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	EPSRC 2025 VACATION INTERNSHIP PROGRAMME

	



[bookmark: _Hlk156823977]The University, in conjunction with EPSRC, has a number of summer vacation internship awards available for undergraduate students.  The vacation internship scheme gives undergraduate students a taster of what it is like to do research. The students are given practical, first-hand experience of working on and carrying out research in a UK university.  The awards are aimed at undergraduate students in the middle years of their degree programme (i.e. have completed their 2nd year of study on a 3 year degree course, or have completed their 2nd or 3rd year of study on a 4 year degree course) who are undertaking their degree in a subject that falls within the remit of EPSRC (https://www.epsrc.ac.uk/research/ourportfolio/). The scheme may not be used as a bridge between the undergraduate degree and PhD or other work.  Students currently in their final year who will have completed their degree by the summer and are due to graduate in July 2025 are not eligible for this scheme. Students must be based on Liverpool main campus (International students’ visas must permit summer placement work in the UK).    

[bookmark: _Hlk156824096]Application forms should be completed and returned by email to (pgrstudentships@liverpool.ac.uk) no later than 4.30pm on Monday 10th February 2025.  Successful applicants will be employed as interns and receive a minimum payment rate equivalent to the National Living Wage for a period of up to ten weeks.  

The following research projects are being offered by the School of Electrical Engineering & Electronics and Computer Science, School of Physical Sciences, and the School of Engineering: 

School of Electrical Engineering & Electronics and Computer Science

DEPARTMENT OF ELECTRICAL ENGINEERING & ELECTRONICS

1. Project Title: Deep Learning-based Device Authentication for Internet of Things

Supervisors:  Dr Junqing Zhang (Department of Electrical Engineering and Electronics) junqing.zhang@liverpool.ac.uk

[bookmark: _Hlk187312636]Description:  Overview
There have been many notorious wireless attacks in recent years, in particular on low-cost Internet of Things devices. Device authentication is essential for allowing legitimate devices to access the network while declining malicious users. Conventional schemes rely on MAC addresses, which are not secure; the MAC addresses can be tampered with easily even by amateurs. A secure yet lightweight device authentication scheme is thus strongly required. 
Similar to the biometric fingerprints of human beings, wireless devices also have their intrinsic features, termed radio frequency fingerprint (RFF). Therefore, RFF identification can be used to classify wireless devices based on the received signals [1]. 
This project aligns with the EPSRC information and communication technologies (ICT) research theme.

Objective
This intern project will investigate RFF identification and build a prototype system. Depending on the student's interest, the project will investigate one of the following protocols: WiFi, ZigBee, Bluetooth, and LoRa. 

Expected Procedures 
Conduct a literature review into RFF identification.
Learn IoT protocols. 
Learn deep learning methods such as CNN.
Build a software-defined radio (SDR)-based prototype system.

Besides the supervision from the supervisor, the student will be assisted by a PhD student who is working in this area. Sufficient and efficient supervision will thus be provided.
The supervisor’s team has done abundant research in the area hence the student will be well supported.

Requirements
Strong interests in wireless communications and security
Strong Python/Matlab programming skills.

Reference
[1] Guanxiong Shen, Junqing Zhang, Alan Marshall, Linning Peng, and Xianbin Wang, “Radio Frequency Fingerprint Identification for LoRa Using Deep Learning,” IEEE Journal on Selected Areas in Communications, vol. 39, no. 8, pp. 2604 - 2616, 2021

2. Project Title: Deep Learning-based WiFi Sensing

Supervisors:  Dr Junqing Zhang (Department of Electrical Engineering and Electronics) junqing.zhang@liverpool.ac.uk

Description:  Overview

In recent years, there has been a surge of research interest in Wi-Fi sensing systems. The widespread availability of Wi-Fi in consumer electronics, such as laptops, smartphones, tablets, wearable devices, and smart home appliances, has been a key factor driving this trend. The potential of Wi-Fi sensing has inspired various applications, ranging from large-scale movements, such as human activity recognition, fall detection, and gait recognition, to small-scale movements, such as gesture recognition, sign language recognition, and vital sign detection. These applications offer practical benefits in daily life. For instance, gesture recognition can facilitate human-computer interaction and smart home control, enabling seamless device management [1]. 

This project aligns with the EPSRC information and communication technologies (ICT) research theme.

Objective
The proposed intern project aims to study Wi-Fi sensing systems and develop a prototype system. 

Expected Procedures 
Conduct a literature review into Wi-Fi sensing
Learn IEEE 802.11 protocols. 
Learn deep learning methods such as CNN, LSTM, and transformer.
Build a software-defined radio (SDR)-based prototype system.
Besides the supervision from the supervisor, the student will be assisted by a PhD student who is working in this area. Sufficient and efficient supervision will thus be provided.
The supervisor’s team has done abundant research in the area hence the student will be well supported.

Requirements
Strong interests in wireless communications and deep learning.
Strong Python/Matlab programming skills.

Reference
[1] G. Yin, J. Zhang, G. Shen and Y. Chen, "FewSense, Towards a Scalable and Cross-Domain Wi-Fi Sensing System Using Few-Shot Learning," IEEE Transactions on Mobile Computing, 2022, doi: 10.1109/TMC.2022.3221902.

3. Project Title: Development of an Extended Gate Field Effect Transistor Bio Sensor for monitoring of Milk Quality

Supervisors:  Dr Ian Sandall (Department of Electrical Engineering and Electronics) 

Description:  The development of biosensors has opened up new possibilities to undertake rapid, real time at point of care diagnosis and measurement for a range of diseases and conditions, with the potential to revolutionise treatment and management of these conditions. 
One form of common biosensor is what is known as a Bio-FET, in essence this is a Field Effect Transistor where the traditional gate electrode is instead replaced by antibodies (or DNA strands) that will bind with the target of interest. If the targeted molecule is then present in a test sample it will bind to the antibody (or DNA) and change the electric potential on the gate, altering the device performance. However, over time these antibody (or DNA) layers will degrade and as such the bio-FETs need to be replaced.
The idea in this project is to develop a so-called Extended Gate Field Effect Transistor, this is a device where the gate electrode is actually separate from the rest of the device. As such it would be much simpler to and cost effective to have to just replace a small electrode once the antibodies have degraded rather than the entire device.
In this project the student will develop a suitable sensor to detect the presence of contaminants (toxins, infections and residual antibiotics) in milk samples. Such a system could ultimately be integrated into automated milking systems to improve both the quality of the milk as well as improving animal health and wellbeing.

4. Project Title: Continuous monitoring for heart failure in Cardiac Patients

Supervisors:  Dr Ian Sandall (Department of Electrical Engineering and Electronics) 

Description:  The Aim of the project is to develop socks with sensors to monitor frail/elderly heart failure patients for development of ankle swelling due to fluid mainly as this is an important marker of heart failure decompensation, as usually these patients may not be able to weight themselves daily or are less likely to notice ankle swelling.

