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Note
If you did not find in this booklet a topic that is 
interesting for you, visit any faculty member of 

the MS3 group for your interests discussion.

We have much more ideas to research!
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© THALES NEDERLAND B.V. AND/OR ITS SUPPLIERS. THIS INFORMATION CARRIER CONTAINS PROPRIETARY

INFORMATION WHICH SHALL NOT BE USED, REPRODUCED OR DISCLOSED TO THIRD PARTIES WITHOUT

PRIOR WRITTEN AUTHORIZATION BY THALES NEDERLAND B.V. AND/OR ITS SUPPLIERS, AS APPLICABLE.
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To apply for an internship, please contact:

denis.riedijk@nl.thalesgroup.com

Thales Nederland is active in the Defense and Security sectors and is, with more than 2000 employees, a top

provider of high-tech jobs. Product innovation and swift anticipation of the newest technological possibilities are the

mainsprings of our business. Examples are radar, communication and command & control systems for naval ships and

communication, security and payment systems for trade and industry.

Thales Nederland is part of the Thales Group, which has a workforce of over 68.000 in more than 50 countries making

it one of Europe’s largest electronics companies.

Thales Delft is a small R&D site of Thales Nederland close to TU Delft, and it offers a limited number of MSc thesis

projects focusing on radar. The thesis assignments are formulated in detail together with the student and his/her

university mentors.

THEME 1: Radar Classification using Machine/Deep Learning

Deep Learning (DL) is a type of machine learning that attempts to model

high level abstractions in data. In recent years, remarkable achievements

using DL architectures have been demonstrated in the fields of speech and

image recognition, text analysis, autonomous driving, etc.

DL techniques applied to radar data unlocks new and exciting capabilities,

for instance in the field of target classification.

THEME 2: Distributed Radar Networks 

Distributed radar networks, and particularly multi-static radar, entails 

observing an object or volume from different aspect angles 

simultaneously by using multiple transmitters and/or receivers 

positioned at different locations. The additional information that is 

obtained by this setup could be used for e.g. classification purposes.

THEME 3: Information-based Processing in Radar: Compressive Sensing

and Information Geometry

Compressive Sensing (CS) is a recent paradigm in sensing that works with a

reduced number of measurements for a comparable sensing result. Promising

benefits of CS in radar are improved resolution and multi-target analysis.

Information geometry (IG) is an approach to stochastic signal processing

whose structures can be treated as structures in differential geometry. Most

promising benefits of IG have been found in resolution analysis and parameter

estimation.

Both fields stress the importance of information in measurements as the useful

dimension of signals is much smaller than the data dimensionality. Accordingly,

conventional processing can be improved if the demands of data acquisition

and signal processing are optimized to the information content. Tools from CS

and IG can also be used in development of deep learning in order to improve

the stochastic analysis of the underlying processing layers.

www.thales-nederland.nl



Surveillance radar plays an important role in Air Traffic Control. The primary task for an Air Traffic

Control surveillance radar is detection and tracking of aircraft. However, radar measurements can

also be exploited to extract specific characteristics of an aircraft, for instance, the its length or

wingspan. These characteristics can be used for classification, which provides additional

information about the aircraft class or type. In some situations, the availability of extra information

about the aircraft class may improve air traffic safety.

Contact: Jacco de Wit

TNO Department of Radar Technology

Radar Features for Classification of Aircraft

Different aircraft classes, such as light aircraft,

business jets or airliners exhibit different

characteristics (e.g., they differ in size, engine

type and materials). If such distinguishing

characteristics or features can be extracted

from radar measurements, they can be used for

classification. What features are of interest

depends on the classes to be separated.

In general there is an interaction between the

radar waveform and the features that can be

extracted. A specific radar frequency or a

specific polarisation, for instance, may enhance

object features suitable for classification.

The aim of the project is the exploration of

suitable features that can be exploited to

classify aircraft based on radar measurements.

The MS3 group has a distributed radar system

that can be used for measurements of aircraft.

Research topics of interest are:

• multifrequency measurements and features

• polarimetric measurements and features

• range-Doppler measurements and features

• multistatic measurements

Aim of the Project



Radar is a strong asset for surveillance tasks; it is capable of quickly scanning large areas. However,

in a crowded urban environment radar is hampered by buildings, fences, cars and other obstacles.

