
M S 3  M S C  
T h e s i s  M e n u

dine with us
The development of radar technology is 
indispensable to resolving societal challenges. 
Like detecting weather anomalies to better 
prepare for catastrophes or enhancing the safety 
of drone deliveries and autonomous driving. And 
what about monitoring vulnerable people’s 
health parameters to trigger life-saving medical 
assistance? Or the development of 6G, blurring 
the lines between communication and sensing? 

As a MSc student at MS3, you will be at the 
forefront of research into cognitive systems and 
remote sensing, working with world-leading 
industrial and scientific partners.

VISIT US
EEMCS, 20th floor

With a wide range of starters 
(internships) and main dishes 

(thesis projects), there'll always 
be something on our menu to 

excite your taste buds!ABOUT US
See our booklet and 
self introduction at:
https://radar.tudelft.nl

Rooftop bar :)

https://radar.tudelft.nl/
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* Please contact us if you are interested in a dish we offer, or if you want to discuss about 

possible variations of the dishes. The emails of the supervisors, aka chefs ☺, are provided.



ACTIVE PHASED ARRAY SYSTEMS
Supervisor : Dr. Yanki Aslan

Y.Aslan@tudelft.nl, HB.20.060, www.yankiaslan.nl

Goes well with : EE4016, ET4169, EE4565, EE4715 
Description : The aim is to include physical effects, such as presence of 
bumper, ground reflections etc., in direction-of-arrival (DoA) estimation in 
77 GHz car radars. You will run EM simulations and embed the results in 
high-resolution DoA estimation algorithms. In this project, you will have a 
chance to interact with and report your results to NXP.

Topic #2 : Physical effects in DoA estimation for automotive radar
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“Using electromagnetics (EM) as the foundation, I offer interdisciplinary projects. You will 
interact with a PhD student on daily basis, and receive feedback from me every week. It is 
possible to start with an extra project or an internship at the supporting company.”   

#1

Who is on the table? : Ir. Adrian Lamoral-Coines (PhD at MS3)

Goes well with : EE4C05, EE4016, EE4510

Description : The aim is to design antenna elements with tilted beams and distribute them 
optimally across an array, thus creating an artificially-curved antenna. The scanning and 
polarization isolation performance are to be maximized. You will perform both analytical 
studies and simulations. 

Topic #1 : Artificially-curved array antennas with 
wide-angle scanning and dual-polarization

Who is on the table? : Ir. Feza Celik (PhD at MS3) 

mailto:Y.Aslan@tudelft.nl
http://www.yankiaslan.nl/


Supervisor : Dr. Yanki Aslan

Y.Aslan@tudelft.nl, HB.20.060, www.yankiaslan.nl
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Goes well with : EE4016, EE4C12, EE4C13

Description : The aim is to deal with the non-linearities and variations in the IC 
responses for accurate beamforming (in terms of beam pointing angles, side lobe 
levels, nulls). You will collect data in the lab and develop calibration algorithms for a 
practical 26 GHz array under test. You will also study calibration during operation. 

Topic #3 : ML-assisted over-the-air array calibration for accurate beamforming 

Who is on the table? : Ir. Mate Ivanyi (PhD at MS3), Dr. Marco Spirito (co-supervisor,
ELCA)

ACTIVE PHASED ARRAY SYSTEMS #2

Goes well with : EE4016, EE4C13, EE4396

Description : The aim is to develop an aircraft-to-satellite constellation link simulator to 
analyze the error rate performance in communication. You will make use of the Satellite 
Communication Toolbox in Matlab, and enhance it by utilizing modern multiple beam 
forming techniques. In this project, you will have a chance to interact with and report your 
results to ViaSat, a leading company in SATCOM.

Topic #4 : Aircraft-to-satellite communication link-level simulation 
with multiple beam forming

Who is on the table? : Ir. Nick Cancrinus (PhD at MS3)

mailto:Y.Aslan@tudelft.nl
http://www.yankiaslan.nl/


Supervisor : Dr. Yanki Aslan

Y.Aslan@tudelft.nl, HB.20.060, www.yankiaslan.nl

Goes well with : EE4016, EE4396, ET4169, EE5020

Description : The aim is to investigate the use of communication 
links for opportunistic sensing, and optimize the time-frequency-
power resources allocated to or shared by sensing tasks and 
communication. You will develop a system model including the 
communication waveforms and beamforming, and propose an 
algorithm for optimal resource management under a given 
target scenario and user distribution.