These will likely involve integrating stretch and pressure sensors into the sock along with a suitable microcontroller interface.

Additional features include monitoring for development of Atrial fibrillation which HF patients are also prone to and possible measuring oxygen saturation.

The resultant system will be capable of undertaking continuous measurements, sending the relevant data wirelessly so it can be logged and generating an alert if swelling is detected.

This is a challenging project that will require a dedicated a student. Depending on the outcomes of the project the student may have the opportunity to present the findings to industrial partners and potentially contribute towards a journal publication.

5. Project Title:  Investigation of novel polymer based plasmas for passivation of infrared photodetectors

Supervisors:  Dr Ian Sandall (Department of Electrical Engineering and Electronics) 

Description:  Semiconductor Optoelectronic devices are extensively used to both generate light (LEDs, Laser Diodes) as well as for light detection and imaging (Photodiodes, CCD, CMOS imaging, etc). For imaging and light detection applications Silicon has traditionally been used, however Silicon is only able to detect the visible part of the electro-magnetic spectrum. For a range of applications (thermal imaging, night vision, astronomy, chemical / biological sensing) it is desirable to also be able to detect and image infrared light. While there are some systems that can achieve this they are typically based on a rare and novel semiconductor compound of Mercury, Cadmium and Telluride as well as posing significant health and safety risks these devices are also extremely expensive limiting their use. Over recent years, researchers (including those at Liverpool) have been working on novel semiconductor compounds which can detect infrared light at lower cost and without the associated safety concerns. 

While a number of these materials are providing encouraging results a persistent problem in these devices are surface leakage currents. These are parasitic current paths formed along the edge of the devices. In materials such as Silicon these currents are suppressed via a technique called passivation where a non conducting insulator is deposited on the surface, however the current range of materials and deposition techniques are not compatible with these novel semiconductors. As such this project aims to investigate the use of alternative insulators and ways to deposit them. Devices will be electrically characterised before and after deposition to investigate the effects. 

6. Project Title:  Transmitters for Space-Based Solar Power

Supervisors:  Professor Ivona Mitrovic (Department of Electrical Engineering and Electronics) 

Description:  Transition to Net Zero and powering the data centres to facilitate emerging artificial intelligence systems requires stable renewable energy sources. Space-based solar power (SBSP) offers a potential solution to the current issue of intermittency in renewable energy sources, since it can provide a continuous source of power, day and night. The concept involves placing solar power satellites in geostationary orbit to collect solar energy and then beam it down to Earth using microwave or laser beams. The power can be beamed to any location on Earth, making it a global energy source, independent of local weather patterns and seasonal variation in sunlight. Once manufactured and positioned in orbit, SBSP satellite can operate for decades, providing a stable and reliable source of energy without any emissions, facilitating a Net Zero future.

Achieving high transmission efficiency is critical to the viability of SBSP, requiring the development of highly efficient rectennas for the ground-based receivers, as well as high-efficiency, high-power and robust microwave power generators for space-based transmitters. This project will brainstorm possible prototyping of antenna arrays and power transfer systems for different arrangements of SBSP systems, essential when specifying semiconductors. Gallium nitride (GaN) is the most promising contender, since it is a mechanically stable, radiation-tolerant wide band gap semiconductor that is already being adopted in satellite-based systems. To fully exploit its properties, high frequency operation (5.8 GHz) is required. This 10-week project is excellent opportunity for an ambitious student to investigate cutting-edge device designs that could achieve high-power efficiency at 5.8 GHz vital to harvest SBSP renewable energy. 

The student will have access to EEE Clean Room and characterisation facility as well as TCAD modelling tool.

EPSRC Research Theme: Energy and decarbonisation, Engineering, Advanced Materials (compound semiconductors for Net Zero)

7. Project Title:  AI-Based Wireless Sensing Solution for Human Vital Signs Detection

Supervisors:  Dr Jiafeng Zhou (Department of Electrical Engineering and Electronics) and Dr Bei Peng (Department of Computer Science), with support from Sony’s Development Team

Description:  Are you passionate about AI and its transformative potential in healthcare? Join this 10-week project to develop a cutting-edge system that remotely monitors vital signs using Sony’s AI-enabled Intelligent Vision Sensor.
Project Overview
This project focuses on creating a non-contact monitoring system to detect vital signs like heartbeat and respiration rates. By analyzing subtle colour changes in the face or chest caused by blood flow, the system will calculate these vital signs. Sony’s sensor, with its high dynamic range, ensures accurate detection even in low-light conditions.
What You’ll Do
Construct the System: Assemble the wireless sensing systems using an AI-based Sony camera, which will be supplied.
Apply AI Techniques: Develop algorithms to process video data and extract vital signs.
Solve Real-World Problems: Contribute to the development of innovative healthcare technology for remote monitoring.
Hands-On Data Analysis: Improve signal quality by reducing noise caused by illumination changes or movement.
Collaborate Across Disciplines: Work at the intersection of engineering, computer science, and healthcare.
Why Apply?
Innovative Impact: Your work could shape the future of telemedicine and health monitoring.
Skill Development: Gain experience in AI, signal processing, and video analysis.
Career Opportunity: Build a strong foundation for roles in AI, health tech or advanced sensor development.
Who Should Apply?
Ideal for students in electrical engineering, computer science, or related fields with an interest in AI, video processing, and healthcare innovation. Take the opportunity to work on a project that combines cutting-edge technology with real-world impact.

8. Project Title:  Leveraging Large Language Models for Enhanced Automatic Literature Reviews

Supervisors:  Mr Matthew Carter, Dr Marcel Hernandez and Professor Simon Maskell (Department of Electrical Engineering and Electronics) 

Description:  This project aims to build upon the "Scoperta" tool, originally developed as part of the £2.5m EPSRC-funded Big Hypotheses and IBM-EPSRC co-funded PhD on Uncertain Heterogeneous Algorithmic Teamwork (UHAT) projects, to enhance automatic literature reviews using Large Language Models (LLMs) and Retrieval-Augmented Generation (RAG) models. The tool was initially designed to identify long-standing applications of Markov Chain Monte Carlo (MCMC) that could benefit from Sequential Monte Carlo (SMC) samplers. It was later adapted for the £124.4m EPSRC-funded Relativistic Ultrafast Electron Diffraction and Imaging (RUEDI) project to provide insights into potential users of ultrafast spectroscopy. More recently, Scoperta has been leveraged to explore information fusion for the US Army Research Labs (ARL) and the Defence Science and Technology Laboratories (DSTL).

The project seeks to harness LLMs and RAG models to extract context from academic literature, identifying the problems addressed, the software used, and the role of high-performance computing (HPC). While the current version of Scoperta primarily analyses metadata, the new version will leverage LLM/RAG models to analyse the full content of the papers themselves, offering deeper and more comprehensive insights. The insights generated will guide strategic decisions about which application domains to prioritise for research, particularly within the initiatives of Big Hypotheses, UHAT, and RUEDI.