Due to these obstacles a large part of the surveillance area may be shielded from the radar and

many multipath reflections may occur. Multipath reflections are reflections from (moving) objects

of interest, that do not arrive at the radar directly, but via additional reflection off obstacles in the

surroundings. Without precautions, multipath reflections may be interpreted as additional objects.

Contact: Jacco de Wit

TNO Department of Radar Technology

Radar Techniques for Persistent Urban Surveillance 

Multipath reflections do contain information

that can be exploited to better locate moving

objects or map the surroundings. Depending on

the environment, multipath reflections may

even enable detection of objects in areas

where there is no direct radar line-of-sight!

In a dynamic environment where goods are

delivered and moved, vehicles drive and park,

or fences are opened and closed, multipath

conditions are variable. In this case, multipath

reflections carry information about changes in

the environment, which may be exploited to

maintain a current map of the surroundings.

Exploitation of multipath reflections is an

emerging topic in urban radar surveillance. The

project aims at developing new techniques for

radar surveillance in an urban environment,

based on actual radar measurements.

Possible research topics include:

• multistatic tracking

• “around the corner” radar

• multipath exploitation

• forward scatter radar

Aim of the Project



MASTER MARKET 
EVENT MS3 GROUP

OBJECT HEIGHT ESTIMATION USING RADAR 

Estimation of echoes height is an important feature for

collision avoidance system, world mapping and classification

applications. Estimation of the height of the object is

important to correctly represents the surrounding

environment. Different techniques need to be investigated and

a proper DSP algorithm needs to be created.

PoC: francesco.laghezza@nxp.com

SUPER RESOLUTION VIA COMPRESSIVE SENSING

To increase the angle resolution keeping constant the number

of element in the array, digital signal processing techniques

can be successfully used with different tradeoffs. Compressive

Sensing (CS) techniques can increase the resolution as the

same number of antenna elements can be distributed over a

larger aperture. Tradeoffs like sensitivity losses or complexity

can also be individuated using this technique.

PoC: venkat.roy@nxp.com

POLAR CODES FOR ULTRA RELIABLE AND ULTRA LOW 
LATENCY COMMUNICATIONS

Machine-to-machine communication is becoming an essential

part of new wireless communication systems due to new

emerging applications such as automated driving, Internet-of-

Things (IoT). One of the most important breakthroughs in ECC

in recent years, is the invention of polar codes included in 5G

cellular standard , however, its performance is highly

dependent on decoding method.

PoC: nur.engin@nxp.com

GENERAL INFORMATION

Company Profile:

NXP Semiconductors enables secure

connections and infrastructure for a smarter

world, advancing solutions that make lives

easier, better and safer.

WORLDWIDE #1 position in Identification

Industry and Automotive.

Team Profile:

The Radar Software & Algorithm team is one

of the system R&D teams within Business

Line Infotainment and Driver Assistance

(IDA), which is part of the Business Unit

Automotive. The team is responsible for

innovative algorithms and future radar system

design.

We are looking for:

•Currently studying towards your Master in the

Electrical engineering department

•Good knowledge of signal and antenna array

processing

• Interest in radar sensors and automotive

•Willing to work on real sensor and perform

experiments

•Good knowledge of Matlab

•At least 9 months availability

•Language: Good command of English.

We offer:

•Dynamic organization and informal working

environment with a can-do attitude

•Challenging high tech company building the

next generation of innovative technologies for

the automotive market.

•Monthly allowance

•Relocation allowance (if eligible).

MULTIDIMENSIONAL SPECTRAL PEAK ESTIMATION 
FOR AUTOMOTIVE RADAR (from august 2018)

Radar sensor play a key role in the realization of autonomous

vehicles. At NXP, signal processing software for these radars

has been developed assuming one dimensional linear

antenna arrays. However, radars are nowadays required to

estimate the direction of arrival in two dimensions

(horizontal/vertical).It has been found that simple 2D

interpolation techniques don’t offer the required accuracy in

the direction estimation process. build upon an existing

solution and propose and investigate several multi-

dimensional peak estimation algorithms that can improve the

accuracy of the current algorithms.

PoC: feike.jansen@nxp.com

PROJECT LIST:



0 COMPANY CONFIDENTIAL

Project 1: Object height estimation using radar 

Background/Context:

Estimation of echoes height is an important feature for

collision avoidance system, world mapping and

classification applications.

Estimation of the height of the object is important to

correctly represents the surrounding environment.