Topic #6 : Resource management in joint communication and sensing
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Who is on the table? : Ir. Ben Xu (PhD at MS3), Dr. Remco Litjens (co-supervisor, TNO)

ACTIVE PHASED ARRAY SYSTEMS #3

Who is on the table? Ir. Changxu Zhao (PhD at MS3), Dr. Francesco Fioranelli 
Goes well with : ET4169, ET4173, EE4775, EE5020, EE4016

Description : There is only limited literature in the investigation of the 
advantages of polarimetry in automotive radar, but some initial results 
are encouraging, such as those here for the classification of pedestrians 
and bicyclists. The aim of this project is to make a step forward in this 
area by using a combination of advanced polarimetric capabilities for 
calibration and novel processing of automotive radar data.  
 

Topic #5:  Polarimetry for enhanced classification in automotive radar

mailto:Y.Aslan@tudelft.nl
http://www.yankiaslan.nl/
https://ieeexplore-ieee-org.tudelft.idm.oclc.org/document/10835756
https://ieeexplore-ieee-org.tudelft.idm.oclc.org/document/10734882


RADAR FOR SITUATIONAL AWARENESS #1
Supervisor : Dr. Francesco Fioranelli, 
Dr Sen Yuan
s.yuan-3@tudelft.nl, HB.20.260
F.Fioranelli@tudelft.nl, HB.20.280

Goes well with : ET4169, EE4173, EE4775, EE5020
Description: This research aims to develop a novel imaging algorithm specifically designed for non-stationary 
targets within the context of automotive Synthetic Aperture Radar (SAR). While conventional MIMO radar relies on 
physical and virtual arrays, SAR leverages the platform's motion to synthesize a much larger aperture, offering 
significantly higher cross-range resolution. The primary bottleneck lies in the phase errors introduced by the 
independent motion of road users (e.g., pedestrians, cyclists, and vehicles). This motion disturbs the coherent 
geometric relationship required for SAR, leading to severe image defocusing and ghosting artifacts. You will focus 
on high-fidelity motion parameter estimation and phase error compensation techniques. This project offers an 
excellent opportunity for students with a strong background in signal processing and radar imaging principles to 
bridge the gap between static SAR theory and highly dynamic autonomous driving scenarios.

Topic #1: Motion-Compensated Automotive SAR 
Imaging for Dynamic Urban Environments

Goes well with : ET4169, EE4173, EE4775

Description: The objective is to design a cutting-edge classification framework for Human Activity Recognition by 
moving from traditional frame-based processing to event-based paradigms. Modern radar applications demand low-
latency edge computing, low power consumption, and reduced data redundancy. Event-based processing addresses 
these by only processing "changes" in the radar returns, mimicking biological visual systems. The core scientific task is 
to bridge the gap between sparse event-driven data and robust feature extraction. You will explore various signal 
representations (e.g., event-detection maps, time/frequency-coded pulses) and integrate them with advanced neural 
architectures, such as Spiking Neural Networks (SNNs), Generative Adversarial Networks (GANs), or Variational 
Autoencoders (VAEs). This project is ideal for those interested in bio-inspired radar systems and the next generation 
of ecological, low-power sensing.

Topic #2 : Event-based Signal Processing for Efficient Human 
Activity Recognition (HAR) 
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mailto:s.yuan-3@tudelft.nl
mailto:s.yuan-3@tudelft.nl
mailto:s.yuan-3@tudelft.nl
mailto:F.Fioranelli@tudelft.nl


Supervisor : Dr. Francesco Fioranelli

F.Fioranelli@tudelft.nl, HB.20.280

Who is on the table? Dr Sen Yuan (s.yuan-3@tudelft.nl)

Goes well with : ET4169, EE4173, EE4775, EE5020
Description: The aim is to develop neural network architectures to generate valuable synthetic data of 
automotive scenes. Valuable means that the synthetic data are similar/comparable to the experimental data, and 
they are also useful, improving a performance metric (e.g., average precision or F1-score in a classification setting). 
The exciting (and challenging) part of this project is that you will have many degrees of freedom in choosing the 
radar data domain (part of the radar tensor or point clouds?) and the network architecture (generative adversarial 
networks, variational autoencoders, diffusion models?). It’s a good opportunity for an approach that is really 
anchored on radar data and principles, rather than more abstract computer science. 