The student will develop a system that uses LLMs and RAG models to extract key insights from academic papers, focusing on areas such as software usage, methodologies, and computational resources. The system will retrieve relevant literature from databases like Scopus and CORE, process the information, and generate summaries highlighting important trends and research gaps.

At the end of the project, the outcome will be a functional system capable of automating literature reviews and providing valuable insights to inform strategic decision-making in computational research. The student will gain expertise in applying state-of-the-art NLP techniques, including LLMs and RAG models, and contribute to a tool that can transform the way literature reviews are conducted in academic and industrial research.

9. Project Title:  Terahertz Imaging and Sensing Technology for Standoff Detection of Human-like Robots

Supervisors:  Professor Yaochun Shen (Department of Electrical Engineering and Electronics) 

Description:  The increasing prevalence of human-like robots in various industries, such as healthcare, security, and customer service, has created an urgent need for reliable methods to distinguish real humans from robots. Advances in robotics and AI have made this distinction increasingly challenging, raising concerns about trust, safety, and ethical practices in human-robot interactions.

This proposal aims to tackle this issue by developing terahertz (THz) imaging and sensing technology as an innovative solution. The terahertz region of the electromagnetic spectrum (0.1–10 THz or 3–300 cm⁻¹) offers unique advantages, including the ability of THz waves to penetrate materials, the presence of characteristic spectral signatures for many substances, and the non-ionizing nature of the radiation, which poses no safety risks. These properties make THz imaging an ideal candidate for non-invasive and precise differentiation between humans and robots.
The research will focus on designing a high-resolution THz imaging demonstration system, developing AI-driven algorithms for real-time data fusion and analysis, and validating the technology in a controlled laboratory environment. The outcomes will have transformative implications for applications in security, robotics, and human-robot interaction, addressing critical societal and technological needs.

This project aligns closely with several mission-inspired research priorities of the UK EPSRC, including healthcare technologies, AI, and robotics. It is well-suited for BEng or BSc students with a strong interest in imaging technology and image processing. Through this project, students will gain hands-on experience with cutting-edge developments in THz imaging, compressed sensing, and AI technologies. Additionally, participants will acquire valuable interdisciplinary skills, enhancing their employability and preparing them for future challenges in the field.

10. Project Title:  Advanced monitoring and control of batteries for electric vehicles

Supervisors:  Dr Roberto Ferrero (Department of Electrical Engineering and Electronics) 

Description:  Batteries are increasingly used in many applications, including electric vehicles, but the accurate monitoring of their internal conditions while in use remains a challenge that has attracted research efforts for many years.

Recent research developed at the University of Liverpool [1] and elsewhere has demonstrated the feasibility of using an advanced monitoring method, called Electrochemical Impedance Spectroscopy (EIS), to estimate the internal state of the battery during its operation. However, implementing this technique in presence of continuous and large load variations, as they occur in electric vehicles, remains a challenge and requires further research.

This project will contribute to addressing the above challenge, by designing advanced control and measurement strategies, and testing them on a small-scale prototype (65 W) of an electric vehicle powertrain, composed of a small battery pack, a power converter and a motor. A successful control and measurement strategy will allow measuring the battery impedance with acceptable accuracy and in a suitable frequency range, while providing the required power to deal with the typical load variations that occur while driving.
The student is expected to have good knowledge of electrical and electronic circuits, good laboratory skills and, ideally, also good programming skills, as the project involves both hardware and software work. In more detail, the hardware work will mainly involve the assembly of electrical/electronic circuits (possibly including printed circuit boards), to condition and acquire measurement signals, whereas the software work will involve processing those signals and implementing realistic load profiles.

The student will be supervised by Dr Roberto Ferrero, a Senior Lecturer in the department of Electrical Engineering & Electronics. All the experimental work will be carried out in the labs in the EEE building.

[1] A. Sandschulte and R. Ferrero, "Multi-Cell and Wide-Frequency In-Situ Battery Impedance Spectroscopy," in IEEE Open Journal of Instrumentation and Measurement, vol. 2, pp. 1-11, 2023, https://www.doi.org/10.1109/OJIM.2023.3322492


11. Project Title:  Characterising Regolith Response to Electric Fields in Low-Gravity Environments

Supervisors:  Dr Kai Hoettges (Department of Electrical Engineering and Electronics) 

Description:  This project investigates how electric fields interact with loose particulate matter, such as regolith, in extremely low-gravity conditions. While the primary application is for asteroid surface exploration, the methods and findings of this study could be applicable to other environments involving loose materials and electric fields. It is hypothesised that using electric fields for adhesion—via electroadhesion or dielectrophoresis (DEP)—could inadvertently disturb or attract particles toward the field source. The study seeks to characterise these interactions and assess the viability of these techniques for robotic attachment in low-gravity environments.

The student will have the flexibility to tailor the project’s focus. This may include simulating electric field effects on particulate matter using tools like ANSYS or MATLAB, developing experimental setups, or a hybrid approach. Areas of investigation could include the impact of field strength and frequency, variations in particle size and composition, and strategies to mitigate unwanted particle disturbance. The goal is to deepen understanding of how electric fields interact with loose materials and to explore the broader applicability of electroadhesion and DEP in low-gravity or other relevant environments.

[PCB and electrode design, simulation tools, data collection and analysis, experimental design]

12. Project Title:  RF Tomographic Imaging for Internal Mapping

Supervisors:  Dr Kai Hoettges (Department of Electrical Engineering and Electronics) 

Description:  This project aims to explore RF Tomographic Imaging as a technique for generating density maps of an object’s interior. The method has applications in areas such as asteroid prospecting, structural analysis of buildings, or geological studies of large formations. The project will focus on how RF signals interact with different materials, and the student will develop methods to process data—such as phase, RSSI, and other relevant metrics—into 3D density maps.

The student will have the flexibility to define the scope of the project, whether it be through simulations, practical experiments, or a combination of both. They could use RF transmitters to log data around a known object (such as a synthetic "rock" or building model) and develop methods to generate interior maps. While the findings will have relevance to asteroid applications, the student is encouraged to explore broader scenarios and focus areas of their interest, ensuring that their work has potential applications in multiple fields.

[Signal processing, antenna and PCB design, image processing, simulation tools, experimental setup design]




13. Project Title:  Milli-Payloads for Space Applications

Supervisors:  Dr Kai Hoettges (Department of Electrical Engineering and Electronics) 

Description:  This project invites students to explore and design ultra-lightweight payloads, termed "Milli-Payloads," intended for space applications. These payloads are intended to be made as small as possible, preferably under 50g, with minimal height and capable of being integrated onto a flexible PCB in the future. For the purposes of this initial project, the payloads do not need to be composed of space-rated components. The goal is for students to define, develop, and propose an innovative payload that can contribute to exploration or resource prospecting in these challenging environments.
The student will be responsible for selecting and developing a Milli-Payload suited to the specific challenges of space exploration. This could range from environmental sensors, imaging systems, or communication devices to novel instruments for surface or subsurface analysis. The payload must fit within appropriate weight and size constraints and be useful in the context of space/low-gravity body exploration, whether for navigation, data collection, or resource identification.
The project offers a high degree of freedom, allowing the student to choose the payload type based on their interest. The process may include:
· Identifying a specific application or scientific goal (e.g., mapping, material analysis, environmental monitoring).
· Designing or selecting sensors and components that meet the weight and size constraints.
· Simulating or prototyping the payload and testing it in conditions that replicate the target environment (e.g., vacuum chambers, low gravity simulations).
· Evaluating how the payload interacts with the environment or system and optimising its performance.