The main goals of this project will be to:

· Gain a solid understanding of automotive radar systems and digital signal processing.

· Investigate the characteristics of the multipath based height estimation techniques for short and long arrange

applications.

· Understand how/when the different techniques can be used and benchmark the performances.

· Desing the proper algorithm and test it with simulated data and real test.

Supervisor: Francesco Laghezza (email – francesco.laghezza@nxp.com)

Requested Profile: Background on radar system and signal processing. Matlab simulation experience is 

required. 

1 COMPANY CONFIDENTIAL

Project 2: Super resolution via compressive sensing

Background/Context:

To increase the angle resolution keeping constant the number of

element in the array, digital signal processing techniques can be

successfully used with different tradeoffs. Compressive Sensing

(CS) techniques can increase the resolution as the same number

of antenna elements can be distributed over a larger aperture.

Tradeoffs like sensitivity losses or complexity can also be

individuated using this technique.

The main goals of this project will be to:

· Gain a solid understanding of the array processing techniques and CS technique.

· Investigate the characteristics of a sparse array (main beam width, sidelobes, dynamic range, etc.) and

compare them with classical super-resolution algorithm for the direction of arrival estimation.

· Understand under which condition compressive sensing can be preferable to classical techniques.

· Understand how the sparse array configuration can be shaped to meet specific application requirements.

Supervisor: Venkat Roy (email – venkat.roy@nxp.com)

Requested Profile: Background on radar system, antenna and signal processing. Matlab simulation 

experience is required. 



2 COMPANY CONFIDENTIAL

Project 3: Multidimensional spectral peak estimation 

for automotive radar

Background/Context:

Radar sensor play a key role in the realization of autonomous vehicles. At NXP, signal processing software for

these radars has been developed assuming one dimensional linear antenna arrays. With such a (phased) array

a single direction of arrival can be estimated. However, radars are nowadays required to estimate the direction

of arrival in two dimensions (horizontal/vertical). A sensor with a 2D antenna array has been made. It has been

found that simple 2D interpolation techniques don’t offer the required accuracy in the direction estimation

process.

The main goals of this project will be to:

• build upon an existing solution and propose and investigate several multi-dimensional peak estimation

algorithms that can improve the accuracy of the current algorithms

Supervisor: Feike Jansen (email – feike.jansen@nxp.com)

Requested Profile: Background on radar system, antenna and signal processing. Matlab simulation 

experience is required. Starting date From August 2018

3 COMPANY CONFIDENTIAL

Project 4: Polar Codes for ultra reliable and ultra 

low latency communications
Background/Context: Machine-to-machine communication is becoming an

essential part of new wireless communication systems due to new emerging

applications such as automated driving, Internet-of-Things (IoT), and

Industry 4.0 requiring communications of cars/robotics/drones/machines etc.

This new type of communication brings new challenges such as ultra high

reliability and ultra low latency which can only be achieved with high

performance error correction codes (ECC) working efficiently at small packet

sizes. One of the most important breakthroughs in ECC in recent years, is

the invention of polar codes included in 5G cellular standard , however, its

performance is highly dependent on decoding method.

The main goals of this project will be to: This project aims to focus first on comparing the performance of polar

codes with the state of the art error correction codes, e.g., Convolutional codes, Reed-Solomon codes, Turbo

Codes, LDPC codes at different packet sizes and channel conditions with different decoding techniques. The work

involves both theoretical and simulation work. Secondly, new decoding algorithms and architectures for polar

codes need to be investigated considering complexity and cost of the receivers. Requested Profile: Background

on wireless communications and signal processing, and interest in error correction coding and Matlab simulation

experience.

NXP PoC: Nur Engin (nur.engin@nxp.com) & Semih Serbetli (semih.serbetli@nxp.com)



4 COMPANY CONFIDENTIAL

Project 5: Car 2 Car Communication Based on 4G/5G

Creation of an optimized LTE-V2X Radio on NXP Software Defined 

Radio IC

• Scope: 

− Creation of an LTE-V2X DSP code library

− Benchmarking (cycles counts, memory, instruction code)

− Recommendations for LTE-V2X hardware-software architecture for 

current and/or the next generation NXP devices

• Target Platform:

− Advanced SDR Platform from NXP based on Tensilica DSP

• Target Application:

− Advanced algorithms for LTE-V2X release 14, mode 3 and 4

• Skills Required

− C-programming, Matlab, experience with DSP is appreciated

• Duration: 6-9 months

• Location: NXP Eindhoven

• NXP PoC: Artur Burchard (artur..burchard@nxp.com)





