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DR HANNO COETZER

Dr Hanno Coetzer
jcoetzer@sun.ac.za

• Research Field
Machine learning and artificial intelligence

• General Description of Research Field
Biomedical applications of machine learning and artificial intelligence, in particular cancer de-
tection and the detection of other pathological conditions based on X-ray and MRI images.

Physiological and behavioural biometric authentication.

Topics MEng MEng PhD Potential

Struct Resrch Funding

Automated colorectal cancer detection and diagnosis ! ! ! !

Colorectal cancer (CRC) incidence and mortality are increasing,
with projections indicating continued growth until at least 2040,
according to estimations of the International Agency for Research
on Cancer. Nowadays, it is the third most incident (10.7% of all
cancer diagnoses) and the second most deadly type of cancer. De-
spite the pessimist predictions, CRC is preventable and curable
when detected in its earlier stages. Notwithstanding the CRC de-
tection capabilities shown by imaging/endoscopic techniques, the
definite diagnosis of cancer is always based on the pathologist’s
evaluation of the histological samples.
In this project it is expected of the candidate to develop a fully au-
tomated end-to-end deep learning pipeline to predict CRC directly
from whole-slide (histological) images. Recent work on this topic
can be found in [1] and [2]. A suitable database may be down-
loaded at https://stage.cancerimagingarchive.net/collect
ion/cmb-crc/ or https://pmc.ncbi.nlm.nih.gov/articles/PM
C8580263/.
[1] Ho, C., Zhao, Z., Chen, X.F. et al. A promising deep learning-
assistive algorithm for histopathological screening of colorectal
cancer. Sci Rep 12, 2222 (2022). https://doi.org/10.1038/
s41598-022-06264-x. [2] Neto, P.C., Montezuma, D., Oliveira,
S.P. et al. An interpretable machine learning system for colorectal
cancer diagnosis from pathology slides. npj Precis. Onc. 8, 56
(2024). https://doi.org/10.1038/s41698-024-00539-4.

Requirements: MEng: A BEng or BSc (Hons) degree PhD: An
MEng or MSc degree
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DR HANNO COETZER

Topics MEng MEng PhD Potential

Struct Resrch Funding

Automated thoracic disease classification ! ! ! !

Over the past two decades, various medical imaging techniques,
such as chest X-ray, positron emission tomography (PET), magnetic
resonance imaging (MRI), computed tomography (CT), low-dose
CT (LDCT), and chest radiograph (CRG), have been extensively
investigated for thoracic disease classification. Many computer-
aided detection (CAD) systems have been extensively studied for
thoracic disease detection and classification. To help radiologists,
a rapid, cost-effective, and highly sensitive deep learning-based
CAD system for thoracic disease classification is urgently needed.
Thoracic diseases include atelectasis, consolidation, infiltration,
pneumothorax, edema, emphysema, fibrosis, effusion, pneumonia,
pleural thickening, cardiomegaly, nodule, mass, and hernia.
In this project it is expected of the candidate to develop a system
that automatically detects and classifies thoracic diseases. Recent
work on this topic can be found in [1] and [2]. A suitable database
may be downloaded at https://www.kaggle.com/datasets/ni
h-chest-xrays/data.
[1] Ahmad Z, Malik AK, Qamar N, Islam SU. “Efficient Thorax Dis-
ease Classification and Localization Using DCNN and Chest X-ray
Images”. Diagnostics (Basel) (2023). [2] Khan, Rijah, Mehmood,
Tahir. “Classification of Thoracic Diseases Based on Chest X-ray
Images Using Kernel Support Vector Machine”, Mathematical Prob-
lems in Engineering, 2022, 9457730, 9 pages (2022).

Requirements: MEng: A BEng or BSc (Hons) degree PhD: An
MEng or MSc degree

Automated lung cancer screening and diagnosis ! ! ! !

Lung cancer is the most frequent cancer and the cause of can-
cer death, with the highest morbidity and mortality in the United
States. Over the past two decades, various medical imaging tech-
niques, such as chest X-ray, positron emission tomography (PET),
magnetic resonance imaging (MRI), computed tomography (CT),
low-dose CT (LDCT), and chest radiograph (CRG), have been ex-
tensively investigated for lung nodule detection. Many computer-
aided detection (CAD) systems have been extensively studied for
lung cancer detection and classification. To help radiologists, a
rapid, cost-effective, and highly sensitive deep learning-based CAD
system for lung cancer prediction is urgently needed.
In this project it is expected of the candidate to develop a system
that automatically detects and classifies lung nodules. Recent work
on this topic can be found in [1] and [2]. A suitable database may
be downloaded at https://www.kaggle.com/datasets/mysara
hmadbhat/lung-cancer.
[1] Thanoon MA, Zulkifley MA, Mohd Zainuri MAA, Abdani SR.
A Review of Deep Learning Techniques for Lung Cancer Screen-
ing and Diagnosis Based on CT Images. Diagnostics. 2023;
13(16):2617. [2] Wang L. Deep Learning Techniques to Diagnose
Lung Cancer. Cancers (Basel). 2022;14(22):5569.
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DR HANNO COETZER

Topics MEng MEng PhD Potential

Struct Resrch Funding

Requirements: MEng; A BEng or BSc degree PhD: An MEng or
MSc degree
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PROF STEFAN DU PLESSIS

Prof Stefan Du Plessis
stefandup@sun.ac.za

• Research Field
Clinical neuroimaging and clinical behavioural sciences

• General Description of Research Field
Clinical neuroimaging and behavioural neuroscience focus on understanding brain and be-
haviour relationships in health and neuropsychiatric conditions. Research in this field combines
MRI with physiological and behavioural measures, alongside the development of accessible re-
search technologies such as virtual reality, psychophysiological systems and low-field MRI.

Topics MEng MEng PhD Potential

Struct Resrch Funding

Development of a Modular VR Environment for Paediatric Sur-
gical Dressing Procedures

! !

Surgical dressing procedures can be painful, stressful and fright-
ening for children, and there is a need for practical tools that can
help children understand and cope with these procedures. This
MSc project will develop a modular virtual reality platform de-
signed for future use across a range of paediatric surgical dressing
scenarios.
The VR experience will combine age-appropriate preparation and
explanation of what the child can expect during the procedure with
engaging distraction activities, and potentially mindfulness and
stress-management approaches. Rather than developing a single
VR experience, the engineering focus will be on creating reusable
components in Unreal Engine that can be readily adapted to dif-
ferent procedures, clinical settings and age groups. The first im-
plementation will focus on dressing procedures in paediatric or-
thopaedics, while the modular design will allow the platform to be
extended to other areas of paediatric surgery.
The 2027 project will focus primarily on engineering, develop-
ment, prototyping and evaluation of the platform rather than di-
rect testing in patients.

Requirements: Open to students from engineering, computer sci-
ence or other science backgrounds who are comfortable with basic
programming. Experience with Python, C++ or Unreal Engine
would be advantageous but is not required. Familiarity with 3D
development tools such as Blender would also be useful. Artistic
or design flair would be an advantage, but is not essential, as the
project will make extensive use of existing commercial and freely
available assets.
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PROF STEFAN DU PLESSIS

Topics MEng MEng PhD Potential

Struct Resrch Funding

Implementation of an Reproducible, Low-Cost Gradient Ampli-
fier for an Existing Low-Field MRI System

! !

This MSc project forms part of a larger, multi-phase programme
aimed at making the construction and development of low-field
MRI scanners more accessible. A major goal of the programme is to
develop systems that can be built, understood and adapted without
requiring highly specialised MRI engineering expertise. For this
reason, no advanced prior knowledge of MRI hardware is required.
The student will learn the relevant principles through hands-on
design, construction, testing and experimentation.
The initial phase of the programme established that the scan-
ner works: our existing low-field MRI prototype has successfully
demonstrated MRI signal acquisition, including spin-echo signals.
The next important step is to move from detecting an MRI signal
to producing spatially resolved images.
MRI gradient fields provide the spatial encoding that allows the
scanner to determine where signals originate and ultimately recon-
struct a three-dimensional image. The gradient amplifier, which
drives these gradient coils accurately and rapidly, is therefore a es-
sential component in turning the current working prototype into a
working imaging system.
The gradient amplifier will be the main focus of this MSc project.
The student will gain hands-on experience with how a low-field
MRI scanner is designed, assembled and tested. A major compo-
nent of the work will involve manufacturing, implementing and
characterising an existing gradient-amplifier design. Under guid-
ance from the supervisory team, the student will evaluate its per-
formance and develop and test modifications and improvements.
Depending on progress, the student is also likely to construct and
refine their own version of the amplifier.
This represents a crucial phase in the overall development of the
scanner. The first phase demonstrated that MRI signals can be
generated and detected; this phase will help provide the spatial
encoding needed to turn those signals into images. The longer-
term goal of the programme is to develop a fully fledged low-field
small-animal MRI scanner.
The project offers substantial scope for practical electronics, en-
gineering design, experimentation and problem-solving, while al-
lowing the student to learn how the major components of an MRI
scanner work together as a complete system.

Requirements: Open to students from engineering or science
backgrounds. Experience with electronics, Arduino/microcon-
trollers, programming or PCB design is advantageous but not es-
sential. Training will be provided.
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MRS LIORA GINSBERG

Mrs Liora Ginsberg
ginsberg@sun.ac.za

• Research Field
Biomedical engineering - Microcirculation flow pattern in the lymph

• General Description of Research Field
The lymphatic system is an important biological system, with main functions of immunity and
transportation of excess fluid from amongst the capillaries in the loose connective tissue into
the vascular system. Much research has been conducted on the flow patterns of the circula-
tory system, into which the lymphatic system flows, however little has been attempted on the
lymphatic system.

Parametric studies and numerical modelling of the micro-circulation of specific regions of the
lymphatic system need to be conducted. The project takes place in the context on on-going final
year projects and a PhD study.

Topics MEng MEng PhD Potential

Struct Resrch Funding

Kangaroo care replacement device for neonates !