14. Project Title:  Exploring the Real-World Applications and Benefits of Sequential Monte Carlo Trees

Supervisors:  Mr Efthyvoulos Drousiotis and Dr Alessandro Varsi (Department of Electrical Engineering and Electronics) 

Objective:  To investigate the applicability and effectiveness of Sequential Monte Carlo (SMC) trees in solving real-world problems, identify domains where they excel, and evaluate their performance against traditional machine learning algorithms.

Significance:  The findings will inform researchers and practitioners about the practical utility of SMC trees, guiding their adoption in domains that demand interpretable, efficient, and probabilistic decision-making. This research could also spark further innovations in adapting SMC trees to domain-specific challenges.

This project offers an undergraduate student the opportunity to engage with cutting-edge machine learning research while addressing real-world challenges, gaining expertise in algorithm evaluation, data analysis, and model interpretation.

Background:  SMC trees are probabilistic decision trees that combine Bayesian principles with ensemble-like capabilities, offering robust predictions with uncertainty quantification. Unlike traditional decision trees or Random Forests, SMC trees generate compact models optimized for both accuracy and interpretability, making them suitable for resource-constrained or data-sparse environments. While their theoretical advantages are well-documented, a comprehensive study on their real-world utility across diverse applications is lacking.

This project seeks to bridge this gap by examining SMC trees across various practical domains. Key questions include: Which types of data and problems maximize the benefits of SMC trees? What are their competitive edges in real-world settings? Answering these questions will provide valuable insights into their adoption and deployment.

Methodology:

· Literature Review:  Review prior studies and applications of SMC trees and similar algorithms to understand their theoretical underpinnings and reported benefits.
· Case Selection:  Identify real-world datasets from diverse domains such as healthcare, finance, environmental modeling, and supply chain optimization. Select cases that vary in data size, feature complexity, and prediction needs.
· Performance Analysis:  Apply SMC trees to these datasets and compare their performance (accuracy, interpretability, scalability, and robustness) against baseline algorithms such as Random Forests, Gradient Boosted Trees, and Neural Networks.
· Benefit Assessment:  Analyze the scenarios where SMC trees outperform others, focusing on factors like uncertainty estimation, model size, computational efficiency, and ease of interpretation.


15. Project Title:  Accelerating Sequential Monte Carlo Trees with GPU Parallelization Techniques

Supervisors:  Mr Efthyvoulos Drousiotis and Dr Alessandro Varsi (Department of Electrical Engineering and Electronics) 

Objective:  To implement and evaluate GPU parallelization techniques for Sequential Monte Carlo (SMC) trees, enhancing their computational efficiency while preserving their interpretability and accuracy in decision-making tasks.

Significance:  This work positions SMC trees as a competitive alternative to ensemble methods like Random Forests by addressing computational barriers, unlocking their potential in fields requiring both speed and interpretability, such as healthcare, finance, and autonomous systems.

This project provides an undergraduate student hands-on experience in GPU programming, probabilistic machine learning, and performance optimization, bridging the gap between theoretical advancements and real-world applications.

Background:  Sequential Monte Carlo (SMC) trees are powerful machine learning models that combine probabilistic reasoning with decision tree structures, enabling them to handle uncertainty while providing robust and interpretable predictions. Unlike Random Forests, SMC trees guarantee smaller tree sizes and better scalability for large datasets, making them particularly advantageous in resource-constrained or real-time scenarios. However, the computational demands of SMC trees, especially during the likelihood evaluation can limit their adoption for large-scale applications.

GPUs, with their high degree of parallelism, offer a promising solution for accelerating the computational bottlenecks in SMC trees. Specifically, GPU parallelization can efficiently handle the sampling, likelihood evaluation, and resampling stages, drastically reducing execution time while maintaining the advantages of the probabilistic framework.

Methodology:

· Literature Review:  Explore existing research on GPU-based parallelization for machine learning algorithms, focusing on particle filtering and Bayesian methods.
· Algorithm Analysis:  Identify computational bottlenecks in SMC tree construction, including sampling, likelihood evaluation, and resampling.
· GPU Implementation:  Develop GPU-accelerated versions of these stages using CUDA or other GPU programming frameworks, optimizing memory usage and data transfer between CPU and GPU.
· Performance Evaluation:  Compare the GPU-parallelized SMC tree algorithm against its CPU-based implementation in terms of speedup and scalability, on synthetic and real-world datasets.
· Analysis and Optimization:  Investigate trade-offs between computational efficiency and memory usage, refining the implementation for large datasets.
· Expected Outcomes:  The project aims to produce a GPU-parallelized SMC tree algorithm that significantly reduces computation time while preserving the predictive capabilities of the algorithm. By demonstrating the practical benefits of GPU acceleration, the research will broaden the applicability of SMC trees to large-scale and real-time machine learning problems.





DEPARTMENT OF COMPUTER SCIENCE

16. Project title:  AI-Powered Healthcare Robot Assistant

Supervisors:  Dr Mario Gianni (Department of Computer Science) and Dr Paolo Paoletti

Description:  The main objective of this project is to develop a basic cognitive architecture which will enable the QTRobot to proactively interact with patients affected by critical neurological diseases.  QTrobot is an expressive social robot designed to support a variety of use-cases including education of children with autism and other special needs education and human-robot interaction research and teaching. 

The proactive cognitive architecture will build upon these use-cases to implement form of interactions that can provide emotional support and companionship to the patients aiming at improving the patients' quality of life.

This project is part of a larger research activity in collaboration with the Walton Centre that aims at developing novel social robotics for healthcare assistance and for patients’ companionship.

Project plan: In Week 1 – Week 2, the successful candidate will familiarize with the QTRobot. The robot is equipped with a user-friendly and easy-to-use software interface for building cognitive architectures. In Week 3 – Week 4, the candidate under the guidance of the supervisory team will analyse data provided by clinicians at the Walton Centre with the main purpose of identifying two or three patterns of interactions with patients affected by critical neurological diseases. In Week 5 – Week 9, the candidate with the support of the supervisory team will develop the cognitive architecture implementing the identified patterns of interactions. In Week 10, the candidate will demonstrate to the by clinicians at the Walton Centre the cognitive architecture in action on the QTRobot.