Topic #3: Generation of synthetic data for automotive scenes

6

RADAR FOR SITUATIONAL AWARENESS #2

Who is on the table? Dr Tworit Dash (t.k.dash@tudelft.nl), Ir Apostolos 
Pappas (a.pappas-2@tudelft.nl)
Goes well with : ET4169, ET4173, EE4675, EE5020
Description : In this project you are asked to contribute to our broader research 
area in weather radar. There are two main directions that you can choose: 1) 
improvement of our weather radar simulator by adding more capabilities and 
related processing; 2) implementation of resource management approaches (e.g., 
based on Reinforcement Learning) to adapt a network of radars. The general aim of 
this project is to make a step forward towards a network of cooperating and 
adaptive weather radars.

Topic #4 : Adaptive techniques for weather radar networks

mailto:F.Fioranelli@tudelft.nl
mailto:F.Fioranelli@tudelft.nl
mailto:s.yuan-3@tudelft.nl
mailto:s.yuan-3@tudelft.nl
mailto:s.yuan-3@tudelft.nl
mailto:t.k.dash@tudelft.nl
mailto:a.pappas-2@tudelft.nl
mailto:a.pappas-2@tudelft.nl
mailto:a.pappas-2@tudelft.nl


Supervisor : Dr. Francesco Fioranelli

F.Fioranelli@tudelft.nl, HB.20.280

Who is on the table? Ir Viktor Vozar (v.vozar@tudelft.nl)
Goes well with : ET4169, EE4173, EE4775, EE5020
Description: The aim is to develop a processing pipeline for drone and drone swarm classification which will use 
together steps of signal processing and AI tools. This project can be quite broad and accommodate different 
“flavors” depending on students’ preferences and interests, e.g. expansion of the current scenario simulator with 
multiple radars and drones to accommodate for more realistic EM signatures of drones, their kinematics, and radar 
scenes; development of neural network architectures to process radar data (both from the simulator and 
experimental) to perform classification of single drones vs swarms, drone models, and their tracking; development 
of optimization and resource management techniques to i) balance surveillance, tracking, classification tasks across 
multiple radars in a network and ii) adapt radar parameters based on evolution of scenarios (using for example rule-
based approaches or approaches based on reinforcement learning).

Topic #5: Adaptive radar techniques for drone classification
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RADAR FOR SITUATIONAL AWARENESS #3

Who is on the table? Ir Kuitong Lou (k.lou@tudelft.nl)
Goes well with : ET4169, EE4173, EE4775, EE5020

Description: The aim is to develop a processing pipeline for human activity classification using radar data, which 
will combine more conventional radar signal processing and tools from AI (e.g., neural network architectures for 
activity classification or for anomaly detection). Specifically, in this project we want to look at: 1) the possibility to 
combine data from multiple, distributed radar nodes that can be operated with different parameters or have different 
configurations, and 2) monitoring of complex and continuous sequences of human activities which include macro 
body motion (e.g., walking), motion on localized position (e.g., doing something with your hands while standing, 
picking up something while sitting), and extraction of vital signs (for which static body position is preferable). Your 
radar processing pipeline needs to handle this variety of actions.