Background: Kangaroo mother care is a method of care of prema-
ture infants. The method involves infants being carried, usually by
the mother, with skin-to-skin contact. There is evidence that this
method of care greatly helps in the development of the baby. The
baby will be able to get warmth from the mother, feel her heart-
beat and breathing, hear her voice and of course cuddle on her
body. However, this is not always possible immediately after birth,
for example, the mother may still be in recovery or she may be
undergoing surgery. Problem: For premature babies born in rural
hospitals that need not go to a secondary or tertiary hospital, a
replacement is needed that best approximates the experience the
baby would have had in kangaroo care with the mother. Addition-
ally, the comfort bed could include monitoring the motion of the
baby so that a warning can be given should the baby’s condition
deteriorate. It would be beneficial for this device to fit within an
existing incubator.

Requirements: Design / Biomedical modules

Neonatal nebuliser for optimum surfactant delivery !

Background: Often premature neonates struggle with breathing as
they lack the necessary surfactant in their lungs. The solution used
presently is to provide surfactant through nebulisation. However,
there are a number of issues with this, primarily that as neonates
cannot regulate their breathing, it is difficult to ensure they get the
correct dosage. Problem: A nebuliser needs to be designed for pre-
mature neonates that require surfactant, It needs to detect breath-
ing patterns to activate and regulate the surfactant dosage through
nebulisation. The nebulizer should provide droplet sizes below 10
µm to provide optimum delivery of the drug to the neonate. A
prototype nebuliser needs to be designed, built and tested

8 of 49



MRS LIORA GINSBERG

Topics MEng MEng PhD Potential

Struct Resrch Funding

Requirements: Design / Biomedical modules

Retrofitted wheelchair stair assist !

Background: Many wheelchair users in developing countries use
a standard wheelchair with no additional features and often en-
counter difficulties in manoeuvrability due to the wheelchair de-
sign and constraints. Manoeuvring wheelchairs up and down stairs
is difficult for both the wheelchair user and the caregiver. Problem:
Wheelchair users of a standard wheelchair find moving up and
down stairs to be very difficult, and the caregivers find manoeu-
vrability difficult. A retrofitted device to a standard wheelchair is
required, that would enable to wheelchair user to easily move up
and/or down stairs, with minimal assistance from the caregiver.

Requirements: Design / Biomedical modules

Studies of lymph micro-circulation !

Background: Lymphatic flow is a very slow flowing, one dimen-
sional system, which main function is to transport lymph from the
extremities back to the circulatory system. Little research has been
done on how the lymph flows through the ducts within the human
body. Problem: An in-depth literature study of the micro flow of
the lymph in the lymphatic network needs to be conducted. The
student needs to make use of CFD to model the micro flow of the
lymph within a peristaltic lymphatic duct and then verify the mod-
els by use of experimental work.

Requirements: CFD
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DR ISAAC KHOBO

Dr Isaac Khobo
ilkhobo@sun.ac.za

• Research Field
Brain Imaging, Image & Signal Processing, Geospatial and public health

• General Description of Research Field
My research focuses on using multimodal neuroimaging data and cognitive neuroscience prin-
ciples to develop brain-inspired AI architectures capable of more generalisable, interpretable,
and adaptive learning. I am also interested in geospatial research that integrates -omics and
imaging data as well as environmental, satellite, and demographic data to estimate community-
level mental health vulnerability while prioritising privacy, fairness, and ethical public-health
decision-making.

Topics MEng MEng PhD Potential

Struct Resrch Funding

Comparative Study of Classical and Learning-Based Methods
for Automated Brain Image Segmentation

!

Image segmentation is a fundamental task in neuroimaging and
medical image analysis, enabling the identification and quan-
tification of anatomical structures, pathological regions, and re-
gions of interest (ROIs) within brain scans. Accurate segmenta-
tion plays a critical role in applications such as disease diagnosis,
treatment planning, longitudinal monitoring, and neuroscience re-
search. While traditional image processing techniques have long
been used for segmentation, recent advances in machine learning
and deep learning have demonstrated significant improvements
in accuracy and automation. This project investigates and com-
pares classical and learning-based segmentation approaches for a
selected neuroimaging segmentation task.
The project begins with the selection of a focused segmenta-
tion target, such as gray matter, white matter, cerebrospinal fluid
(CSF), brain tumors, lesions, or a specific anatomical region of in-
terest. Using neuroimaging datasets containing expert-generated
ground truth labels, students will develop and evaluate methods
capable of accurately identifying and delineating the chosen struc-
tures within MRI or related imaging modalities.
Project objectives: • Select a focused segmentation target such as
gray matter/white matter/CSF, lesions, tumors, or a specific ROI. •
Implement classical segmentation baselines such as thresholding,
clustering, atlas-based approaches, or region growing. • Compare
these against a learning-based approach such as random forest or
U-Net. • Evaluate segmentation quality using metrics such as Dice
score and boundary distance.

Requirements: • BSc or BEng with focuses on Stats, Neu-
roscience, Data Engineering, Anatomy, Applied Maths • Image
processing fundamentals (filters, morphology, connected compo-
nents). • Basic ML; optional deep learning experience for U-Net.
• Understanding of evaluation metrics for segmentation.
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DR ISAAC KHOBO

Topics MEng MEng PhD Potential

Struct Resrch Funding

Privacy-Conscious 3D Craniofacial Morphology Analysis for
Research Support in FASD and Craniofacial Anomaly Assess-
ment

! !

Three-dimensional facial imaging technologies have created new
opportunities for the quantitative assessment of craniofacial devel-
opment and morphology. Conditions such as Fetal Alcohol Spec-
trum Disorder (FASD) and other craniofacial anomalies are often
associated with subtle facial characteristics that may be difficult
to identify consistently through visual inspection alone. Advances
in computer vision, geometric modelling, and artificial intelligence
provide the potential to support clinical research by enabling ob-
jective, reproducible, and scalable analysis of facial morphology.
This project investigates the development of machine learning
techniques for analysing 3D facial images and detecting craniofa-
cial patterns associated with developmental conditions in ethically
approved research settings.
Project objectives: • Develop a pipeline to ingest and preprocess
de-identified 3D facial images (e.g., meshes, point clouds, or depth
maps), including alignment, normalization, and noise removal. •
Extract geometric and morphological features such as landmark
distances, surface curvature, symmetry measures, and facial pro-
portions. • Build machine learning or deep learning models (e.g.,
CNNs on depth maps, graph neural networks on meshes, or point-
based networks) to classify or detect patterns associated with FASD
and other craniofacial anomalies in a supervised research setting.
• Compare feature-based approaches with end-to-end learning
methods for robustness, interpretability, and potential clinical rel-
evance. • Evaluate model performance using appropriate metrics
(e.g., accuracy, sensitivity, specificity, ROC-AUC) and assess gener-
alisation across populations where ethically approved data is avail-
able. • Incorporate interpretability techniques to highlight which
facial regions contribute most to predictions, supporting clinical
understanding alongside privacy/fairness safeguards.

Requirements: • BSc or BEng, focus areas: statistical mod-
elling, image processing • 3D geometry fundamentals (meshes,
point clouds, ICP/alignment). • ML/DL competence; ability to
handle class imbalance and evaluation. • Ethics/privacy aware-
ness for biometric data
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DR ISAAC KHOBO

Topics MEng MEng PhD Potential

Struct Resrch Funding

Neuroscience-Informed Cognitive Architectures from Open
Neuroimaging Data: Toward Generalizable AI and AGI Re-
search

! !

Recent advances in artificial intelligence have been driven by in-
creasingly powerful deep learning models; however, many systems
still lack the flexibility, interpretability, and generalisation capabil-
ities associated with human cognition. Neuroscience offers valu-
able insights into how the brain integrates perception, memory,
attention, reasoning, and decision making into a coherent cogni-
tive system. This project explores the design and evaluation of
neuroscience-informed cognitive architectures that combine these
core cognitive functions to process and reason about complex mul-
timodal neuroimaging data and future cognition. The intent is
for the architecture to enable more robust analysis of multimodal
brain data and providing a testbed for investigating principles rel-
evant to Artificial General Intelligence (AGI).
A key component of the project is the systematic comparison
of alternative architectural paradigms, including neuro-symbolic
AI, graph neural networks, memory-augmented neural networks,
modular agent-based systems, and self-supervised learning frame-
works. You as a student will investigate how different mechanisms
for reasoning, knowledge representation, and memory influence
the ability of AI systems to learn transferable and explainable mod-
els of brain function. Particular attention will be given to under-
standing how graph-based representations of brain connectivity
and symbolic reasoning mechanisms can complement data-driven
learning approaches.
Project objectives: • Design a neuroscience-informed cognitive ar-
chitecture that combines perception, memory, attention, world-
modelling, and decision components for multimodal neuroimag-
ing data. • Use current open-source neuroimaging datasets to
learn reusable representations and algorithmic priors that im-
prove prediction, anomaly detection, or subject-level profiling over
strong baselines. • Compare neuro-symbolic methods, graph-
based reasoning, self-supervised learning, modular agents, and
memory-augmented algorithms to identify architectural choices
that best support generalisation and interpretability. • Assess how
brain-inspired modularity, compositionality, and persistent mem-
ory could contribute to AGI-oriented machine learning research in
bounded experimental settings, while critically defining limitations
and evaluation criteria.
Potential datasets: Human Connectome Project (HCP), UK
Biobank Imaging Dataset, OpenNeuro, ADNI, ABIDE, and TUH
EEG Corpus.
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DR ISAAC KHOBO

Topics MEng MEng PhD Potential

Struct Resrch Funding

Requirements: • BSc(Honours)/MSc in Engineering, Maths,
Neuroscience, Data Science • Strong Python and machine learning
fundamentals; comfort with experimental design and model eval-
uation. • Working knowledge of representation learning, and in-
troductory neuroscience or cognitive modelling concepts. • Ability
to work with open/acquired datasets, preprocessing outputs, and
high-dimensional data. • Interest in research-oriented reading and
critical analysis.

Automated Quality Control and Artifact Detection in Multi-
modal Neuroimaging Pipelines

! !