EPSRC Research Theme: Artificial Intelligence and Robotics

17. Project title:  Digital Twinning for Inspection Robots in Complex Circuit Pipework and Hazardous Confined Spaces

Supervisors:  Dr Mario Gianni (Department of Computer Science), Prof Chenguang Yang, and Dr Anh Nguyen 

Description:  The main objective of this project is to develop a virtual model of a small-scale robot connected to its physical counterpart by a 2-way real-time data flow. The virtual model also known as Digital Twinning Instance (DTI) will mimic the robot in all its aspects. The robot has been designed to inspect complex circuit pipework and hazardous confined spaces of nuclear assets. 
 
DTI will allow engineers to fine-tune the robot’s behaviours in a variety of environment conditions enhancing efficiency and reliability. By simulating dangerous or complex tasks in a virtual environment, DTI will help identifying potential risks and safety concerns. This will also help developers to ensure that the robot operates safely in real-world situations. Finally, DTI provides real-time data about the condition and performance of the robot in the field. This information can be used for remote monitoring, predictive maintenance, and troubleshooting.

This project is part of a larger research activity aiming at developing disruptive innovation in the field of non-destructive testing robotic technologies for nuclear decommissioning. 

Project plan: In Week 1 – Week 2, the successful candidate will familiarize with the robot and its 3D model already implemented in CoppeliaSim. In Week 3 the supervisory team will provide the candidate with a short tutorial on how to implement DTIs using CoppeliaSim. In Week 4 – Week 7, the candidate helped by the supervisory team will implement in CoppeliaSim the 2-way real-time data flow connecting the 3D model to its physical counterpart. In Week 8 – Week 10, the candidate will test DTI in a mock-up complex circuit pipework set up in the SMARTLab.

EPSRC Research Theme: Artificial Intelligence and Robotics

18. [bookmark: _Hlk186991262]Project title:  Autonomous Inspection Robots for Complex Circuit Pipework and Hazardous Confined Spaces

Supervisors:  Dr Mario Gianni (Department of Computer Science), Prof Chenguang Yang, and Dr Anh Nguyen 

Description:  The main objective of this project is to develop under the Robot Operating System (ROS) a visual-based simultaneous localization and mapping (VSLAM) algorithm for MAGROVER. MAGROVER is a be-spoke magnetic tracked robot designed to inspect complex circuit pipework and hazardous confined spaces of nuclear assets. 

VSLAM is an important autonomous functionality as it will enable MAGROVER to build a three-dimensional representation of the environment and to localize itself within it.
Operators remotely located outside the hazardous areas can use such representation to better asses the conditions of the nuclear assets.

This project is part of a larger research activity aiming at developing disruptive innovation in the field of non-destructive testing robotic technologies for nuclear decommissioning. 

Project plan: In Week 1 – Week 2, the successful candidate will be thought by the supervisory team on how to operate MAGROVER. In Week 3 the candidate will conduct a brief literature search to identify at least three potential approaches for VSLAM which can be developed on MAGROVER and will discuss them with the supervisory team. These approaches must also be already implemented in ROS to ease the integration. In Week 4 – Week 7, the candidate will integrate the three VSLAM approaches MAGROVER with the help of the supervisory team. From Week 8 until the end of the project (Week 10) the candidate will test the performance of these approaches in a mock-up complex circuit pipework set up in the SMARTLab. Finally, the candidate will present the result of the comparison in the form of a document showing the quality of the three-dimensional representations of the mock-up scenario generated by the VSLAM approaches. 
EPSRC Research Theme: Artificial Intelligence and Robotics

19. Project title:  Advanced Machine Learning Methods for Estimation of Emission Direction of Radiation Sources

Supervisors:  Dr Mario Gianni (Department of Computer Science) and Dr Ellis Rintoul (Department of Physics)

Description:  This project aims to develop a Machine Learning method for the detection of the direction of emission of radiation sources. 

Radiation emission estimation finds numerous applications in nuclear safety, environmental monitoring, medical imaging, and homeland security. Knowledge about the exact direction of the radiation sources is of primary importance in identifying hazards, providing responses in emergency situations, and making decisions regarding operations. Traditional approaches for estimating the direction of radiation commonly depend on physics-based methods like handheld survey meters, scintillation detectors, or gas-filled detectors. While these techniques have been successful in a number of applications, they have been limited in dynamic and noisy environments where this approach faces challenges such as signal interference, multiple scattering events, and incomplete data. By establishing a novel and effective solution for the estimation of radiation direction, this work will advance the frontiers of current methodologies.

Project plan: In Week 1, the successful candidate will familiarize with data provided by the supervisory team representing the gamma doses collected from two radiation sources. In Week 2, the candidate will familiarize with the HPC server on campus which will be used to process the data. In Week 3 – Week 4, the candidate will be guided by the supervisory team through the implementation of dimensionality reduction and feature extraction techniques for the visualization and preparation of the data for training the Machine Learning model. In Week 5 – Week 7, the candidate will implement the model, the training and the fine-tuning procedures for hyperparameter optimization. Finally, in Week 8 – Week 10, the candidate will use the HPC to train and test the model using the data previously prepared.

EPSRC Research Theme: Artificial Intelligence and Robotics

20. Project title:  Dynamic Planar Polygon Regularisation

Supervisors:  Dr Konstantinos Tsakalidis (Department of Computer Science)

Description:  A simple planar polygon consists of a set of n vertices on the plane, connected by non-intersecting edges (straight line segments) such that the polygon contains no holes, i.e., it is topologically equivalent to a disk. The classic O(nlogn)-time simple polygon triangulation algorithm of Garey et al. [1] requires an O(nlogn)-time preprocessing step that regularises the polygon, i.e., it divides the polygon into y-monotone subpolygons (any line perpendicular to the y-axis intersects exactly two edges of the subpolygon) by connecting so called merge- and split-vertices with extra "regularisation" edges. See [2] for details.

The aim of the project is to develop an app that visualises the re-regularisation simple polygon when its vertices are being inserted, deleted and moved (translated).

References:

[1] M. R. Garey, David S. Johnson, Franco P. Preparata, Robert Endre Tarjan: Triangulating a Simple Polygon. Inf. Process. Lett. 7(4): 175-179 (1978)
https://www.sciencedirect.com/science/article/abs/pii/0020019078900625

[2] Mark de Berg, Otfried Cheong, Marc J. van Kreveld, Mark H. Overmars: Computational geometry: algorithms and applications, 3rd Edition. Springer 2008, ISBN 9783540779735, pp. I-XII, 1-386
Chapter 3: Polygon Triangulation
https://link.springer.com/book/10.1007/978-3-540-77974-2


21. Project title:  Empirical Study of Multimodal Large Language Models for NLP Tasks

Supervisors:  Dr Qiyi Tang and Dr Tulika Saha (Department of Computer Science)

Description:  This project aims to empirically evaluate the performance of multimodal large language models (MLLMs) in key natural language processing (NLP) tasks. By integrating textual, visual, and other modalities, models like GPT-4 Vision and CLIP promise to bridge gaps in language understanding and real-world context modeling. The study will explore tasks such as sentiment analysis, emotion detection, and visual question answering, focusing on adaptability, robustness, and interpretability. 