Topic #6: Continuous human activity classification with distributed radar

mailto:F.Fioranelli@tudelft.nl
mailto:F.Fioranelli@tudelft.nl
mailto:v.vozar@tudelft.nl
mailto:k.lou@tudelft.nl


Supervisor : Dr. Francesco Fioranelli

F.Fioranelli@tudelft.nl, HB.20.280

Who is on the table? Ir Mareike Wendelmuth 
(m.wendelmuth@tudelft.nl )

Goes well with : ET4169, EE4173, EE4775, EE5020

Description: The aim is to develop a processing pipeline for respiration rate estimation using 
multiple distributed radar. These radars can be located in different positions and have different 
parameters or configurations. Depending on the position of the human, the best performing radar 
should be chosen, or their results should be combined. 
Within this project you will work on the combination of more conventional radar signal processing 
and tools from AI (e.g., neural network architectures for posture classification) to allow a fast 
respiration rate estimation. 
This can be extended to continuous estimation throughout movement and location changes. A 
dataset for this project is available, or a new one can be collected within the project.

Topic #7: Continuous respiration rate estimation with 
distributed radar
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RADAR FOR SITUATIONAL AWARENESS #4

mailto:F.Fioranelli@tudelft.nl
mailto:F.Fioranelli@tudelft.nl
mailto:m.wendelmuth@tudelft.nl


Description: Polarimetric Phased Array Weather Radars (PPARs) provide flexible beam 
steering capabilities, but operational systems still rely on fixed beam patterns and uniform 
scanning, limiting adaptability to rapidly evolving weather and heterogeneous clutter. This 
thesis studies adaptive beamforming for PPARs, aiming to dynamically adjust beam 
patterns and spatial sampling based on local meteorological and interference conditions. 
Physically constrained adaptive beamforming, guided by real-time estimates of Doppler 
spectral properties, reflectivity gradients, and clutter statistics, is investigated to improve the 
quality of retrieved radar observables without increasing scan time or hardware complexity.
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Supervisors:  Dr. Tworit Dash [T.K.Dash@tudelft.nl], HB.20.260

Prof. DSc. Alexander Yarovoy [A.Yarovoy@tudelft.nl],  HB.20.080

Who is on the table? Dr. Tworit Dash, Prof. DSc. Alexander Yarovoy

Goes well with : ET4169, ET4173, EE4565, EE4016

Topic #1: Adaptive Beamforming Strategies for Dual-Pol Phased Array Weather Radar

PHASED ARRAY WEATHER RADARS #1

Kurdzo, J. M., Nai, F., Torres, S. M., and Curtis, C., “Adaptive Beamforming for 
Weather Observations using a Constrained Capon Method and the 
Advanced Technology Demonstrator at NSSL”, vol. 104, Art. no. 431586, 2024.

mailto:F.Fioranelli@tudelft.nl
mailto:F.Fioranelli@tudelft.nl


Description: This master’s thesis investigates how mutual coupling in Polarimetric Phased 
Array Weather Radar (PPAR) antennas affects biases in polarimetric and Doppler retrievals. 
Using antenna measurement data from a PPAR system, the work analyzes how coupling 
varies with scan angle, polarization, and frequency, and how these effects propagate into 
systematic errors in retrieved meteorological variables. By combining measured antenna 
responses with electromagnetic modeling and end-to-end radar simulations, the study aims 
to quantify coupling-induced biases and provide guidance for calibration strategies and 
antenna-aware retrieval methods in future PPAR systems.
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Supervisors:  Dr. Tworit Dash [T.K.Dash@tudelft.nl], HB.20.260

Prof. DSc. Alexander Yarovoy [A.Yarovoy@tudelft.nl],  HB.20.080

Who is on the table? Dr. Tworit Dash, Prof. DSc. Alexander Yarovoy

Goes well with : ET4169, ET4173, EE4565, EE4016

Topic #2: Quantifying Mutual Coupling and its Effects on the Biases in the PPAR Retrievals

PHASED ARRAY WEATHER RADARS #2

C. Fulton et al., ”Mutual Coupling-Based Calibration for the Horus Digital 
Phased Array Radar,” 2022 IEEE International Symposium on Phased Array 
Systems & Technology (PAST), Waltham, MA, USA, 2022, pp. 1-6, doi: 
10.1109/PAST49659.2022.9974962.