The increasing availability of large-scale neuroimaging datasets
has created significant opportunities for advancing neuroscience
and medical AI. However, the quality of neuroimaging data varies
considerably due to subject motion, scanner artifacts, acquisition
errors, hardware inconsistencies, and preprocessing failures. Man-
ual quality control (QC) remains time-consuming, subjective, and
difficult to scale to modern datasets containing thousands of scans.
This project investigates the development of intelligent automated
quality control systems that can assess, classify, and explain the
quality of multimodal neuroimaging data.
Project objectives: • Design a pipeline that ingests MRI, fMRI, DTI,
sMRI, and/or MRS data together with metadata and preprocessing
outputs. • Extract image-quality indicators such as motion, signal-
to-noise ratio, intensity irregularities, ghosting, dropout, or regis-
tration errors. • Build and compare models that classify scans as
usable/unusable or detect anomalous scans automatically. • Pro-
duce an interpretable QC report or dashboard that supports rapid
screening of large datasets.
Research Areas: Medical Image Analysis, Artificial Intelligence,
Machine Learning, Neuroimaging, Explainable AI, Data Quality As-
sessment, Anomaly Detection, Biomedical Data Science.

Requirements: • Pre-requisite: BSc/BEng, MBCHB • Program-
ming and basic ML concepts (train/test splits, metrics, overfitting).
• Comfort working with large files and command-line tools. • In-
tro understanding of MRI modalities and common artifacts (can be
learned during project).
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DR ISAAC KHOBO

Topics MEng MEng PhD Potential

Struct Resrch Funding

Graph-Based Modelling of Brain Connectivity from fMRI and
DTI for Outcome Prediction

! !

The human brain can be viewed as a complex network of intercon-
nected regions that communicate through structural pathways and
functional interactions. Advances in neuroimaging technologies
such as Diffusion Tensor Imaging (DTI), structural MRI (sMRI),
and functional MRI (fMRI) have enabled researchers to map these
connections and analyse the brain as a graph, where nodes rep-
resent brain regions and edges represent structural or functional
relationships. This project explores how graph-based representa-
tions of the brain can be used to understand network organisation
and predict clinically and scientifically relevant outcomes.
Potential Datasets: Brain Tumor Segmentation Challenge (BraTS),
ADNI, IBSR, MRBrainS, MICCAI datasets, OpenNeuro, and Human
Connectome Project (HCP).
Project objectives: • Construct structural or functional connectiv-
ity graphs from imaging data. • Extract graph metrics or graph
embeddings that summarize network organisation. • Use graph-
derived features to predict diagnostic, behavioural, or cognitive
outcomes. • Compare traditional graph analytics with machine
learning-based graph representations

Requirements: • BSc/BEng • Comfort with linear algebra and
basic graph theory. • ML model evaluation; ability to manage high-
dimensional features. • Optional: familiarity with graph neural
networks (GNNs).
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DR ISAAC KHOBO

Topics MEng MEng PhD Potential

Struct Resrch Funding

Privacy-Preserving Geospatial Modelling of Environmental
Risk Factors and Area-Level Mental Health Vulnerability

! !

Mental health challenges are influenced by a complex interaction
of social, environmental, economic, and infrastructural factors.
While traditional mental health studies often focus on individual-
level clinical data, increasing interest has emerged in understand-
ing how neighbourhood and regional characteristics contribute to
mental health outcomes and service demand. Advances in geospa-
tial analytics, remote sensing, and artificial intelligence provide
new opportunities to identify area-level patterns that can support
public health planning and resource allocation while preserving
individual privacy. This project investigates the development of
an ethical and explainable geospatial AI framework for assessing
mental health vulnerability at the community and regional level.
A key component of the project involves engineering meaningful
area-level features that may be associated with mental health bur-
den or demand for mental health services. Examples include mea-
sures of green space availability, urbanisation intensity, environ-
mental stressors, population density, social deprivation, healthcare
accessibility, climatic variability, and infrastructure quality along-
side omics and neuroimaging data. The emphasis will be on aggre-
gated regional indicators rather than individual-level attributes.
Project objectives: • Integrate omics and neuroimaging data
with satellite imagery, population-level demographic indicators,
and environmental variables such as pollution, temperature, and
humidity into a unified geospatial data pipeline. • Engineer
neighbourhood- or district-level features that may be associated
with mental health burden or service demand, without identifying
or profiling individuals. • Build models that estimate area-level
vulnerability patterns, temporal trends, or mental health resource
needs across regions. • Evaluate the project using privacy, fairness,
explainability, and public-health usefulness criteria, with explicit
ethical safeguards for sensitive data.

Requirements: • BSc or BEng in areas of Public Health, Biomedi-
cal Engineering, Physics, Neuroscience, Data Science/Engineering
• Working knowledge of geospatial data (rasters, vectors, coordi-
nate systems). • Time-series and tabular ML; feature engineering.
• Responsible data practice (aggregation, privacy, bias awareness).
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DR. LINDI KOCK

Dr. Lindi Kock
lindigrobler@sun.ac.za

• Research Field
Biomedical engineering

• General Description of Research Field
Biomedical engineering with a focus on cardiovascular disease modelling.

My research focusses on the fluid dynamics and structural mechanics of the cardiovascular
system and the development of novel diagnostic parameter correlations. Modelling is applied
to evaluate the influence that pathologies have on the normal functioning of the heart and the
rest of the system.

Computational fluid dynamics (CFD); fluid-structure interaction (FSI); lumped parameter mod-
elling (LPM); soft tissue biomechanics; experimental validation.
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DR. LINDI KOCK

Topics MEng MEng PhD Potential

Struct Resrch Funding

Evaluation of the haemodynamic environment of calcific and
rheumatic aortic stenosis through meshless numerical meth-
ods

!

Computational modelling of aortic stenosis (AS) is used to evalu-
ate the haemodynamic burden imposed by different AS patholo-
gies, the associated workload demand on the heart, and the accu-
racy of non-invasive diagnostic correlations. Conventional fluid-
structure interaction (FSI) approaches rely on mesh-based finite
volume solvers coupled to finite element structural models through
arbitrary Lagrangian-Eulerian (ALE) method. While accurate,
these methods are computationally expensive and become numer-
ically unstable under the large leaflet deformations, near-contact,
and topological changes characteristic of severely stenosed valves.
This limits the range of pathological valve conditions that can be
modelled.
Meshless particle-based methods, such as smoothed particle hy-
drodynamics (SPH), is an alternative methods in which the fluid
is discretised as a set of Lagrangian particles rather than a fixed or
deforming grid. The Lagrangian description removes the mesh dis-
tortion and re-meshing requirement associated with ALE FSI meth-
ods. Recent work has demonstrated that SPH can reproduce the
haemodynamics of native and mechanical aortic valves in patient-
specific geometries with validation against finite volume simula-
tions and 4D flow MRI. The use of these methods in modelling
pathological heart valves with different morphologies remains un-
known.
The characteristics of calcific AS (CAS) and rheumatic AS (RAS)
differs substantially. This results in distinct opening morpholo-
gies, haemodynamic environments, pressure recovery, and cardiac
workload. Yet, these valvular heart conditions are assessed clini-
cally using a single morphology-insensitive diagnostic correlation.
Therefore, the aim of this project is to develop and validate a SPH-
based FSI framework for CAS and RAS cases across a range of
stenosis severities. The framework will be validated against exist-
ing fully-coupled FSI results and in vitro cardiac pulse duplicator
measurements. Comparison of the two modelling methodologies
will further determine the accuracy, computational cost, and prac-
tical limits of these methods for valvular haemodynamics. (This
project will be co-supervised by Dr Lindi Kock and Prof Ryno Laub-
scher)

Requirements: Strong interest in thermo-fluids modules and
biomedical engineering. Computational fluid dynamics (CFD).
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DR. LINDI KOCK

Topics MEng MEng PhD Potential

Struct Resrch Funding

Development of a synthetic data generation framework for
aortic valve geometries and in-silico studies

! !

Computational modelling of valvular heart diseases, such as aor-
tic stenosis (AS), are useful to evaluate the effect of different AS
pathologies on the haemodynamics, the workload demand on the
heart, and efficacy of specific non-invasive diagnostic correlations.
However, sufficiently large and anatomically varied datasets car-
diovascular geometries are necessary to evaluate the haemody-
namic burden associated with specific pathological features, and
to developed disease-specific diagnostic correlations.
Distinct cardiovascular geometries of the aortic valve are obtained
through segmentation and reconstruction of CT or gated MRI
scans. To generate sufficiently large datasets of patient-specific ge-
ometric models requires segmentation and reconstruction of large
cohorts of patient images. An alternative approach is to develop a
framework where anatomically realistic patient-specific cardiovas-
cular geometries are generated from a smaller cohort of patient
images through parameterisation and machine learning.
Therefore, the aim of this project is to develop a framework to re-
produce the anatomical variability and generate a synthetic dataset
of the aortic valve and aortic root geometries from a published
patient-specific AS dataset [1]. The scope of the project can be
extended to include calcific and rheumatic AS cases to generate
representative shape models for computational modelling. These
simulations will be used to evaluate the haemodynamic burden
associated with specific pathological features, and to develop im-
proved, disease-specific diagnostic correlations. (This project will
be co-supervised by Dr Lindi Kock and Dr Johan van der Merwe)
[1] Verstraeten, Sabine; Martijn Hoeijmakers; Tonino, Pim; Brün-
ing, Jan; Capelli, Claudio et. al. (2023): Data underlying the
publication: Generation of synthetic aortic valve stenosis geome-
tries for in silico trials. Version 1. 4TU.ResearchData. dataset.
https://doi.org/10.4121/3f6a3788-96e6-4b81-b37b-f07ee
ec85965.v1

Requirements: A strong interest in biomedical engineering, sci-
entific programming, statistics, and computational modelling.
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Effect of leaflet-cut template geometry and RVOT attachment
profile on bioprosthetic pulmonary valve function

!

