-scale data mining, e.g. to perform 
exploratory search for patterns in brain imaging data (medical diagnostics, see also Theme 
3). 

b) Devising new brain network inspired approaches to generically process temporal or sequential 
data and/or comparing to the existing state-of-the art attempts. 

c) General evaluation and validation of brain-like computing algorithms on speech recognition, 
computer vision or other challenging real-world problems. 

d) Testing robustness (sensitivity analysis, noise handling capabilities, computational speed) and 
benchmarking brain-like computing methods against more conventional machine (/statistical) 
learning techniques on a selected set of benchmark problems.  

Devising network hierarchical architectures to model behavioural phenomena like prediction, 
expectation and filtering (at a reasonable level of abstraction). 
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Project O3:  Bayesian learning in spiking neural network models 
 
Supervisor: Pawel Herman (paherman@kth.se), Department of Computational Science and 
Technology (CST) 
 
General theme  
 
The theoretical framework of Bayesian statistics is commonly considered as an intuitively attractive 
model for representing and processing uncertain information in the brain. It has received a lot of 
attention in computational studies of learning and inference mechanisms underlying brain function. 
Since the Bayesian machinery for capturing probabilistic information in distributed neural networks 
corresponds to a commonly accepted and biologically inspired Hebbian idea of synaptic processes 
taking place in the connections between cells, there have been numerous attempts to adapt Bayesian 
inference as an unsupervised learning principle. In this context it is particularly challenging to translate 
Bayesian algorithms from abstract theoretical formulations to biologically plausible computations in 
spiking neural network models. In the project a student will support the ongoing work in the lab, where 
our own learning scheme (Bayesian Confidence Propagating Neural Network, referred to as BCPNN) 
has been developed. 
 
Project ideas 

a) Benchmarking synaptic Bayesian-Hebbian learning rules in a spiking sparse activity cortical 
associative memory and/or in popular pattern recognition/machine learning tasks. 

b) Simulation and analysis of spiking neural network models pre-trained with a Bayesian learning 
algorithm; studying implications of Bayesian learning on the network dynamics and function. 
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Context P 
Automatic bug fixing 
 

 
 
 
General description 

 
In this research project, we invent systems to automatically fix software bugs. Our systems repair 
Java code, are strongly validated on real bugs and large scale programs. Our software prototypes 
are all made open-source for sake of reproducible research and open-science.  
        
Read more: 
 
- Curated introductory pointers about program repair 
- Curated introductory pointers about self-healing software 
- Survey on automatic bug fixing 
- Our best-of-breed automatic repair systems for Java: Nopol, Astor, NpeFix  
 
 
 
 
 

 

 

 

https://www.monperrus.net/martin/automatic-software-repair
https://www.monperrus.net/martin/automatic-software-repair
https://www.monperrus.net/martin/notes-on-self-healing-software
https://www.monperrus.net/martin/notes-on-self-healing-software
https://hal.archives-ouvertes.fr/hal-01206501/file/survey-automatic-repair.pdf
https://hal.archives-ouvertes.fr/hal-01206501/file/survey-automatic-repair.pdf
http://www.monperrus.net/martin/bibtexbrowser.php?key=xuan%3Ahal-01285008&bib=monperrus.bib
http://www.monperrus.net/martin/bibtexbrowser.php?key=martinez%3Ahal-01321615&bib=monperrus.bib
http://www.monperrus.net/martin/bibtexbrowser.php?key=durieux2016npefix&bib=monperrus.bib


Project P1: Automatic Categorization on AI Patches with AST Analysis 
Supervisor: Martin Monperrus, KTH Royal Institute of Technology 

KTH has invented a new system called Sequencer for producing patches with machine learning [1]. 
Sequencer learns from past diffs using sequence-to-sequence learning. The student will perform a 
large scale analysis of the Sequencer patches. The experiment will involve the Gumtree AST diff 
library and will be done on a scientific computing grid. 