mailto:F.Fioranelli@tudelft.nl
mailto:F.Fioranelli@tudelft.nl


Description: This thesis addresses calibration challenges in dual-polarization Phased Array 
Weather Radar (PPAR) systems, where time-varying channel errors and polarization 
imbalances can introduce biases in key polarimetric observables. The work develops a 
calibration framework tailored to dual-polarization PPARs, combining physics-based system 
modeling with adaptive self-calibration techniques that exploit the statistical properties of 
atmospheric echoes. The impact of residual calibration errors on variables such as 
reflectivity, differential reflectivity, co-polar correlation, and differential phase is quantified 
using PPAR measurements and validated through comparison with established operational 
radar products.
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Supervisors:  Dr. Tworit Dash [T.K.Dash@tudelft.nl], HB.20.260

Prof. DSc. Alexander Yarovoy [A.Yarovoy@tudelft.nl],  HB.20.080

Who is on the table? Dr. Tworit Dash, Prof. DSc. Alexander Yarovoy

Goes well with : ET4169, ET4173, EE4565, EE4016

Topic #3: Polarimetric Calibration of PPAR for Weather Targets

PHASED ARRAY WEATHER RADARS #3

Nai Feng Igor Ivic and Sebastian Torres. An Update on Polarimetric 
Calibration for the Advanced Technology Demonstrator. Tech. rep. Norman 
OK: National Severe Storms Laboratory, 2023.

mailto:F.Fioranelli@tudelft.nl
mailto:F.Fioranelli@tudelft.nl


RADAR RESOURCE MANAGEMENT
Supervisors : Stefano Chioccarello, 
Dr Hans Driessen
s.chioccarello@tudelft.nl, HB.20.310
J.N.driessen@tudelft.nl, HB.20.280

Goes well with : EE5020, ET4386, EE4540

Description:
Modern radars must perform multiple functions (surveillance, detection, tracking) while 
operating under strict constraints on time and sensing resources. Radar Resource 
Management (RRM) addresses this challenge by dynamically allocating radar resources to 
maximize overall system performance. This research focuses on RRM for multi-target 
tracking applications.
Building on previous work, the goal is to explore challenging tracking scenarios with 
manoeuvring targets, allowing the study of how target dynamics influence the resource 
allocation. Moreover, we also want to consider the extension of the RRM framework to 
networks of radars, where multiple sensors cooperate to track multiple targets. This 
includes deriving mathematical formulations for the objective function in a network of 
sensors and evaluate its impact on optimal resource allocation.
The project combines probabilistic modelling with stochastic optimization and control, and 
numerical simulations are used to validate the approach. The project is well-suited for 
students with interests in modern applications for radar systems, signal processing, control 
and estimation theory.

Topic: Radar Resource Management for Tracking 
Multiple Maneuvering Targets in Radar Networks
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mailto:s.yuan-3@tudelft.nl
mailto:n.j.driessen@tudelft.nl


RADAR Data Processing Algorithms
Supervisor:  Hans Driessen
J.N.driessen@tudelft.nl, HB.20.280

Goes well with : EE5020, ET4386, EE4540, ET 4175

Description:
Modern radars have to detect, track and classify multiple objects in challenging 
environments. In addition, multi-function radars are capable of balancing their resources 
over and optimize their waveforms for multiple tasks. 

Several opportunities in this area exist, such as: 
- Video-based tracking and shape estimation of extended objects
- Tracking closely-spaced objects

A specific problem topic will be defined adapted to the interest and background of each 
individual student. 

All projects will involve stochastic modelling and the application of statistically sound 
techniques for deriving algorithmic solutions. Numerical simulations are used to validate the 
approach. Real measurements can be used when available and applicable. These projects 
are well-suited for students with interests in modern applications of radar systems, signal 
processing, control and estimation theory.

Topic: Topics in Radar Signal Processing and 
Management
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mailto:n.j.driessen@tudelft.nl


DESIGN AND ANALYSIS OF SUPERCONDUCTING 

QUANTUM COMPONENTSSupervisor : Dr. Nadia Haider

S.N.Haider@tudelft.nl, HB.20.290

PRIOR KNOWLEDGE / INTEREST: Knowledge of electromagnetics, microwave theory, and experience with 

commercial EM solvers (e.g., CST, HFSS) is advantageous but not a requirement.