    

 MASTER THESIS  
ELECTROMAGNETIC ANALYSIS OF 
SUPERCONDUCTING QUANTUM BITS 

Quantum Technology is a key future emerging technology. QuTech is at the forefront of 
research and development in quantum technology. QuTech is an organization  with 
depth and breadth of multidisciplinary knowledge where the focus is on smart solutions 
to complex issues in quantum information platforms. Fifteen years ago, the quantum 
world was limited to the realm of atoms. Since then, quantum behavior has been 
achieved with solid-state systems at the micro- and millimeter scale. Several solid-state 
systems show promise for the manufacturability of quantum processors with hundreds 
or thousands or more qubits.  

OBJECTIVE 

The purpose of this project is to boost the performance of superconducting quantum bits.  Such 
qubits are vital for superconducting quantum processors. Within this project the focus will be 
on the development and analysis of novel qubit geometries suitable for 2D surface code. This 
requires qubits with large number of connectivity, adequate qubit lifetime, tunable transition 
frequency and specific coupling coefficients to its nearest-neighbors. During the course of this 
project you will work to establish a good understanding of the dielectric loss mechanisms 
limiting the lifetime of qubit, investigate computational approach able to accurately simulate 
these losses and finally design qubit geometries with high quality factor. 

EXPECTED PRIOR KNOWLEDGE / INTEREST 

 Knowledge of electromagnetic fundamentals and 
microwave theory 

 Understanding of circuit analysis 
 Experience with commercial EM solvers (e.g. 

CST, FEKO, HFSS) is an advantage but not a 
must 

START: with immediate effect 

We are looking forward to your application which should be sent 
to nadia.haider@tno.nl ,  A.Yarovoy@tudelft.nl and 
L.DiCarlo@tudelft.nl 
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Future Surveillance Radar 

Background 

Surveillance radar is being used for monitoring large areas: 

• Maritime monitoring;

• Air traffic control;

• Environmental analysis.

Modern radars have and will have increasingly more capabilities, among which: 

• Distributed transmission of (complex) waveforms;

• Huge processing capacity combined with advanced processing concepts.

Topics in Future Surveillance Radar  

Potential topics for a MSc thesis are in the following broad areas: 

• Transmission and waveform concepts for improved detection and classification; 
• Design and analysis of detailed waveforms;

• Spatio-temporal characterization and processing of sea clutter;

• Characterization and processing of extended objects;

• Parameter estimation / machine learning in stochastic dynamic systems;

• Online management of radar modes and waveform parameters.

 (Supervisor: Assoc. prof. Hans Driessen)



A study of extended targets radar detector 
 

Modern wideband radars have enabled a sub-meter range resolution, thus providing additional 

possibilities for target detection and classification. However, the target detection in such high 

resolution mode has a few differences w.r.t. the detection in low range resolution mode. Thus, the 

targets of interest (aircrafts, cars) cannot be considered as point-like anymore; instead, they are spread 

in a few adjacent range cells. This phenomenon has to be considered to improve radar performance. 

To address this problem a few techniques of extended target detection have been recently proposed, 

however, they generally assume target range extent to be known. The aim of this study is to analyse 

the performance of existing detectors and propose techniques for reliable estimation of the target range 

extent.  

 
Figure 1. Bus at Mekelweg observed by PARSAX radar 

 

Sub-tasks: 

 Overview of signal and clutter models in high resolution radar. Formulation of the appropriate 

models and their numerical simulation according to defined models [1]. Literature overview about 

radar CFAR detectors. Analysis of existing extended target detectors and target range extent 

estimation; 

 Formulation of the particular technique for target range extent estimation and its statistical 

analysis; 

 Simulations of existing and proposed techniques [2, 3]; performance assessment by numerical 

simulations. Semi-experimental  data processing from PARSAX radar in its high resolution mode 

(1.5 m range resolution) [4]. 

The final report will describe the methodology, description of the proposed/analysed 

techniques, together with their performance analysis. 

 

References: 

[1] F. Le Chevalier, Principles of Radar and Sonar Signal Processing Norwood: MA: Artech House, 

2002. 

[2] P. K. Hughes, "A High-Resolution Radar Detection Strategy," Aerospace and Electronic Systems, 

IEEE Transactions on, vol. AES-19, pp. 663-667, 1983. 