1. SequenceR: Sequence-to-Sequence Learning for End-to-End Program Repair 
2. Benchmark of single-line bugs 

 
 

Project P2: Automatic Program Repair of Bears with Repair Templates 
Supervisor: Martin Monperrus (KTH Royal Institute of Technology) 

Description: In automatic program repair, template-based repair is an effective way to reduce 
programs with little overfitting [1]. The student will implement template-based repair in Astor [3], based 
on the consolidated list by Liu et al [1]. The student will design design and perform a large scale 
experiment of template-based repair on the BEARS benchmark [2], with quantitative and qualitative 
analysis. 

1. TBar: Revisiting Template-based Automated Program Repair 
2. Bears: An Extensible Java Bug Benchmark for Automatic Program Repair Studies 

https://github.com/SpoonLabs/astor 
 
 

Project P3: Neural Repair of Static Analysis Warnings 
Supervisor: Martin Monperrus, KTH Royal Institute of Technology 

Description: Static analysis tools are much used in industry to statically detect bugs and code smells. 
You will research in the area of machine learning for repairing static analysis warnings. You will 
devise, implement and evaluate an approach based on sequence-to-sequence learning. The 
considered static analysis tools are SonarQube-java and Facebook infer. 

1. Automatically Generating Fix Suggestions in Response to Static Code Analysis Warnings 
(2019) 

2. Adversarial Robustness for Code (2021) 
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https://arxiv.org/pdf/2002.04694


Context Q 
Big Graphs of Software Packages 
 

 
 
 
The software infrastructure for scientific research depends on third-party packages developed and 
maintained by vibrant open source software communities. Large package repositories include CRAN 
for R, Pypi for Python, Maven for Java. These package repositories share one property: they form 
very large graphs of interdependent software packages that provide a reliable and safe backbone for 
scientific computing and the web of science. The three projects explore different dimensions of these 
big graphs. 
 
The Maven Dependency Graph: a Temporal Graph-based Representation of Maven Central. 
https://zenodo.org/record/1489120 
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Project Q1: Evolutionary patterns in big software graphs 
 
Supervisor: Benoit Baudry, Software and Computer Systems, baudry@kth.se  
 
Software graphs are composed of software packages and dependency relations between packages. 
Both  evolve regularly over time. New packages are added in the graph and existing packages evolve 
to offer new features or fix issues. Dependencies evolve according to the popularity of packages and 
changes in needs. This project investigates the existence of patterns in graph evolution to identify 
trends, such as migration from one package to another or the systematic co-occurence of some 
evolutions. 
 
[1] "From time series to complex networks: The visibility graph." Lacasa, Lucas, et al. Proceedings of 
the National Academy of Sciences 105.13 (2008): 4972-4975. 
[2] “On the evolution of technical lag in the npm package dependency network”. Decan, Mens, 
Constantinou, in International Conference on Software Maintenance and Evolution (ICSME) (2018). 
 
 
 
Project Q2: Labeling the chain of dependencies 
 
Supervisor: Benoit Baudry, Software and Computer Systems, baudry@kth.se  
 
Software represent the dependency relationships among software packages. Given one package, the 
developers of this package need to be informed about the provenance of all the packages on which 
they depend. These packages are labeled, but the current labeling is meant for storage and retrieval 
(technical, unique ids). It does not adequately capture the provenance of packages. This project 
investigates the automatic generation of semantic labels for the provenance of packages. 
 
[1] Cox, Russ. "Surviving software dependencies." Communications of the ACM 62.9 (2019): 36-43. 
[2] Levy, Elias. "Poisoning the software supply chain." IEEE Security & Privacy 1.3 (2003): 70-73. 
 
 
 
Project Q3: Topology of software graphs 
 
Supervisor: Benoit Baudry, Software and Computer Systems, baudry@kth.se  
 
This project characterizes the topology of software graphs in order to determine the existence of 
critical nodes or fragile areas in software ecosystems. The scientific and IT communities heavily rely 
on software packages to reuse functionalities. Hence, it is essential to determine early the potential 
risks in reusing specific packages. Graph analysis can support this risk assessment task for the 
scientific community 
 
[1] “Analyzing 2.3 Million Client-Library Maven Dependencies to Reveal an Essential Core in APIs”. 
Harrand, Benelallam, Soto-Valero, Barais, Baudry. https://arxiv.org/pdf/1908.09757 
[2] "Error and attack tolerance of complex networks."Réka, Jeong, Barabási. Nature 406.6794 (2000): 
378-382. 
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