Background and Motivation:  Traditional NLP models, trained predominantly on textual data, struggle with tasks requiring multimodal understanding, such as cross-modal retrieval and image captioning. MLLMs address these challenges by learning from datasets that combine diverse modalities. However, limited empirical research compares their performance on both standard text-based tasks and multimodal applications. This project aims to fill this gap, providing a comprehensive evaluation to inform future development. 

Methodology:  

· Task Selection: Identify core NLP tasks. 
· Dataset Curation: Select and/or preprocess multimodal datasets aligned with these tasks. 
· Model Selection: Select state-of-the-art MLLMs such as GPT-4 Vision and CLIP. 
· Implementation: Train MLLMs (with potential architectural modifications, such as additional task-specific layers) on the selected tasks. 
· Evaluation: Assess performance using metrics like accuracy and F1, with error analysis for deeper insights. 

Expected Outcomes:  The study will uncover strengths and limitations of MLLMs across diverse NLP tasks, offering actionable insights for enhancing multimodal architectures. It will guide the development of more adaptable, context-aware AI systems, with applications in areas like assistive technologies and content generation. 


22. Project title:  Towards Realistic Algorithms for Programmable Matter

Supervisors:  Dr Othon Michail (Department of Computer Science) and Dr Paolo Paoletti, Mechanical and Aerospace Engineering (School of Engineering) 

Description:  “Programmable matter” refers to any type of material that can be programmed to change some of its physical properties on demand, for example, to transform itself in complicated ways in response to environmental events. Examples of potential applications are monitoring of hostile environments, educational robots, reconfigurable tools, and sustainable engineering. Even though such materials have long been envisioned, it was not until recently that scientists started taking first steps in possible ways to realise them. The theory of programmable matter is a multi-disciplinary endeavour aiming to formulate relevant models and problems, develop algorithms for those problems and characterise their complexity. Despite the effort devoted, there is a barrier yet to be passed: existing representations are not adequately (if at all) including the relevant physical parameters. The successful realisation of these fascinating systems might depend on passing this barrier.

 [image: A collage of different objects
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Figure 1. Spectrum of programmable matter approaches, from various papers and online resources of research projects.

The group of Michail focuses on modelling emerging computing systems, understanding their behaviour and complexity, and designing algorithms for core tasks in them. With Paoletti they have been running an interdisciplinary programmable matter initiative at the University of Liverpool which is concerned with this and related questions. The student will contribute to this collaboration by developing and studying models enriched with relevant physical parameters, such as the structural strength of the material. Specifically, the student will be asked to complete a literature review on algorithmic models using physical parameters [2 weeks], develop a theoretical model incorporating a physical property such as strength [3 weeks], study the algorithmic and structural properties for basic reconfiguration tasks in the model [2 weeks], evaluate and optimise through physical simulation [3 weeks].


23. Project title:  Algorithmic Reconfiguration of Graphs

Supervisors:  Dr Othon Michail (Department of Computer Science) 

Description:  Graphs represent a set of objects and a set of pairwise relations between them. As simple as this definition sounds, the development of the theory of graphs is among the most important achievements of mathematics of the last few centuries. Though problems associated with graphs have been extensively studied, recent applications have revealed a new direction: dynamic/temporal graphs, meaning graphs in which the objects or the relations between them change over time. Their applications abound, including transportation networks, reconfigurable robotics, data structures, and graph neural networks. Many of these applications require the network dynamics to be algorithmically controlled. For example, in a dynamic distributed data structure a distributed algorithm controls the updates and in a modular reconfigurable robot a program controls the local reconfiguration of modules. Algorithmic control is a main pillar of research in dynamic networks and algorithmic reconfiguration of graphs is the formalism associated with it.

[image: Make Your Own World With Programmable Matter - IEEE Spectrum][image: A diagram of a diagram of people
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Figure 2 (left) A dynamic network of people interacting with Tweets [blog.twitter.com] (right) One of the potential fascinating applications of reconfigurable robotics [spectrum.ieee.org]. 

The research group of Dr. Michail has led the establishment of the main symposium of the area, is a member of the programmable matter multi-disciplinary collaboration and has been making progress in research directions such as distributed reconfiguration, geometric reconfiguration, and graph growth. The student will contribute to the group’s objectives in any of these directions. As an indication, in geometric graph growth the student would be asked to complete a literature review on distributed geometric graph algorithms [2 weeks], define adequate models for distributed geometric graph growth [3 weeks], formulate new and extend existing centralised graph growth problems to the distributed case [2 weeks], develop algorithms for those problems and evaluate them analytically and/or experimentally [3 weeks].



24. Project title:  Online Algorithms - Explorable Uncertainty and Learning

Supervisors:  Professor Prudence Wong (Department of Computer Science) 

Description:  We study optimization problems under the impact of uncertainty in the Explorable Uncertainty Model (EUM). Tackling uncertainty is not a new topic and has been studied under different models including online optimization, stochastic optimization, and robust optimization models. These models usually assume that information about the uncertainty is obtained passively. For example, as time goes, the input / request reveals itself as it arrives at the system. What if we are given some power to enquire information about the uncertainty? Such query can be expensive and we may then need to minimize the use of such queries. In the EUM, the input comes with an uncertain range, which makes optimization decision challenging. EUM allows us to query uncertain data at certain cost such as money, time, energy, etc. An immediate question is how we can leverage on this possibility to explore uncertain data. The ability to query uncertain data potentially improves the quality of solution that can be obtained, nevertheless, queries can be expensive. The challenge is how we can balance solution quality and query cost. Recently EUM has attracted a lot of attention and has been studied in applications from relatively simpler ones like sorting, finding median to more complicated ones like minimum spanning trees, shortest paths, etc. The EUM above attempts to tackle uncertainty from a more centralized perspective. With learning augmentation, we want to explore the problem in a decentralized fashion and in particular how the system may be designed to give reward to the clients to incentivize them to choose good solution.

In this project, we aim to study some foundation computational problems in EUM and with augmented learning. This involves:

· Understanding the notion of explorable uncertainty and augmented learning algorithms
· Conducting literature review on relevant references
· Designing new solutions to one or two fundamental computational problems
· Implementing the solutions and carrying out analytical experiments to compare performance of different solutions

This project requires students to have strong analytical skills and strong programming skills.