[3] A. De Maio and M. Greco., Modern Radar Detection Theory. SciTech Pub., 2016. 

[4] http://parsax.weblog.tudelft.nl/ 

 

Supervisors: Hans Driessen and Nikita Petrov (till April 2018) 
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Radar based Road Mapping 

Context  

High-accuracy localization of moving vehicles at urban environments is crucial for 

emerging autonomous driving.  Current approaches integrate global positioning system 

(GPS), inertial measurement unit (IMU), wheel odometry, and light detection and 

ranging (LIDAR) data acquired by an instrumented vehicle, to generate high-resolution 

environment maps that is used for localization. Unfortunately, not all of the current 

vehicles equipped with advanced instruments such as LIDARs thus these maps can 

be achieved through special vehicles which is expansive and time consuming process. 

Since radar sensors are already available in most of the modern cars, in this master 

thesis project, we design a method/algorithm that uses radar sensor to create road 

maps that can be used for localization. 

 

              

      Experimental Automotive Radar             Environment map (SAR Image) 

 

Assignment 

The proposed project has the goal to develop, implement and test radar based 

mapping algorithms.  The list underneath provides an overview of the research 

questions that will to be solved in this project: 

• Feasibility of using available radar sensors for road mapping. Is it possible to 

recreate same map with different passes? Accuracy? Location of radar at car?  

• Design and implementation of an algorithm for creating environmental (road) 

maps that is suitable for automotive radar.  

• Feature extraction and registration of maps.   

• Fusion of radar based map with available road maps.  

 

Requirements 

C, MATLAB and radar basics 

 

Contact: dr. Faruk Uysal, Microwave Sensing, Signals and Systems Group 

f.uysal@tudelft.nl   

radar.tudelft.nl  

mailto:f.uysal@tudelft.nl


The next generation mobile communication system, 5G, should provide a strongly 

increased system capacity as well as data rates up to a target of 10Gbps. With these high 

demands on mobile network, the sophisticated multiple beam active antenna systems 

operating in higher frequency bands will be the key devices. The benefits provided by using 

this antenna system include reduced interference by intelligently controlling the beam 

direction. To reduce fading effects, other antenna requirements such as selectivity in 

operating frequency (or broadband operation) and multi-polarizing 

ability are also desirable. 

The MS3 group is involved in the  

project ‘Advanced 5G solutions’  

for research on technological  

breakthroughs for a broad scope of 5G 

application areas, especially  

communication and automotive. 

Our group is focussing on development  

novel solutions in antenna topologies and front-end  

configurations for multiple beam generation.

There are three interesting topics in this project : 

- The design of antenna element (small antenna array) with dual polarized

capabilities

- The design of the “filtenna” array combining the function of filter and antenna

- The design of sub-array topologies to provide amplitude taper  yielding low

natural side lobes

If you interested any of these topics, you can contact me at J.Puskely-1@tudelft.nl and we 

can discuss the topics in more detailed. 

The topics will be supervised by Dr. Jan Puskely/ Prof. Alexander Yarovoy. A PhD student 

of the group will be assigned as daily advisor. 

The good background in microwaves and antennas is important. The knowledge of 

MATLAB and CST MS is beneficial.  



Advanced 5G SolutionsAdvanced 5G SolutionsAdvanced 5G SolutionsAdvanced 5G Solutions

Antenna Arrays and Beamforming for 5GAntenna Arrays and Beamforming for 5GAntenna Arrays and Beamforming for 5GAntenna Arrays and Beamforming for 5G

MSc Yanki Aslan – PhD Candidate

Y.Aslan@tudelft.nl

• This challenging task requires innovative approaches 

in antenna array topologies and array cooling strategies. 

THERMAL SIMULATIONS FOR 5GTHERMAL SIMULATIONS FOR 5GTHERMAL SIMULATIONS FOR 5GTHERMAL SIMULATIONS FOR 5G

MS3 Master Event

January 19, 2018

DIFFERENTDIFFERENTDIFFERENTDIFFERENT TILINGTILINGTILINGTILING CONFIGURATIONSCONFIGURATIONSCONFIGURATIONSCONFIGURATIONS AND AND AND AND TECHNIQUESTECHNIQUESTECHNIQUESTECHNIQUES FOR ANTENNA FOR ANTENNA FOR ANTENNA FOR ANTENNA UNITSUNITSUNITSUNITS

Dr. Jan Puskely – J.Puskely-1@tudelft.nl

Dr. Antoine Roederer – roederer.antoine@gmail.com

Prof. DSc. Alexander Yarovoy – A.Yarovoy@tudelft.nl

• Optimization via tapering functions, genetic algorithm, compressive sensing etc.