Bioprosthetic pulmonary valve replacement is a surgical procedure
in which a failing pulmonary valve is replaced with a valve con-
structed from bovine pericardium or porcine cardiac tissue. This
project will focus on valves constructed from bovine pericardium,
known as pericardial valves.
The native pulmonary valve has three semilunar leaflets and sits
within the right ventricular outflow tract (RVOT) of the right heart.
Pericardial valves aim to mimic the structure and function of the
native valve. The leaflets are cut from pericardial tissue using a
leaflet-cut template and sutured in place to form the semilunar
shape of the valve. As the leaflet-cut template geometry, the RVOT
diameter, and the attachment profile determine the shape of the
valve once sutured, they also determine its function. The relation-
ship between these parameters and the function of the valve is
what will be evaluated in this project.
The aim of this project is to identify the geometric parameters gov-
erning the opening and closing function of the valve, and to de-
termine the limiting geometric configurations that result in valve
dysfunction. This will include developing a parametric description
of the leaflet-cut template, RVOT diameter, and attachment pro-
file. Finite element analysis will be used to deform the leaflet onto
the suture line and to model valve function under physiological
loading conditions. (This project will be co-supervised by Dr Lindi
Kock and Prof Martin Venter)

Requirements: Finite element modelling (FEM)
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Investigation into the haemodynamic environment of bicuspid
aortic heart valves

!

Aortic stenosis (AS) is a valvular heart disease (VHD) caused by
infection (rheumatic heart disease (RHD)), degeneration, or con-
genital malformation that results in inadequate valve opening. The
underlying cause of AS determines the type and morphology of the
diseased valve.
AS is the most common VHD that requires surgical intervention
in Europe and North America, while sub-Saharan African coun-
tries have among the highest prevalence of RHD. Bicuspid aortic
valve (BAV) is the most common congenital malformation where
the aortic valve has two leaflets instead of three. BAV is associ-
ated with accelerated leaflet calcification and aortopathy. Accu-
rate diagnosis of the underlying cause and severity of stenosis is
necessary for both treatment and prognosis of patients with AS.
Aortic valve haemodynamics are effectively characterised by the
peak velocity and the mean transvalvular pressure gradient. These
flow parameters are determined using Doppler echocardiography,
where the velocity is measured and used to estimate the pres-
sure gradient according to the simplified Bernoulli equation (∆P
= 4V²). The simplified Bernoulli equation is insensitive to valve
morphology and often overestimates the pressure gradients.
In this project, fluid-structure interaction (FSI) modelling and
experimental validation will be used to evaluate the fluid and
structural environment of aortic stenosis with a specific focus on
BAV morphologies. The project aims to evaluate the accuracy of
the pressure gradients estimated through the simplified Bernoulli
equation when compared to simulated results.

Requirements: A strong interest in thermo-fluids modules and
biomedical engineering. CFD and FEA will be used in this project
and the student will be required to complete the relevant modules.

Development of an image segmentation framework for cardiac
valve geometries

! !

Patient-specific computational models of the aortic and pulmonary
valves require accurate 3D geometries reconstructed from CT or
gated MRI scans. Segmentation of the valve and root is time-
consuming and operator-dependent. It remains one of the main
bottlenecks in building the large datasets needed for computa-
tional modelling of valvular heart diseases.
A repeatable framework is needed so that models produced by dif-
ferent operators are consistent and suitable for simulation. Such a
framework must include segmentation and reconstruction of med-
ical images, anatomical landmark and pathological feature identi-
fication, measurement of specific geometric parameters, and veri-
fication metrics. The aim of this project is to design and validate
an image segmentation framework to develop a dataset of recon-
structed 3D models of cardiac valves from CT or gated MRI scans
for use in computational studies.
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Requirements: The project is suited to students from any sci-
ence or engineering background who are comfortable with basic
programming, image processing and statistics.
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PROF CRAIG MCGREGOR

Prof Craig McGregor
craigm@sun.ac.za

• Research Field
Solar thermal energy, concentrating solar power (CSP)

• General Description of Research Field
Solar thermal energy and concentrating solar power research is conducted through the ACWA
Power Research Chair in CSP at Stellenbosch University. This collaboration provides unique
access to operational data from commercial CSP facilities, including the 50 MW Bokpoort
parabolic trough plant and 100 MW Redstone central receiver plant in South Africa, as well
as ACWA Power’s global portfolio of 1,360 MW solar thermal capacity.

Research focuses on addressing real operational challenges in commercial CSP plants while
advancing fundamental understanding of solar thermal technologies. The program combines
industry-validated research with cutting-edge methodologies across five thematic areas: sys-
tems engineering and optimisation; autonomous monitoring and predictive maintenance; artifi-
cial intelligence and digital twins; component and sensor prototyping; and thermal engineering
and power generation.

Current research priorities include machine learning optimisation of large-scale heliostat fields,
predictive maintenance using operational plant data, advanced thermal energy storage systems,
and grid integration services. Projects range from immediate operational improvements that
can be implemented within 1-2 years to fundamental research establishing next-generation
CSP technologies.

The research group maintains active collaborations with international CSP research networks
and regularly participates in Horizon Europe programs. Students benefit from industry mentor-
ship, access to commercial plant data, international collaboration opportunities, and potential
for technology commercialisation through the ACWA Power partnership.
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Integrated solar tower receiver thermal control !

The Redstone CSP plant receiver is controlled through two valves,
one per receiver half, responding to multiple temperature indica-
tions, and solar field instrumentation does not feed into receiver
control. The question is whether control informed by the inci-
dent flux distribution would outperform the present temperature-
feedback scheme, and where such control should be implemented
(field flux or receiver flow control) and how. The comparison is
made within a coupled optical and thermal model, so the work
does not depend on plant data access. The output is a demon-
strated concept and a quantified benefit, not a control system.
Objectives Couple a SolarPILOT-based flux model to a receiver
thermal model. Determine the control authority available from
the existing two-valve actuation across representative flux distri-
butions. Evaluate aim-point allocation across the heliostat field as
an alternative or complementary actuator. Establish where flux-
aware control should act: on receiver flow, on field aiming, or on
both. Quantify the improvement available in receiver temperature
uniformity, peak flux margin and freeze margin.

Requirements: none
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PROF MARTIN NIEUWOUDT

Prof Martin Nieuwoudt
mnieuwoudt@sun.ac.za

• Research Field
Biomedical Engineering

• General Description of Research Field
Medical IoT, Machine Learning for Biomedical Imaging, Medical Device Regulation, Biostatis-
tics, Global Health and Epidemiology

Topics MEng MEng PhD Potential

Struct Resrch Funding

Product Lifecycle Management ! ! ! !

Product Lifecycle Management (PLM) for medical devices is a
highly regulated, closed-loop framework that orchestrates a de-
vice’s entire progression from initial ideation and strict design
controls through verification, validation, manufacturing, and post-
market surveillance. Unlike standard manufacturing PLM, medical
device PLM is fundamentally driven by continuous Quality Man-
agement System (QMS) integration, necessitating strict adherence
to ISO 13485 and FDA 21 CFR Part 820, to guarantee end-to-end
traceability, rigorous risk management (ISO 14971), and imme-
diate auditability. Organisations must establish a centralised De-
sign History File (DHF) and maintain a dynamic Device Master
Record (DMR) to create a single source of truth across engineer-
ing, regulatory, and quality teams, thereby preventing compliance
bottlenecks and ensuring patient safety throughout the product’s
operational lifespan.

Requirements: An idea for a medical device that must be com-
mercialised.
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Struct Resrch Funding

Software as Medical Device (SaMD) ! ! ! !

Software as a Medical Device (SaMD) replaces traditional hard-
ware manufacturing phases with continuous software develop-
ment lifecycles, governed by standards such as IEC 62304. This
framework tightly integrates Agile methodologies with rigorous
Quality Management Systems to ensure that rapid iteration cycles
do not compromise patient safety or clinical efficacy. Organisations
must implement automated testing pipelines and enforce strict ver-
sion control to maintain an immutable audit trail, bridging code
commits directly to regulatory requirements. Because SaMD ex-
ists independently of physical hardware, the lifecycle heavily pri-
oritises cybersecurity monitoring, post-market real-world perfor-
mance tracking, and seamless over-the-air updates to ensure ev-
ery software patch undergoes verified risk assessment before de-
ployment. Due to the iterative velocity of modern software devel-
opment, SaMD struggles against legacy phase-gated regulations.
However, modern automated compliance tools enable the conver-
gence of high-velocity Agile development and strict risk traceabil-
ity. This proves that software speed and medical-grade safety are
not mutually exclusive when validation is embedded into the con-
tinuous integration pipeline.

Requirements: A software idea that the student wants to com-
mercialise.

Medical Device Regulation and Quality Management Systems ! ! ! !

Medical device regulation demands that researchers balance ex-
ploratory innovation with strict ethical and legal compliance to
facilitate eventual clinical translation. While early-stage, proof-of-
concept academic research is primarily governed by Institutional
Review Boards (IRBs) or Research Ethics Committees (RECs) fo-
cused on human subject safety and foundational ethics, the land-
scape shifts dramatically once a device enters clinical investigation.
Under modern frameworks like the European Medical Device Reg-
ulation (MDR) or FDA guidelines, any academic study assessing a
device’s clinical performance or safety in humans must adhere to
rigorous regulatory standards traditionally designed for the com-
mercial industry. To successfully navigate this transition and cross
the translational "valley of death" from university laboratories to
clinical readiness, postgraduate researchers are increasingly re-
quired to implement tailored Quality Management Systems (QMS)
within their institutions and undergo mandatory health research
ethics training.

Requirements: An idea that the student wants to commercialise
and needs to navigate the regulatory space.
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PROF WILLIE PEROLD

Prof Willie Perold
wjperold@sun.ac.za

• Research Field
Biosensors

• General Description of Research Field
The Sensor Applications & Nano-Devices (SAND) research group focusses on the development
of sensing devices applicable to human disease (cancer, HIV, TB, Covid, etc.), plant disease,
animal disease and water and soil pollution. The sensors are fabricated in the nanotechnology-
laboratory at Electrical & Electronic Engineering. The research is multidisciplinary by nature.