25. Project title:  Optimisation algorithms for self-optimising flow reactors 

Supervisors:  Professor Prudence Wong (Department of Computer Science) and Professor Anna Slater (Department of Chemistry)

Description:  Recently, autonomous optimisation in flow reactors has been used to efficiently optimise chemical reactions for selective and high-yielding production of pharmaceuticals. Multi-objective optimisation has been used to develop synthesis routes that are both high-yielding and take resource usage into account, improving process sustainability.1,2 However, it is challenging to predict which algorithm will give the best result, and which will get there the fastest; most work uses either commercially available algorithms that have not been developed for this specific purpose, or proprietary algorithms that limit general use.3 

In this project, co-supervised by Prof Prudence Wong (Computer Science) and Prof Anna Slater (Chemistry), we will apply optimisation algorithms to the flow synthesis of molecular materials,4 with the goal of developing bespoke algorithms that can most efficiently suggest ideal reaction conditions to give both good selectivity and yield. There is the potential to extend this to a wide variety of chemical problems in collaboration with the Slater group, and to gain valuable experience of algorithm development in collaboration with the Wong group. Training will be provided, and this cross-disciplinary project will equip the student with skills that are highly sought-after in industry as well as give them the chance to apply their knowledge in the fast-growing area of digital chemistry.

1. Kershaw et al., Machine learning directed multi-objective optimization of mixed variable chemical systems. Chem Eng J 2023, 451.
2. Schweidtmann et al., Machine learning meets continuous flow chemistry: Automated optimization towards the Pareto front of multiple objectives. Chem Eng J 2018, 352, 277-282.
3. Muller et al., Automated multi-objective reaction optimisation: which algorithm should I use? React Chem Eng 2022, 7 (4), 987-993.
4. Liu et al., Barely porous organic cages for hydrogen isotope separation. Science 2019, 366 (6465), 613-620.


School of Physical Sciences

DEPARTMENT OF CHEMISTRY

26. Project Title: Tracking Li Ion Diffusion in Solids 
 
Supervisors:  Professor Frédéric Blanc (Department of Chemistry) 
Description:  Ionic transport phenomenon underpins most electrochemical processes (for example Li ion mobility in Li ion battery technologies). While NMR spectroscopy is the most powerful structure determination method of powdered solids, it is also equally suited to probe molecular motion at the atomic scale and over a wide range of timescales. This project will exploit the sensitivity of the 6Li and 7Li nuclear spins to directly capture Li ion diffusion processes in solid state Li ion electrolytes. The student will learn how to operate an advanced solid-state NMR system equipped with capabilities for extended variable temperatures (i.e. approx. 130 K to 600 K at 400 MHz) and to analyse the data of various NMR measurables (i.e. chemical shift, lineshape, relaxation measurements) to reveal Li ion diffusion pathways in detail as exemplified in 
https://pubs.acs.org/doi/10.1021/acs.chemmater.2c02101 (Figure) 
or https://pubs.acs.org/doi/10.1021/acs.chemmater.4c00727 

[image: ]


27. Project Title:  Investigating Opportunities for Long-acting (LA) Therapeutics for Epilepsy
 
Supervisors:  Professor Steve Rannard (Department of Chemistry) 
Description:  The University of Liverpool is leading the UK National Hub for Advanced Long-acting Therapeutics (HALo) that aims to derive underpinning physical sciences for a revolution in medicine delivery. This EPSRC funded National Healthcare Hub brings together the Universities of Liverpool, Manchester, Nottingham, and Queen’s Belfast in a six-year programme to establish the fundamental mechanistic insight, proof-of-concept and clinical/industry interactions to create a national strategy for LA medicine delivery to the UK.

Regular dosing (usually daily) is required for many therapy and prevention strategies. Unfortunately, accomplishing maximum efficacy often relies on patients to take medicines at the correct dose and timing; failure to do this can lead to dramatic outcomes including onset and spread of drug-resistant pathogens, wasted healthcare resources, and death where sustained administration is required for chronic conditions or prophylaxis. 

The project offers the student the chance to join a postdoctoral research team, integrated into a multi-disciplinary programme aiming to create LA proof-of-concept for healthcare needs with no current LA options. Epilepsy is a chronic condition requiring long term maintenance. The project will study the formation of nanoparticle dispersions of existing epilepsy drugs with the potential to deliver weeks (possibly months) of efficacious circulating drug concentrations. This will involve drug nanoparticle formation studies, understanding the role of stabilising excipients, studying physical characteristics of drug nanoparticles (e.g. particle size, physical form, dispersity, stability, redispersion), the potential for high concentration dispersions (e.g. 100s mg/mL from drugs with conventional water solubilities < 1 mg/mL), syringe-ability studies, drug ratio optimisation and drug release studies. The student will be guided by a highly experienced team of researchers that have progressed previous programmes through to human clinical studies and were responsible for the world’s first demonstration of orally dosed nanomedicines for HIV and the creation of the first demonstration of malaria prophylaxis via long-acting approaches. 


28. Project Title:  Understanding the rheology of novel cyclic polymer structures
 
Supervisors:  Professor Steve Rannard (Department of Chemistry) 
Description:  In 2020, UoL first revealed the creation of a new polymer synthesis technique, known as Transfer-dominated Branching Radical Telomerisation (TBRT). In short, TBRT allows the use of conventional free-radical polymerisation chemistry (that normally creates very poorly degradable or non-degradable chain-growth polymers) to form step-growth polymer structures (including high degradable polyesters). This was previously impossible using polymer synthesis techniques and TBRT opens avenues for entirely new polymeric and plastic materials. The team have already shown the formation of enzymatically-cleavable polyesters from divinyl monomer polymerisation – a previously unachievable outcome.  

TBRT has unique features, including the creation of new copolymers, and the application of TBRT polymers across diverse technologies such as 3D printing, adhesives, composites, degradable packaging, sensors, and coatings is underway. Recently, the UoL team uncovered the ability of TBRT to create new cyclised polymers that offer entirely novel applications. The use of these materials requires considerable fundamental study including their behaviour within solution and the melt. 
The project offers the student to opportunity to join a highly active team of PhD and PDRA researchers that are studying TBRT polymers and copolymers and disseminating their findings widely. This includes close collaboration with industry where relevant. The project seeks to synthesise a range of systematically varying cyclised polymers and undergo a comprehensive study of their rheology. The student will be supported by the team in their synthetic work and the characterisation of the polymers (molecular weight, chemical and physical structures, solution and melt – including blend – rheology) and will be key to generating new insight with high impact publication potential.

29. Project Title:  Nanocomposite agents for use in theranostic nanomedicine
 
Supervisors:  Dr Marco Giardiello (Department of Chemistry) 
Description:  Organic/inorganic hybrid nanocomposite particles have attracted much attention due to their potential for a wide range of applications in biomedical research, spanning both diagnostic and therapeutic medicine. The aim of this project is to develop a range of nanocomposite particles for use in combined therapeutic and diagnostic nanomedicine, known as theranostics. This proof-of-concept project will develop such agents for use in techniques such as Magnetic Resonance Imaging (MRI) or Magnetic Particle Imaging (MPI). This project will provide training and experience in both organic and inorganic nanoparticle synthesis, polymer chemistry and characterisation techniques, such as NMR, fluorimetry and dynamic light scattering (DLS). The project will use methods most students will not have experience in (e.g. inorganic nanoparticle sythesis, complex coordination chemistry, polymer chemistry), thus will give an opportunity for students to expand their sythetic skillsets.