• Thinning, random placing, mathematical structures etc.

• Sparse arrays → reduction in power dissipation and passive cooling

• Investigation of different boundary conditions & external cooling techniques

• Modelling and optimization of the antennas & heat sinks

Other Contact Persons:

• In “Advanced 5G Solutions”, we aim to design low-cost phased array 

base station antenna systems at mm-waves (~30 GHz) for 

simultaneous multiple beam forming with enhanced 

spatial multiplexing, limited interference, acceptable 

power consumption, suitable processing complexity 

& speed and passive cooling.



Yanki Aslan – Y.Aslan@tudelft.nl    Feb 5, 2018 
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5G MULTI-BEAM ANTENNA TOPOLOGIES 

MASTER THESIS PROPOSAL 

5G communication systems are expected to achieve approximately 1000x communication capacity growth and 

less than 1ms latency in transferred data stream while supporting massive Internet of Things. To achieve the 

capacity and throughput requirements of 5G technology, a vast amount of spectrum with sufficient frequency 

re-use is necessary. Therefore, the concept of beam-division multiple access in millimeter-wave systems is 

being studied at the MS3 group involved in the project ‘Advanced 5G solutions’ for research on technological 

breakthroughs for a broad scope of 5G application areas, especially in communication and automotive industry. 

System Behaviour Modelling in 5G 

Motivation 

In order to understand the feasibility of achieving the desired goals (the number of users that are 

simultaneously served, data rate per user, maximum distance for reliable communication etc.) with certain 

limitations (the size of the aperture, number of antenna elements, power amplifier capabilities etc.), it is 

important to model the behaviour of 5G systems in terms of a link budget. In fact, transmissions in the 

millimeter-wave bands have significantly less favorable link budgets due to low power amplifier output powers, 

reduced receiving effective aperture and decreased diffraction and dispersion effects. To mitigate these 

drawbacks, large scale antenna arrays with tens or hundreds of elements are expected to be deployed in 5G 

systems. Using a transceiver behind every antenna element will consume unacceptable amounts of power and 

will likely be cost prohibitive. 

To the best of our knowledge, studies on the link budget of 5G networks are still very limited in literature [1, 2] 

and lack of practical factors that should be considered in the overall design. Therefore, in this master thesis, the 

aim will be to model and evaluate the performance of 5G systems by taking the following into account: 

- Formation of multiple beams at the transmitter by fully digital or hybrid [3-4] beamforming 

architectures (see Figure 1) 

- Maximum power provided by each power amplifier 

- Dynamic range of excitations 

- Different user positions, antenna polarizations (possibly via Monte Carlo simulations) 

- Total cost etc. 

 

(a) Fully-connected type [3] 

 

(b) Multiple array type [4] 

Figure 1: Hybrid beamforming architectures 

 

 

Some examples of 5G link budgets that are available in literature and the references are given in the next page. 



5G Multi-Beam Antenna Topologies - Master Thesis Proposal 
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Figure 2: Millimeter-wave mobile broadband (MMB) link budget, from [1] 

 

Figure 3: Examples of 39 GHz mobile network link budget, from [2] 

References 

[1] Z. Pi and F. Khan, “An Introduction to Millimeter-Wave Mobile Broadband Systems,” IEEE Communications 

Magazine, vol. 49, no. 6, pp. 101-07, June 2011. 

[2] Straight Path Communications Inc., “A Straight Path Towards 5G,” White Paper, Sept, 2015. 

[3] T. Kim, J. Park, J. Seol, S. Jeong, J. Cho and W. Roh, “Tens of Gbps Support with mmWave Beamforming 

Systems for Next Generation Communications,” IEEE GLOBECOM, 13, pp. 3790–95, Dec. 2013. 

[4] W. Roh, J. Seol, J. Park, B. Lee, J. Lee, Y. Kim, J. Cho and K. Cheun (Samsung), “Millimeter-wave Beamforming 

as an Enabling Technology for 5G Cellular Communications: Theoretical Feasibility and Prototype Results,” IEEE 

Communications Magazine, Feb. 2014. 