Topics MEng MEng PhD Potential

Struct Resrch Funding

Development of a Point-of-Care Human milk analyser for pre-
cision neonatal nutrition

!

Human milk is the preferred source of nutrition for premature and
low-birth-weight infants. However, the nutritional composition of
breastmilk varies significantly between mothers, across lactation
stages, and even between individual expressions. Current neona-
tal nutritional management frequently relies on assumed average
breastmilk composition rather than actual measured nutrient con-
tent. Existing human milk analyzers are expensive, centralised in-
struments that are not designed for routine bedside use. This lim-
its the ability of neonatal units to perform real-time individualised
nutritional assessment and targeted milk fortification. This project
describes the development of a handheld point-of-care human milk
analyzer capable of rapidly estimating breastmilk protein, fat, lac-
tose, and caloric content at ward level. The system would use
a disposable sample cartridge, optical sensing technology, predic-
tive algorithms, and clinical decision-support software to generate
results within minutes, allowing clinicians to optimise nutritional
interventions for vulnerable neonates.

Requirements: General engineering and/or biological sciences

Modelling and design of an electrochemical sensor in COMSOL
Multiphysics

!

Recent progress in biosensor development and low-cost potentio-
stat devices has made it possible for hand-held diagnostic devices
to become economically viable. However, the electrodes neces-
sary to use such devices are still prohibitively expensive. This
project would focus on developing an in-depth COMSOL Multi-
physics model of electrochemical sensors and evaluate several low-
cost manufacturing methods for their implications to (bio)sensor
design and production.

Requirements: Engineering and/or science with mathemati-
cal/programming focus
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Struct Resrch Funding

Lithography robot !

Manufacturing of microfluidic chips using SU-8 phtoresist is a
labour-intensive process, requiring many baking and washing
steps that are sources of potential defects in the final device. Most
of these steps are relatively simple and there is significant poten-
tial for automation to increase both the throughput and quality of
the resulting devices. This project is focused on the automation of
the heating/cooling steps of SU-8 processing using a low-cost 3D
printer chassis as framework for automated material handling.

Requirements: Engineering and/or science background with
computer programming

Microfluidic Organ-on-Chip system to model the respiratory
system of insects

!

Insects have a fundamentally different respiratory system com-
pared to other animals. While most animals rely on specialised
exchange surfaces (lungs, gills, etc.), combined with circulatory
transport of oxygen and carbon dioxide, insects largely bypass cir-
culatory gas transport. Instead, their system represents a major
evolutionary shift in respiratory biology, relying less on internal
oxygen-carrying liquids and muscular pumps.
It will be required that the student design, simulate and manufac-
ture a microfluidic organ-on-chip system to mimic the respiratory
system of insects in order to better understand the breathing pro-
cess.
Collaboration with Department of Conservation Ecology and Ento-
mology

Requirements: Engineer and/or background in biological sci-
ences

Photonic biosensor !

Photonic biosensors have recently become much more accessible
as a potential low-cost, high-sensitivity technology for point-of-
care diagnostic tests. These sensors use precision measurement
methods to detect small changes in the optical properties of mate-
rials to quantify concentrations of antibodies, proteins or DNA in
a target sample. This project focuses on developing a standardised
photonic biosensor using lithographic manufacturing methods, as
well as hot-embossing for mass-manufacturing of the resulting sen-
sors.

Requirements: Engineering and/or physics background
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Topics MEng MEng PhD Potential

Struct Resrch Funding

Moth larva viability sensor !

Citrus exports from South Africa are often suspected of harbouring
harmful insects and destroyed, costing farmers millions or rands
in lost income. The False Codling Moth is responsible for many
of these destroyed shipments, and it is their larvae embedded in
citrus fruit that pose a threat to sensitive European ecosystems.
This project is concerned with the development of a test to deter-
mine whether larvae found in shipments are still viable to mature
into adults after arrival, in order to better inform the decision to
destroy such shipments.

Requirements: Engineering and/or science background

Screen printed electrochemical sensor optimisation !

Electrochemical sensors are very common in industrial process
monitoring, water quality monitoring and in healthcare. However,
the reproducible manufacturing of these electrodes is still an open
question, and the ability to predict electrode characteristics be-
fore manufacture with some certainty would enable improvement
of the systems they currently interact with. This project focuses
on the development of an electrochemical sensor printing system
through screen printing, and the optimisation of the electrodes for
use in biosensors.

Requirements: Engineering and/or science background

Nanoparticle microreactor !

Nanoparticles are rapidly changing how many chemical manu-
facturing processes are approached, especially in pharmaceuti-
cal drug discovery and drug delivery. However, development of
nanoparticle carriers can be extremely costly due to their use of
gold and other costly materials. This project focuses on the devel-
opment of a cost-effective nanoparticle manufacturing test bench,
through the use of microfluidics for miniaturisation and automa-
tion.

Requirements: Engineering and/or science background

Design and Characterisation of Patterned Piezoelectric Hy-
drophone Elements

!

Piezoelectric sensors form the core sensing element of underwater
hydrophones and are widely used in passive acoustic monitoring
of marine environments. Our research group requires low-noise,
high-sensitivity hydrophones for monitoring cetacean vocalisations
and marine soundscapes as part of biodiversity assessments.
The aim of this project is to design, model, manufacture and ex-
perimentally characterise patterned PZT-5A piezoelectric sensing
elements (or arrays of elements) optimised for passive underwater
acoustic monitoring. The project will investigate how geometric
patterning influences the sensitivity, frequency response, directiv-
ity and bandwidth of the sensing element, with the objective of
developing hydrophone elements suited to detecting cetacean vo-
calisations and other biologically relevant underwater sounds.

Requirements: E&E/M&M Engineering
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PROF KRISTIAAN SCHREVE

Prof Kristiaan Schreve
kschreve@sun.ac.za

• Research Field
Machine vision; Biomedical Engineering

• General Description of Research Field
I am interested in applications and basic research related to machine vision in industrial and
biomedical engineering environments. My main focus is on dimensional measurements and
accuracy prediction in 3D applications using cameras (e.g. quality control, reverse engineering,
diagnostics, etc.), however the field is also related to applications in robot navigation.

Topics MEng MEng PhD Potential

Struct Resrch Funding

Design Improvement of a Robotic Laparoscopic Camera Posi-
tioning System

! !

Dr Diayar developed a 5-degree-of-freedom (DoF) robotic laparo-
scopic camera positioning system. The novel design ensures a sim-
ple one-to-one correspondence between motors and four of the
DoFs by ensuring that the laparoscope pivots at the abdominal
port, while the fifth DoF is adjusted through image-based control.
The device was tested by practising surgeons in a training labora-
tory with promising results.
Further development is needed to bring the device closer to clin-
ical readiness. For example, the device must be sterilisable, or at
least designed in such a way that the exposed components can be
sterilised and other components can be isolated. The stiffness of
the device needs to be improved to make sure that a stable im-
age can always be obtained. A method for setting up the device
in a way that ensures that the pivot point of the laparoscope is at
the abdominal port is needed. A user-friendly way to insert and
remove the laparoscope before, during and after the surgical pro-
cedure is needed. Temporary or permanent methods of modifying
the laparoscopic instruments to allow them to be compatible with
the device’s computer vision system are needed. Practical aspects
such as the method of transporting the device into the operating
theatre and setting it up in a way that does not impede the staff’s
working space should be considered.
The revised device needs to be systematically tested in a labora-
tory. The purpose of the testing is to show the ability of the device
to reliably track the laparoscopic instruments and to show that the
design of the device, incorporating the aforementioned considera-
tions, is practically viable.
Controlled versions of the device’s design data need to be created
so that further development of the device will be possible.
Ideally, the end product for this design iteration must also be us-
able during an open day for visitors to get a realistic laparoscopic
experience from a surgeon’s perspective!
This project will be co-supervised by Dr Diayar.
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Topics MEng MEng PhD Potential

Struct Resrch Funding

Requirements: Programming experience, preferably python.
Mathematics.

Abdominal Wall Closure Device ! !

After a laparotomy, the abdominal wall is usually closed again but
in certain instances, this is not possible due to excessive swelling
of the intestines and retraction of the abdominal wall musculature.
This is termed an “open abdomen”. The intestines are usually pro-
tected with a negative pressure wound therapy (NPWT) dressing
system.
Sometimes the abdomen can be closed once the intestinal swelling
subsides but more often than not the abdominal wall musculature
has retracted and cannot be pulled together to close the abdomen,
requiring the surgeon to place a skin graft on the intestines. This
leaves the patient with a massive hernia, which will need to be
fixed at a later stage, with considerable difficulty and risk of per-
forating an intestine when removing the graft.
Purpose of Prof Kairinos’ invention:
To provide for a modification of the NPWT system that facilitates
closure of the abdomen when the intestinal swelling has subsided.

Requirements: Programming background, preferably python.
Electronics background, preferably with Arduino or Raspberry Pi.

Sterilisation of 3D Printed Biomedical Devices ! !

The Institute for Biomedical Engineering was involved in the de-
velopment of several 3D printed biomedical devices. The current
development level is at a very early stage. A next step of the de-
velopment will be to investigate the sterilisation of these devices.
Some of the devices are an intraosseous needle holder, an anti-
rotation leg-traction device, an abdominal would closure device
and heart stents. Previous projects did not consider sterilisation.
This project will have to investigate sterilisation requirements per
device, appropriate processes, regulatory considerations, and pos-
sibly redesign of the device(s) for sterilisation. Should this topic be
taken as a research masters, design-for-sterilisation of 3D printed
biomedical devices guidelines must be developed, using the above
mentioned devices as case studies.

Requirements: CAD (or the willingness to learn CAD)
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Quality Management System for Remotely Manufactured 3D
Printed Biomedical Devices

! !