For more information check: Haider Group - QuTech

OBJECTIVE: The goal of this project is to enhance the performance of superconducting qubits or 

superconducting quantum sensors, essential for quantum processors and quantum sensing. The primary 

focus will be on the design, circuit analysis, and microwave/electromagnetic analysis of SQUID 

(Superconducting Quantum Interference Device)-based components. Depending on your interest, you will 

either design high-quality-factor qubit geometries, develop SQUID-based components for ultra-sensitive 

microwave detection, or contribute to the next generation of modular chips in our cleanrooms.
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“Quantum technology is a rapidly advancing 

field, with TU Delft at the forefront of research 

and development. QuTech, a multidisciplinary 

institute, focuses on smart solutions for various 

quantum platforms. Once confined to atoms, 

quantum behavior is now demonstrated in 

solid-state systems at larger scales. Quantum 

processors with hundreds of qubits and ultra-

sensitive quantum sensors are already 

emerging in commercial applications.”   

mailto:Y.Aslan@tudelft.nl
mailto:Y.Aslan@tudelft.nl
https://qutech.nl/lab/haider-group/
https://qutech.nl/lab/haider-group/
https://qutech.nl/lab/haider-group/


MSc Assignments at the
Department of Radar Technology



TNO is an independent research organisation whose expertise and research make an important 
contribution to the competitiveness of companies and organisations, to the economy and to the 
quality of society as a whole. We develop knowledge not for its own sake but for practical application. 
To create new products that make life more pleasant and valuable and help companies innovate. To 
find creative answers to the questions posed by society.

For these assignments you will be working with TNO’s Department of Radar Technology. We are a 
passionate, creative group of professionals dedicated to the specification, development and 
evaluation of innovative, high-performance MMICs, miniaturised and integrated RF subsystems, 
antennas and front-ends, and processing algorithms. The department is at the heart of novel, game-
changing radar system and signal processing concepts for the military, space and civil domains.

The Department of Radar Technology offers a wide variety of internship assignments, ranging from 
MMIC and RF-IC design and evaluation, RF front-end development and antenna design and evaluation 
to novel signal processing algorithms and quantum technology. This leaflet presents only a selection 
of internship assignments and topics, please visit our website, www.tno.nl/en/1, for the latest 
overview of assignments. We are always open for new ideas, so if you do not find a topic of your 
liking, contact us and we will explore the possibilities!

Contact

Jacco de Wit (jacco.dewit@tno.nl)

Please note that for internships at TNO's Department of Radar Technology, it is required that the Netherlands General 
Intelligence and Security Service issues a security clearance. This process may take about eight weeks. If you have been 
abroad for more than six consecutive months or if you do not have the Dutch nationality, it may take longer. 

DEPARTMENT OF RADAR TECHNOLOGY

MSc Assignments at TNO

1  Careers  Vacancies  
keyword “internship radar technology”



Machine Learning for Advanced Radar Signal Processing

Motivation

Image classifiers designed for RGB images differ significantly and are not tailored for 
multichannel radar data, which features complex, often non-dependent channel relationships. 
Challenges such as limited labeled data, lack of rotation invariance, and unique 
interdependencies require specialized machine learning approaches to unlock their full 
potential.

Goal

This project aims to apply machine learning techniques to radar signal processing by:

• building models for multichannel radar data (e.g., MIMO) and various data domains like 
micro-Doppler spectrograms, range-Doppler, and range-angle maps, while handling the 
complex relationships between these channels and domains;

• improving models to handle rotation and geometric transformations better;

• using image processing classifier to enhance radar classification performance;

• addressing the challenge of limited radar data with data augmentation and synthetic 
generation. Buzzword: Generative AI;

• ensuring models are easy to understand, reliable, and ready for real-world use. 

Approach

The research can start by converting radar signals into formats like range-Doppler maps or 
spectrograms that are suitable for machine learning. Common image processing methods will 
be explored to handle the unique characteristics of radar data. Data scarcity will be tackled 
using advanced augmentation techniques and synthetic data generation. The models will be 
tested not just for accuracy but also for reliability and how well they work in radar-specific 
tasks. 