20160921_ASPARAGUS DETECTION WITH MICROWAVES_THESIS 

TOPIC_V02 

CERESCON BV

Graduation assignment/ 

thesis topic.  

Asparagus detection with microwaves 

Location: Heeze.  

Start:  November 2016 (duration approx.  9 months) 

Is it your dream to have a challenging internship at a high tech startup? Can you adapt to the 

speed of a fast growing company? Then this could be the opportunity for a great internship. 

Background information on the task 

In order to harvest asparagus before the color changes from white to purple, a subsurface 

detection technique is necessary. For this purpose, microwaves have been investigated. Two 

methods have been tested to a certain extend: transmission and GPR (Ground Penetrating 

Radar). 

Microwaves with frequencies in the 2 – 3 GHz range have been investigated because these 

frequencies offer ground penetration capabilities and promise sufficient resolution. Asparagus-

soil contrast results from the large gap in dielectric constant.  As always with detection problems, 

success depends on the variability of the background clutter, in this case due to electric and 

geometric variations of the soil. These variations may even exceed the average asparagus-soil 

contrast. Clutter suppression is therefore part of the investigation. 

Typical dimensions of an asparagus are 1-3 cm diameter and a length of about 35 cm. They grow 

largely vertically. Typical densities are 1-2 per meter. Sometimes it occurs that two asparagus are 

only a few centimeters away from each other. They are buried 10-30 cm away from a side of the 

soil ridge. Roughly speaking, detection should be done at a speed of 0,5 m/s while offering 

centimeter accuracy of the position in the horizontal plane. An estimation of the 'depth' (the 

distance to the soil in horizontal and vertical direction), length, and width is desirable. 

The detection module moves with 0,5 m/sec speed over the asparagus bed.  

Asparagus detection is a challenge for microwave detection.  

This is foremost due to  

• the small size of the asparagus compared to the wavelength and resolution of microwave 

instruments and  

• the attenuation and variability of the soil.  

Nevertheless, it has been demonstrated with a commercial GPR that an asparagus in a test 

setting could be detected when covered by some decimeters of soil of the kind typically used to 

grow asparagus in. More extensive transmission measurements with a dedicated robotized setup 

were less convincing, although cross-polarization measurements still hold some promise. 

Experimental research supported by simulation models needs to be done.  

Literature and knowledge on GPR and transmission related to the asparagus detection problem 

have been collected and are available for study. 
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Subscription 

Cerescon has different graduation assignments to investigate and develop mentioned methods. 

Assignments (amongst others): 

1. Develop and extend the experimental set up

2. Analyze measuring data

3. Apply the simulation models and develop the modules further.

Measuring equipment and a small (indoor) asparagus test field are in the test hall in Heeze. 

Your profile 

• Your study is physics or electrical engineering 

• You’re the type of person that (after some help of a mentor) can work independently 

• You have knowledge of RF technology 

• You have knowledge of experimental techniques. 

We offer 

We offer you an educational internship in a challenging high-tech startup where we never have 

two similar days. As a startup, we face every day and every week new unexpected situations. The 

culture is very informal, very open and close. The pace is high since we switch quickly and make 

efficient decisions. 

We’ll find a suitable mentor from a specialist company for you. If this mentor is not within 

Cerescon, we’ll hire capacity. 

You’ll get an allowance / graduation fee and travel expenses if you have no free public transport 

up to a maximum compensation of 40 km one way per day. 

I’ll take the challenge 

Please respond (preferably before mid October) by applying your motivation letter and CV to: 

Thérèse van Vinken -  therese.vanvinken@cerescon.com  

If you have questions regarding the assignment: 

Please contact Ad Vermeer- Chief Technology Officer, mobile 06-30614039 

About Cerescon BV 

Cerescon is a very young, fast developing high tech startup. Cerescon is aiming at the 

development, the production and the marketing of an automated selective asparagus harvesting 

machine.  

Asparagus production is up till now a very labour intensive part of horticulture. 

The so called “white gold” is up till now harvested manually by thousands of manual workers. 

Cerescon is the first company that successfully has proven the feasibility of an automatic 

asparagus harvesting machine. We now face the challenge to bring this innovation to a successful 

product and to let Cerescon grow to a successful company. For this, Cerescon needs good 

employees who can think and act on all levels. Employees with the skills and personality to let 

Cerescon grow to the organization we want to become: a global player. 

Publication date:  May-2016 
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