One of the research goals of the Institute for Biomedical Engineer-
ing (IBE) is to develop products and process to assist rural hospi-
tals. 3D printing could be a way to give these hospitals access to
devices that serves their unique needs in an affordable way. How-
ever, remote manufacturing of the devices brings a challenge to
the quality management of such devices. Safety and effectiveness
must be ensured and therefore any device must be manufactured
according to the design specifications and this must be verified
before the device is used. Furthermore, biomedical devices are
subject to regulatory controls that place stringent requirements on
quality management systems. This project will investigate the de-
sign of a compliant quality management system that will enable
remote manufacturing of 3D printed devices given the above men-
tioned context. The project will use case studies of existing de-
vices developed by the IBE, e.g. an intraosseous needle and an
anti-rotation traction device.

Requirements: It will be required to do the Biomedical Engineer-
ing Design 874 and Biomedical Regulations 874 modules.

Quality Management System for Biomedical Device Develop-
ment in the Institute for Biomedical Engineering

! !

The Institute for Biomedical Engineering (IBE) is involved in sev-
eral biomedical device design projects. We also offer modules in
biomedical device design and biomedical regulations. Biomedi-
cal product development is a highly regulated process and engi-
neers in practice often find the transition from university to prac-
tice challenging due to the requirements set by regulators, and the
lack of exposure to this environment at university. A major com-
ponent, and fundamental requirement for almost all biomedical
device development, is that a developer must have an approved
quality management system (QMS). This is normally required to
adhere to the ISO 13485 standard. Risk management according to
ISO 14971 is normally integrated into this as well. In this project,
an QMS must be developed for the IBE for use in student projects.
It must be open source so that future students can expand and
refine the system as needed. It must also be open so that the struc-
ture and components of the system is visible to students doing the
biomedical regulations module. It must integrate as far as possible
using existing infrastructure and systems used in Stellenbosch Uni-
versity (e.g. SharePoint). The initial scope of the project will not
cover all components of ISO 13485, since not everything is cur-
rently relevant to the IBE, but it must be designed for expansion.
The design of a biomedical device (to be identified) will be used
as a case study to test the QMS.

Requirements: The student doing this project will be required to
do the biomedical engineering design 874 and biomedical regula-
tions 874 modules.
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Reimbursement Methodology for Biomedical Devices in South
Africa

! !

Reimbursement for biomedical devices is about payment for the
device. This is not as straight forward as is sounds, since the payers
are often big institutions (national government, local government,
medical insurers). They all have complex coverage policies for re-
imbursing medical expenses and this is dependent on biomedical
regulations, specifically biomedical coding. This will determine to
a large extent the price that can be charged for a biomedical de-
vice. Therefore it is very important to consider the reimbursement
strategy early in the design phase. The target market will deter-
mine the payer and their policies will place limits on what can be
charged for the device. The design team needs this information
in order to ensure that a viable device is designed. In this project,
the regulatory and payer landscape in South Africa will be studied.
This will be used to develop a generic methodology to develop re-
imbursement plans. Case studies of existing biomedical devices
development by the Institute for Biomedical Engineering will used
to develop and test the methodology.

Requirements: The student doing this project must take the
biomedical engineering design 874 and biomedical regulations
874 modules.
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Mnr Wayne Swart
wswart@sun.ac.za

• Research Field
Biomedical Engineering

• General Description of Research Field
Biomedical engineering encompasses many fields of research, including biomechanics predom-
inantly for orthopaedic applications, implant design, prosthetics, diagnostic devices and tech-
nology that supports therapeutic applications. The Biomedical Engineering Research Group
(BERG) have strong ties with various practitioners at Tygerberg campus, most notably in the
fields of orthopaedics and psychiatry. We also strive for continual industry engagement with
various companies with different specialties.

Topics MEng MEng PhD Potential

Struct Resrch Funding

Socio-economic Impact of Patient Loads !

Within the context of the South African healthcare system, trauma
is of a high incidence rate. Although the socio-economic impact of
high patient loads is widely acknowledged within the healthcare
system, it remains quantitatively undefined. The need therefore
exists to express the costs related to several practices to inform ef-
fective scaling of intervention- and health care technologies. This
project will focus on practices related to fracture treatment, such
as re-admissions, secondary operations and non-unions. Factors
like increased complexity and extended hospital stay as well as
cost increase due to specialised fixation product may also be in-
vestigated. The objective of the project is to identify validated
quantitative measures to describe socio-economic impacts on the
different stakeholders associated with fracture treatment to enable
informed decision making about effective scaling of intervention
technologies.

Requirements: N/A

Development of a decision matrix for fracture treatment pro-
cedures

!

The purpose of this study is to create a framework describing a
typical healing process related to fracture treatment. This should
include all possible parameters influencing the healing process, in-
cluding temporal weighting. The objective of the study is to sup-
port health care providers by providing them with a decision ma-
trix for optimizing healing time by highlighting the most promi-
nent health risk factors at any given stage of treatment. Candidates
should take note that this thesis will be literature focused. This
project may include ethics application for translating real world
patient data to inform said model.

Requirements: N/A
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Optimal strain for the treatment of humeral non-union: a
biomechanical analysis of different fixator construct configu-
rations

!

Humeral shaft fractures are common orthopaedic injuries. While
many cases can be managed conservatively, complex fractures may
require surgical fixation. Should no progressive radiological heal-
ing be observed by 6 months post-surgery, “non-union” has oc-
curred and further treatment is indicated. Patients with non-union
frequently experience prolonged pain and disability, absence from
work, and reduced quality of life, highlighting the importance of
effective treatments for this condition.
Existing treatments for humeral non-union have shown only lim-
ited success. New techniques are needed to improve the prognosis
of patients with this condition, especially in cases where an initial
non-union treatment has failed. One such novel approach was de-
veloped by Dr Franz Birkholtz, an orthopaedic surgeon and recon-
struction specialist currently practicing at Mediclinic Winelands
Orthopaedic Hospital in Stellenbosch. To our knowledge, this is
the first humeral non-union treatment that incorporates an exter-
nal fixation device in addition to an internal fixation plate. The
external fixator is intended to provide additional mechanical sta-
bility around the fracture site, relieving some of the mechanical
stress on the damaged tissues and promoting conditions for heal-
ing. Several patients have been successfully treated with this plate-
external fixator construct. However, the construct has not under-
gone biomechanical testing and it is unclear which configuration
of the external fixator frame and plate would produce the opti-
mal strain environment for bone healing at the fracture site. The
research question: Which configuration of the fixator frame and
plate construct optimizes strain across a fracture site for humeral
bone healing?

Requirements: BEng Mechanical / Mechatronic
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Application of 3D markerless motion capture system !

Accurate three-dimensional movement analysis can provide useful
insight into gait and biomechanics and in so doing serve as a use-
ful tool to monitor progress in rehabilitation of post-op patients or
individuals recovering from This project will build on an existing
lower limb motion capture system that was developed and vali-
dated in collaboration with a local collaborator in the healthcare
industry. The existing markerless motion capture system makes
use of ground up designed image processing algorithms as opposed
to the commonly applied deep learning black box techniques that
cannot speak to accuracy through validation since markers exist
within the training data. This novel tracking approach has estab-
lished confidence that lower cost, small scale systems may be de-
ployed successfully in clinical settings to serve as a useful tool for
physicians in relation to rehabilitation and follow ups. The objec-
tives of the project going forward are to expand the motion capture
capabilities to apply to clinical applications, such as tracking pa-
tients incumbered by external fixation and patients with other or-
thopaedic pathologies. The successful candidate will have to learn
new skills such as machine vision, and apply skills and knowledge
such as electronics design, measurement theory and experimental
design, acquired in undergraduate studies.

Requirements: Programming background
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• Research Field
Generative Design, Machine Learning, Material Modelling, Soft Robots and Inflatables, simula-
tion of biomaterials

• General Description of Research Field
I am interested in computational methods as part of the design process. This allows us to share
the burden of making design decisions that can become complex, like biologically inspired ar-
tificial creatures and inflatable structures. Over the past few years, I have been exploring the
potential applications of compliant and selectively reinforced materials in the fields of pressure-
rigidised structures and soft robotics. In addition, our research group is interested in combining
powerful non-linear simulation tools, such as finite element methods, with the ever more im-
portant field of machine learning in a modern generative design approach.

This is a multidisciplinary field taking elements from several computational fields. Researchers
in this area will develop non-linear finite element methods, numerical design optimisation,
programming and machine learning skills. Much of what we do requires insightful experiment
planning in tandem with advanced tools to deal with large volumes of data. This new field is
open to exploration, which can be both challenging and rewarding.
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Development of a Deployable Inflatable Safety Device for Im-
pact Protection in Paragliding

! !

The Challenge of Balancing Safety and Utility in Paragliding
Paragliding is a sport that balances exhilaration with calculated
risk. A critical piece of equipment is the harness, which provides
a comfortable seat for the pilot and, in many cases, a layer of im-
pact protection. However, a significant design trade-off exists: tra-
ditional protective harnesses use bulky foam or rigid plates that
provide a good level of safety but are heavy and difficult to pack,
while lightweight alternatives, favoured by performance and ad-
venture pilots, offer minimal to no impact protection. This forces
pilots to make a difficult choice between safety and utility, poten-
tially exposing them to a higher risk of injury during an emergency
landing or unexpected impact.
This project addresses this fundamental compromise by developing
an innovative, deployable inflatable safety device. The goal is to
create a system that remains compact and lightweight during nor-
mal flight but can be rapidly inflated to provide superior protection
on demand. By leveraging modern materials and sensor technol-
ogy, this research aims to create a new paradigm in paragliding
safety, reducing injury rates while preserving the freedom and util-
ity that pilots desire.
Research Aims and Objectives The primary goal of this research
is to design, prototype, and validate a deployable inflatable safety
system that provides enhanced impact protection for paragliding
pilots. The specific objectives are: Objective 1: Design a Reliable
Deployment Mechanism. The student will investigate and design
a mechanism for the rapid inflation of the safety device. This will
involve the integration of impact sensors (e.g., accelerometers) to
detect a crash scenario and a system for rapid inflation, such as
a compressed gas cylinder or a pyrotechnic inflator. The student
will also design a manual override for pilot activation. Objective 2:
Optimise Inflatable Chamber Geometry. The student will use com-
putational modelling (e.g., Finite Element Analysis) to design and
optimise the geometry of the inflatable chambers. The goal is to
maximise the protective coverage of critical body areas while min-
imising the required gas volume and ensuring the structure main-
tains its shape under impact loads. Objective 3: Identify Suitable
Materials and Develop a Prototype. The student will research and
identify lightweight, durable, and highly packable materials for the
inflatable device. This will involve material testing to assess tensile
strength, abrasion resistance, and airtightness. A functional pro-
totype will then be developed, integrating the inflatable chambers
and the deployment mechanism into a harness or a separate mod-
ule. Objective 4: Validate Performance through Controlled Testing.
The student will conduct controlled impact tests on the prototype.
This will involve using a test dummy to simulate crash scenarios
and measuring key safety metrics, such as peak acceleration and
impact force, to evaluate the system’s effectiveness. The results
will be compared against the performance of a traditional foam-
based harness. Objective 5: Integrate with Harness Ergonomics.
The project will ensure the final system is not just safe but also
practical. The student will consider the ergonomics and comfort
of the pilot, ensuring the deflated device can be integrated into an
existing harness design.
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Requirements: Students who thrive in the project will enjoy
multi-physics simulation, programming, practical experiments and
design.