Contact

Ronny Guendel (ronny.guendel@tno.nl) 

DEPARTMENT OF RADAR TECHNOLOGY

MSc Assignments at TNO

Adapted from MATLAB Webinar: Applying Artificial Intelligence for radar applications



Space-based Transmitters of Opportunity for Passive Radar

Motivation

Passive radars are defined as a technology that uses signals transmitted by other 
(communication) systems (i.e., transmitters of opportunity), to perform target detection and 
parameter estimation (e.g., position, velocity, size, etc.) of the target. So far, the main research 
effort has been focused on the development of passive radar systems based on the use of 
ground-based illuminators of opportunity (IoO), exploiting typically FM radio, digital radio 
(DAB), digital television (DVB-T), Wi-Fi, and mobile communication networks such as GSM. 

Recently, several companies have deployed broadband low-orbit communication satellite 
constellations (e.g., Starlink, OneWeb, Kuiper Systems) to provide global internet access 
services. These emerging constellations are considered promising candidates as space-based 
transmitters of opportunity for passive radar applications due to their advantageous 
characteristics in terms of global coverage, high bandwidth, high transmitted power, and 
network density and robustness. However, one of the main challenges posed for the 
opportunistic use of their transmissions is the lack of publicly available information about their 
signal properties.

Goal

To analyse the possibility and evaluate the performance of passive radar systems using space-
based transmitters of opportunity.

Approach

• Characterise the signals (based on open literature) of several space-based transmitters of 
opportunity and analyse these in terms of performances for passive radar applications (e.g., 
detection range, coverage, resolution etc.).

• Evaluate the selected transmitters of opportunity by processing real-world measurements 
(in collaboration with the Department of Radar Technology) in terms of performances for 
passive radar applications (e.g., ambiguity function).

• Apply advanced signal processing techniques to the real-world measurements to improve 
the detection performance (e.g., direct-path interference rejection methods, mitigation of 
range/Doppler migration, digital reconstruction of the reference signal etc.).

Contact

Detmer Bosma (detmer.bosma@tno.nl)

DEPARTMENT OF RADAR TECHNOLOGY

MSc Assignments at TNO



CDMA waveforms for MIMO Radar

Motivation

The elements of an antenna array show mutual coupling between different channels. Typically, 
the dominant coupling encountered mostly for neighbouring channels is between -10 dB and -
20 dB. This level needs to be taken into account in the dedicated array-signal processing, but it 
is not a serious problem for a phased array Radar to function properly. However, when 
considering a multiple-input multiple-output (MIMO) array Radar, in which different channels 
transmit different waveforms, the situation is quite different. Proper functioning depends on 
the level of interference rejection of the employed waveforms in combination with the antenna 
mutual coupling. Unfortunately, classical MIMO waveforms used in communication are not 
known for their high interference-rejection level, except for Doppler-division multiple access 
(DDMA). For code-division multiple access (CDMA), the picture is very different for the well-
known pseudo-random phase codes and LFM codes, which result in only a few dB of 
interference rejection. In combination with the reduced interference thanks to the antenna 
mutual coupling, this level is still far too low for Radar applications. However, it is said that with 
dedicated optimization theoretical levels of a few tens of dB can be reached. Moreover, 
relatively favorable mutual coupling between channels may add another 10+ of dB.  This level 
may bring MIMO Radar with CDMA within reach for various applications.

Goal

The goal is to synthesize CDMA waveforms for MIMO Radar, which have favorable interference 
rejection level in antenna arrays with regular antenna-element spacing (a spacing also suitable 
for phased-array applications) and realistic mutual-coupling levels.

Approach

A mean to synthesize CDMA waveforms in an antenna array is provided by the (generalized) 
multi-tone sinusoidal frequency modulation (MTSFM) signal model. This signal model can be 
used to represent signals by (finite) Fourier expansions of their phase. The coefficients of these 
expansions can be optimized given an appropriate objective and constraints on for instance 
RMS bandwidth. Thus, the idea is to use these expansions to synthesize CDMA waveforms on 
an antenna array with low interference rejection levels.