Computational Design of Novel Soft Sensors ! ! !

The Challenge of Designing Soft Sensors Soft sensors, inspired
by biological systems, are highly sought after for their ability to
conform to complex shapes and interact safely with delicate and
irregular surfaces. They have applications in various fields, in-
cluding robotics, healthcare, and wearable technology. However,
designing soft sensors with desired sensing properties and perfor-
mance remains a significant challenge. The relationship between
a sensor’s geometry, material properties, and its sensing output is
highly complex and non-linear, making traditional design methods
of trial-and-error inefficient and time-consuming.
This project addresses this challenge by proposing a computational
design approach. By leveraging numerical optimisation and Finite
Element Analysis, we can move beyond physical prototyping as
the primary design tool, enabling rapid iteration and performance
evaluation of sensor designs in a virtual environment. This will
not only accelerate the pace of innovation but also allow for the
discovery of novel sensor geometries and material arrangements
that would be difficult to conceive of through intuition alone.
Research Aims and Objectives The primary goal of this research
is to develop and validate a computational framework for the de-
sign and optimisation of novel soft sensors. The specific objectives
are: Objective 1: Characterise Material and Sensing Properties.
This objective will involve a comprehensive literature review and,
if possible, experimental testing to characterise the mechanical and
sensing properties of common soft sensor materials. This data will
be crucial for building accurate and representative numerical mod-
els. Objective 2: Develop a Computational Design Framework. A
core part of this project is the creation of a working framework that
integrates FEA simulations with optimisation algorithms. The stu-
dent will model the deformation and strain distribution of soft sen-
sor designs under various loading conditions. This framework will
be used to explore and identify optimal sensor designs based on
specific performance criteria (e.g., sensitivity, resolution). Objec-
tive 3: Explore Machine Learning Integration. This objective will
investigate how machine learning techniques can be integrated
into the design process. The student will explore using datasets
generated from FEA simulations to train machine learning models.
This could enable the rapid prediction of sensor performance for
untested designs, significantly accelerating the optimisation pro-
cess. Objective 4: Validate Optimised Designs. A limited number
of the computationally optimised sensor designs will be fabricated
and tested in a laboratory setting. The experimental data will be
compared with the simulation results to validate the accuracy of
the computational framework and demonstrate the effectiveness
of the optimised designs.
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Requirements: Students who will thrive in this project will have
an interest in structural simulation, programming and providing
practical solutions to abstract problems.
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Modelling Growth and Remodelling of Bone using Peridynam-
ics

! !

The Challenge of Modelling Living Tissue Bone is a remarkable liv-
ing tissue that actively adapts to its mechanical environment. For
example, a tennis player’s dominant arm often shows increased
bone density, a process known as remodelling, in response to the
stresses of the sport. Similarly, when a fracture occurs, the bone
undergoes a complex healing process involving both growth (the
addition of new mass) and remodelling (the change of material
properties) over time. Modelling these biological processes is a
significant challenge for traditional engineering methods, which
typically assume a static material. Capturing the interplay between
mechanical loads and biological adaptation is crucial for applica-
tions such as predicting fracture healing, optimising implant de-
sign, and understanding diseases like osteoporosis.
This project will tackle this challenge by using Peridynamics, a
novel computational method particularly well-suited for modelling
fracture and material evolution. Unlike traditional Finite Element
Analysis, which relies on local interactions, Peridynamics is a non-
local theory that considers the forces between particles at a dis-
tance. This makes it inherently better at handling discontinuities,
such as cracks, and changes in material properties, making it an
ideal tool for modelling the dynamic processes of bone growth and
remodelling. The project will investigate how to incorporate the
effects of mechanical stimuli into a peridynamic model, moving us
closer to a powerful predictive tool for biomechanical applications.
Research Aims and Objectives The primary goal of this research
is to develop and validate a peridynamic computational model for
simulating bone growth and remodelling. The specific objectives
are: Objective 1: Model the Mechanical Behaviour of Bone. The
student will first develop a baseline peridynamic model to simu-
late the mechanical behaviour of bone, including its elastic and
fracture properties. This will serve as a foundation for incorporat-
ing growth and remodelling. Objective 2: Integrate Growth and
Remodelling Mechanisms. The student will investigate and imple-
ment algorithms within the peridynamic framework to simulate
the bone’s adaptive response to mechanical loads. This will in-
volve incorporating biological rules (e.g., Wolff’s Law) to govern
how bone density and material properties change over time in re-
sponse to stress and strain. Objective 3: Investigate the Role of
Configurational Forces. This objective will explore the use of ad-
vanced theoretical concepts, such as configurational forces, within
the peridynamic model. The student will investigate whether these
forces can provide a valuable metric for predicting where material
changes or growth should occur, offering a powerful new insight
into the modelling process. Objective 4: Validate the Model against
Existing Data. The final step will be to validate the computational
model against existing experimental or clinical data. This may in-
volve simulating the remodelling of bone under a known loading
condition (e.g., simulating a tennis player’s arm) or the healing
process of a simple fracture and comparing the model’s predictions
with the known outcomes.
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Requirements: The student who will flourish in this project
will have some understanding of mechanics, mathematics and pro-
gramming.
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Smart Gyms: Leveraging Exercise Science for Next-Generation
Training Technology

! !

The Challenge of Personalising Exercise Technology The fitness
and sports industries are experiencing an explosion of data-driven
insights from exercise and sports science. We now have a deeper
understanding of the biomechanics, physiology, and neurological
adaptations that drive strength and muscle growth. However, this
growing body of scientific knowledge is not yet fully integrated
into the design of gym equipment. Most "smart" fitness tech-
nologies today are dominated by software solutions, but fail to
leverage advanced training principles and scientifically optimised
equipment.
This project aims to bridge this gap by designing and developing
new "smart" gym technologies that are directly informed by mod-
ern exercise science. We will move beyond simple data tracking
and create a system that can adapt to a user’s unique physiology,
goals, and performance in real time. This will maximise efficiency
and results and reduce the risk of injury.
Research Aims and Objectives The primary goal of this research is
to design and develop a prototype of a smart gym system that inte-
grates advanced exercise science principles. The specific objectives
are: Objective 1: Review and Synthesise Exercise Science Princi-
ples. The student will conduct a comprehensive literature review
to identify key principles from sports and exercise science that are
relevant to training for strength and hypertrophy. This includes
concepts such as variable resistance, time under tension, concen-
tric vs. eccentric loading, and adaptive rep/set schemes. Objec-
tive 2: Develop a Sensor and Actuator Framework. The student
will design and build a prototype of a smart gym machine (e.g.,
a smart dumbbell, a variable resistance cable machine). This will
involve selecting and integrating a combination of sensors (e.g.,
accelerometers, load cells, encoders) to measure movement and
force in real-time, as well as actuators (e.g., motors, clutches, mag-
netic brakes) to dynamically adjust resistance. Objective 3: Imple-
ment Intelligent Control Algorithms. The core of the project is the
development of a control system that can apply the scientific prin-
ciples identified in Objective 1. This could involve using feedback
control loops to maintain a specific time under tension, or imple-
menting algorithms that automatically adjust weight or reps based
on the user’s fatigue and performance. Machine learning tech-
niques could be used to create an adaptive training model that
learns a user’s unique biomechanics over time. Objective 4: Vali-
date the Prototype’s Effectiveness. The final step is to validate the
prototype’s performance through a series of pilot studies. The stu-
dent will compare the effectiveness of the "smart" training system
to traditional training methods by measuring key metrics such as
force output, time under tension, and user feedback on perceived
exertion and satisfaction.

Requirements: Students who will thrive in this project will have
an interest in biomechanical simulation and programming.
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Designing Architected Lattice and Foam Structures ! ! !

The Challenge of Designing Architected Lattice and Foam Struc-
tures: Lattice and foam structures have emerged as a promising
class of architected materials, offering unprecedented flexibility in
tailoring localised mechanical properties. By strategically altering
internal geometry, these structures achieve exceptional strength-
to-weight ratios, targeted compliance, and custom energy absorp-
tion—capabilities that far exceed those of conventional solid ma-
terials. However, designing these cellular networks to achieve pre-
cise, prescribed mechanical behaviours remains immensely chal-
lenging. The complex interplay between topology, microstructural
distribution, and severe manufacturability constraints creates a
high-dimensional design space where intuitive methods fail.
Currently, realising a specific stiffness field across a structural do-
main relies on fragmented design processes and manual itera-
tion. While additive manufacturing offers the geometric freedom
to fabricate complex periodic and aperiodic arrangements, trans-
lating abstract performance requirements into manufacturable, op-
timised cellular topologies remains a major bottleneck. Finite Ele-
ment Analysis is often used to evaluate a completed lattice or foam
design after the fact, but computational tools are rarely used to au-
tomatically synthesise topology directly from a continuous target
stiffness field. This research aims to bridge this gap by establish-
ing an automated, integrated computational pipeline that directly
translates prescribed stiffness distributions into optimised, physi-
cally realisable cellular geometries.
Research Aims and Objectives The overarching goal of this re-
search is to develop, implement, and validate a unified computa-
tional pipeline that enables the automated design and generation
of lattice and foam structures with prescribed stiffness fields tai-
lored for advanced additive manufacturing. The specific objectives
are:
Objective 1: Establish a parametric framework for stiffness field
mapping and topology generation. Investigate and formulate
computational algorithms—combining parametric modelling and
topology optimisation—capable of mapping prescribed regional
stiffness targets into both periodic and aperiodic lattice/foam ar-
rangements. The output will be a robust digital design toolchain
that outputs precise, fabrication-ready geometric representations.
Objective 2: Develop and integrate multi-scale numerical simula-
tion methodologies. Implement high-fidelity Finite Element Anal-
ysis models to simulate the mechanical response, local stress dis-
tribution, and deformation behaviour of the optimised cellular ar-
chitectures under prescribed loading conditions. The output will
be a repeatable simulation workflow that iteratively refines struc-
tural topology while accounting for non-linearities and material
constraints.
Objective 3: Incorporate manufacturability constraints and vali-
date against physical specimens. Integrate additive manufacturing
design rules (such as minimum feature size, overhang limits, and
material limits) into the design pipeline, then fabricate and test
representative physical prototypes. The output will be a quan-
titative assessment comparing physical mechanical performance
against numerical predictions to confirm the pipeline’s real-world
accuracy.
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Requirements: Students who will thrive in this project will be
interested in structural simulation, programming, and providing
practical solutions to abstract problems.
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• Research Field
Biomedical Engineering/Orthopaedic Surgery

• General Description of Research Field
Low cost 3D Printing for pre-operative surgical planning and training, at tertiary and secondary
level hospitals: Clinician friendly ’plug-ins’ for 3D Slicer (https://www.slicer.org/). The aim
for this project is to develop software plugins to help clinicians at Tygerberg hospital or Worces-
ter hospital with segmentation and/or surgical planning with/or without patient specific guide
creation. Student that will enjoy this project: someone who knows how to code with python,
can familiarize themselves with medical image segmentation to create anatomical models and
are familiar with how commercially available 3D Printers work.

Topics MEng MEng PhD Potential

Struct Resrch Funding

Low cost 3D Printing for pre-operative surgical planning and
training, at tertiary and secondary level hospitals: Clinician
friendly ’plug-ins’ for 3D Slicer

!

Low cost 3D Printing for pre-operative surgical planning and train-
ing, at tertiary and secondary level hospitals: Clinician friendly
’plug-ins’ for 3D Slicer (https://www.slicer.org/). The aim
for this project is to develop software plugins to help clinicians
at Tygerberg hospital or Worcester hospital with segmentation
and/or surgical planning with/or without patient specific guide
creation.

Requirements: Student that will enjoy this project: someone who
knows how to code with python, can familiarize themselves with
medical image segmentation to create anatomical models and are
familiar with how commercially available 3D Printers work.

Low cost 3D Printing for pre-operative surgical planning and
training, at tertiary and secondary level hospitals: Clinician
friendly ’plug-ins’ for Blender.

! !

The aim for this project is to develop software plugins to help clin-
icians at Tygerberg hospital or Worcester hospital with segmen-
tation and/or surgical planning with/or without patient specific
guide creation. This falls under a group of projects to enable clin-
icians in state hospitals, with software and 3D Printing solutions.
Very clinical project, will spend time identifying stakeholders and
defining their requirements.

Requirements: A student that will enjoy this: Software and cod-
ing background, specifically Python, and applying biomedical en-
gineering design principles to design healthcare worker centered
solutions. Life sciences background might help understanding con-
text.
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Virtual planning and training of orthopaedic surgery proce-
dures in a resource limited setting.

! !

The aim is to use biomedical design principles to investigate a vir-
tual surgery planning/training system at a tertiary level hospital.
This project falls under a group of projects to enable clinicians in
state hospitals in South Africa with software and additive manufac-
turing solutions. Existing work includes a developing 3D Planning
and clinical 3DPrinting collaboration with Groningen University
in the Netherlands and Ortho 3DPrinting lab at Tygerberg Hospi-
tal. Very clinically orientated project, time will be spent identify-
ing relevant stakeholders, functional requirements of the solution,
critical appraisal of existing technology to tailor make the ideal
solution.

Requirements: The student that will enjoy this project will prob-
ably be from a life sciences background, with an interest to upskill
in software, soding and hardware. Will have to develop insight
into clinical context of the clinicians.
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• Research Field
Computational Mechanics

• General Description of Research Field
This field involves the modelling and simulation of mechanical problems. The field comprises
of three parts: modelling, numerical implementation and computational implementation. The
appropriate equations and boundary conditions need to be identified/developed to capture the
physics of a system. It is often difficult to find analytical solutions for these problems, and
numerical methods such as the finite element method is used to solve the equations. These
problems can not be solved by hand and should be solved computationally. Depending on the
problem at hand commercial software may or may not be useful.

Topics MEng MEng PhD Potential
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Investigating the role of blood flow in bone remodeling using
computational mechanics

! !

The mechanical environment of bone influences how it remodels.
This is done through mechanosensing - a process by which skele-
tal cells detect physical forces and convert them into biochemi-
cal signals to drive bone remodeling. Bone is highly vascularized.
Despite its rigid appearance, it is a living tissue with an exten-
sive blood network that supplies oxygen, removes waste, supports
fracture repair, and houses bone marrow. The role of blood flow in
fracture healing, and diseases such as osteoporosis is significant.
During bone healing, blood flow increases dramatically to fuel tis-
sue repair, while osteoporosis is directly linked to decreased blood
flow and vascular aging. In this project computational models will
be used to investigated the interplay between the mechanical en-
vironment (loading conditions) of bone, blood flow in bone and
bone remodeling.

Requirements: This project requires a student with broad inter-
ests including mechanics, mathematics, coding and problem solv-
ing.

Peridynamic model of rupture in soft tissue ! !

Soft tissue such as muscles and tendons is subjected to large de-
formations. To model rupture in these soft materials is a chal-
lenge. Peridynamics is a non-local continuum mechanics frame-
work originally developed to overcome challenges that classical
continuum mechanics encounter when modelling discontinuities,
such as damage and fracture. The aim of this project is to extend
an in-house peridynamic code to include rupture of the material
based on configurational forces and the J-integral.

Requirements: Students should have some background in me-
chanics and an interest in mathematics and programming.
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• Research Field
Data-informed endoprosthesis design and biomechanical testing systems

• General Description of Research Field
The World Health Organization recognizes precision medicine as a way to improve treatment
through personalized interventions [1]. In situations where surgical intervention is required,
additive manufacturing technologies enable complex, hierarchical implant geometries based on
patients’ imaging data [2]. The resulting possibilities offered by a preponderance of data, com-
pute, and manufacturing capabilities results in large, multimodal analysis (problem), synthesis
(solution), and evaluation (critique) feature spaces to explore. Therefore, the focus of this
work is to develop tools and technologies that facilitate high-rate, effective discovery research
within these feature spaces, with the aim of benefiting personalized healthcare. This will be
achieved through leveraging medical image processing [3], computational design, modelling
and simulation [4], and general biomechanical test systems [5].

References:

[1] Board, E., 2026. Executive Board 158th session, Geneva, 2-6 February 2026: resolutions
and decisions, annexes (No. EB158/2025/REC/1).

[2] Misir, A., 2025. Current developments in orthopaedic implant technology. Journal of Or-
thopaedic Surgery and Research, 20(1), p.927.

[3] Heimann, T. and Meinzer, H.P., 2009. Statistical shape models for 3D medical image seg-
mentation: a review. Medical image analysis, 13(4), pp.543-563.

[4] Vafaeefar, M., Moerman, K.M., Kavousi, M. and Vaughan, T.J., 2023. A morphological,
topological and mechanical investigation of gyroid, spinodoid and dual-lattice algorithms as
structural models of trabecular bone. Journal of the Mechanical Behavior of Biomedical Mate-
rials, 138, p.105584.

[5] Zhao, G., Yang, Y., Su, B., Gao, H., Zou, P., He, T., Tian, Y., Ji, S., Liu, D., Luo, R. and Xu,
X., 2026. Development of a Multiaxial Loading Device for Mechanical Property Testing. IEEE
Transactions on Instrumentation and Measurement, 75, pp.1-11.
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Analysis, synthesis and evaluation framework for endopros-
thesis research

! ! ! !

Topics related to medical image processing for modelling and re-
construction of bony anatomy:
- Comparison between Statistical Shape Model and Variational
Auto Encoder parameterization for shape prediction and represen-
tative cohort sampling.
- Semi-automated, robust Statistical Shape Modelling for estimat-
ing missing mandible geometry during forensic craniofacial recon-
struction.
- Development of a multimodal statistical shape, structure and in-
tensity model for multiscale prediction of bone density, structure,
and shape.
Topics related to modelling and simulation of mechanical metama-
terials:
- Semi-automated template mapping for Finite Element Model-
based failure analysis of craniofacial implants.
- Functional stochastic lattice generation for large bone defect re-
construction.
- Lattice Boltzmann simulation for the characterization of porous
metal antibiotic eluting reservoirs.
Topics related to general multiaxial biomechanical test systems:
- Development of a virtual, in-the-loop soft tissue temporo-
mandibular joint model for a Gough-Stewart parallel robotic ma-
nipulator.
- Modelling, simulation and Fuzzy Neural Network control of a
Gough-Stewart robotic manipulator for replicating biomechanical
conditions of the temporomandibular joint.
- Topology optimization of a Gough-Stewart moving platform sub-
ject to physiological loading conditions.

Requirements: Various, project dependent, including engineer-
ing design, scientific computing, modelling, control, finite element
analysis, mechatronics, and statistics.
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