Contact

Dave Bekers (dave.bekers@tno.nl)
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Exploiting PARSAX Transmissions for a Bistatic Radar Concept

Motivation

Passive bistatic radars are defined as a technology that uses signals transmitted by other 
systems (i.e., transmitters of opportunity), to perform target detection and parameter 
estimation (e.g., position, velocity, size, etc.) of the target. Often the development of passive 
radar systems is based on the use of ground-based illuminators of opportunity (IoO), exploiting 
communication signals, such as FM radio, digital radio (DAB), or digital television (DVB-T). The 
main challenge of such systems is that these signals are not designed for radar applications. 
Therefore, exploiting the transmission of other radar systems in a bistatic configuration can be 
beneficial in terms of the bistatic radar performance. 

Goal

To implement a signal processing pipeline for bistatic target detection and tracking by a 
ground-based receiver, exploiting the transmissions of the PARSAX radar, and evaluate the 
detection and tracking performance by performing measurements.

Approach

• Implement a simulation framework for bistatic target detection and tracking and analyse 
scenarios for performing bistatic radar measurements with PARSAX as transmitter of 
opportunity.

• Perform bistatic radar measurements with PARSAX and a receiver (in collaboration with the 
Department of Radar Technology) and evaluate the detection and tracking performance of 
certain targets (e.g., cars on a highway, aircraft from The Hague-Rotterdam Airport, ships, 
etc.).

• Compare bistatic detection and tracking performance with monostatic detection 
performance (i.e., using only PARSAX for transmission and receiving)

• Fuse bistatic and monostatic measurements to improve the detection and tracking 
performance

Throughout the project, you can fall back on the expertise in the Department of Radar 
Technology.

Contact

Detmer Bosma (detmer.bosma@tno.nl)
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Advanced Signal Processing for Radar

Motivation

Can we separate detection of cars and airplanes of The Hague-Rotterdam Airport from clutter 
as oscillating trees due to wind using advanced processing?

These advanced signal processing techniques for radar systems became an option since 
extremely high computational power processing platforms recently entered the market.

Figure 1. Detecting slow targets in a clutter scene. Could you separate it?

Goal

The goal of this project is to evaluate novel processing algorithms with data measured using the 
PARSAX radar system. This assignment is carried out in collaboration with the Department of 
Radar Technology and the TU Delft.

Approach

You should combine advanced clutter mitigation techniques with sparse optimization for target 
detection. In particular, clutter mitigation techniques such as convolutional dictionary learning, 
kernel design with hyperparameter tuning, etc. could be combined with Bayesian or greedy 
sparse recovery algorithms. Then, the processing pipeline should be evaluated by doing 
measurements on the PARSAX radar system.

You will have the freedom to shape your thesis project and to select and develop the 
processing pipeline of interest. you can fall back on the expertise and cutting-edge techniques 
recently developed by the Department of Radar Technology.

Contact

Pepijn Cox (pepijn.cox@tno.nl)
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Beamforming for Joint Communication and Sensing in 6G

Motivation

Currently, wireless communication and radar sensing are two separate worlds. This is partly 
because radar mainly works at relatively high frequencies due to the required resolution (e.g., 
automotive radar) and wireless communication currently only takes place below 6 GHz. 
considering the 6G technology, the differences in frequency will disappear, meaning that the 
configurable software antennas used for communication can also be used for radar sensing. 
Joint communication and sensing (JCAS) offers several new functions that are very important in 
6G, both for the use of the network itself (such as precise location of the users) as well as for 
various applications, such as road safety and smart industries 4.0.

Goal

Through this project you will develop the critical components and concepts for a new 
generation of base stations that will support JCAS. You will especially focus on dual-scenario 
beamforming concepts. You are going to investigate what the limits are if we want to do both 
sensing and communication in future 6G networks. You will further investigate beamforming 
techniques that support JCAS. As a starting point we will use OFDM and OTFS modulation 
concepts and investigate other possibilities.

Approach

• Conduct a literature review on the JCAS beamforming concepts in mobile networks.

• Define and model a finite set of challenging scenarios, as a basis for the concept 
development and assessment.

• Develop and assess one or more beamforming concepts for JCAS in 6G networks.

Contact

Samiur Rahman (samiur.rahman@tno.nl)
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