References: Giardiello et al, Nanoscale, 8, 7224-7231 (2016); Giardiello et al, Journal of Materials Chemistry, 22, 24744 (2012).

[bookmark: _Hlk187331304]The Student would be a third year MCHEM student going into fourth year.
Skills Required: Broad competance in synthetic chemistry tehchniques; good interpersonal skills to work as part of a collaborative research team; good written and analytical skills.

30. Project Title:  Diradical molecular wires: pushing the limits of the HOMO-LUMO gap
 
Supervisors:  Dr Amit Sil and Professor Andrea Vezzoli (Department of Chemistry) 
Description:  Organic radicals have unique electronic properties but, as in most cases, two is better than one. Diradicaloids - materials with structure intermediate between antiaromatic and diradical – have, for instance, outstanding and counterintuitive electrical transport behaviour: the longer the molecule, the higher their conductance. Now we want to venture into the realm of pure diradicals: eliminate the antiaromatic component and obtain a pure open-shell species, predicted to have outstanding properties. We have identified several candidates based on Blatter or Kuhn’s radical scaffolds, fused or joined together by conjugated units. The project will entail the synthesis and characterisation of these materials, exploiting a wide range of chemical reactions and isolation techniques.



31. Project Title:  A Computational-Based Approach to Predicting and Understanding Epimerisation
 
Supervisors:  Professor Neil Berry (Department of Chemistry) 
Description:  The Department of Chemistry has a long-standing strategic alliance with Liverpool ChiroChem (LCC) - a spin out company from the Department, established by Prof. Xiao. Created in 2014 LCC provides previously unavailable building blocks for new drug molecule discovery programmes in pharmaceutical and biotech industries. 

LCC has a large database of unique chiral compounds which have been synthesized. Some of these compounds have been found to undergo change in stereochemical configuration at one stereogenic centre – epimerisation, in an unpredictable manner. This project is to investigate and understand, through computational approaches, why and how molecules undergo epimerisation. The finding is expected to impact not only the discovery of bioactive molecules but also functional materials, particularly those having stereogenic centres. 

The computational aspects of this project will train the student in machine learning and molecular modelling. The student will be guided through the whole process of developing robust statistical models that accurately capture whether the molecules epimerise or not. This will involve building molecules in silico, performing energy minimisation, calculating a large range (>2000) molecular properties and employing machine learning methods to correlate some of these properties with the molecules’ propensity to epimerisation. A wide range of machine learning methods will be employed including random forest, support vector machines, K nearest neighbours, neural networks and Bayesian methods. Successful and statistically robust models will be used to predict a test set of molecules. This lends the project to the possibilities of virtual library screening – where large in silico databases of compounds are assessed for their predicted epimerisation propensity. Such a process provides a rational approach to decide which molecules should be studied next. In addition, inspection of the models will give an in depth understanding of the molecular features which influence epimerisation in a molecule.

Work in the Berry lab involves use of molecular modelling and chemoinformatics in molecular design. Currently there are a number of active medicinal chemistry based projects which utilise analogous approaches to machine learning. 



DEPARTMENT OF MATHEMATICAL SCIENCES

32. Project Title:  Exploring the interaction mechanism between tissue-specific circadian clocks and transcription factor, NRF2
 
Supervisors:  Dr Mirela Domijan (Department of Mathematical Sciences) and Dr. Vanja Pekovich-Vaughan (Institute of Life Course & Medical Sciences)

Description:  Background: Mammalian circadian clocks are vital biological timekeepers, used for timing of a myriad of cellular processes. The clocks are strongly influenced by NRF2, an important transcription factor which is showing promise as a therapeutic target for many diseases. Our recent work has elucidated mechanisms by which NRF2 targets the clock and we have a computational model for the lung circadian clock which can be used to run in-silico experiments testing the effect of NRF2 absence on the clock. 

Project description: Aim of this project is to extend the research done on the lung clock to other tissues (such as muscle, kidney, liver and heart), and compare and contrast the results to those that we have obtained already for the lung clock. The student will do this by using tissue-specific delay differential equation models of clocks from [1].  This will involve running simulations (preferably in Matlab) and testing the effects of parameter perturbations (that mimic the effect of NRF2) on model dynamics. The candidate will be working very closely with Dr Domijan and will liaise with Dr. Vanja Pekovich-Vaughan’s group.  

Candidate specifications: The candidate is expected to have a strong mathematical background and strong computing skills, preferably familiarity with Matlab.  Good communication skills are a must. Prior knowledge of biology is not required, but a genuine interest in the biological application is essential. There will be an opportunity to interact with the lab of Dr. Vanja Pekovich-Vaughan and for the candidate to present their work at lab meetings. 

Outline: Literature survey and familiarization with the circadian clock model, coding (3 weeks), data analysis and modelling (6 weeks) and report writing (1 week).

Contact for further enquiries:  Interested candidates are strongly encouraged to contact Mirela Domijan on  m.domijan@liverpool.ac.uk

References:
[1] Pett et al. (2018) Co-existing feedback loops generate tissue-specific circadian rhythms, doi: 10.26508/lsa.201800078





DEPARTMENT OF PHYSICS

33. Project Title:  Gamma Imaging using 3D-Printed Shields and Machine-Learning Techniques
 
Supervisors:  Dr Ellis Rintoul (Department of Physics), Chris Everett (Department of Physics), Mario Gianni (Department of Computer Science) 
Description:  Gamma-ray detectors are used frequently in the monitoring and decommissioning of nuclear fission facilities for characterising sources of radiation. To determine the location of gamma-sources, techniques such as collimation and Compton imaging are required. These methods typically result in a limited field-of-view or require complex detector systems. This project will investigate an alternative method for determining gamma directionality using Machine Learning (ML) techniques. These techniques will be applied to simple detector systems that make use of tungsten-infused 3D printed shielding material of varying thickness to induce variation in spectral response as a function of gamma direction. 
The project will be delivered in three parts. First, a detection system comprising a radiation detector, tungsten-infused shield, and gamma-emitting source will be modelled and its response simulated using Monte-Carlo techniques. A tungsten-infused shield will then be designed, produced using a newly acquired 3D printer, and used with a gamma detection system to collect experimental data for validation of the simulation. Finally, the validated simulation will be used to produce training and test data for ML models that have been developed for determining the origin of gamma sources based upon the detector response to scattered gammas. This process will involve optimisation of the tungsten-infused shield design in order to maximise sensitivity of response. 
The project will be conducted as part of a collaboration between members of the department of physics and the department of computer science investigating robotics for nuclear decommissioning. This project offers the opportunity to develop computational skills in 3D model design, detector simulation, and ML techniques, as well as hands-on experimental skills in the set-up and testing of radiation detector systems. This project would suit a student that is interested in gamma-detection and simulation techniques for applied nuclear physics.

34. Project Title:  Analysis of laser beam wavefront curvature in atom interferometry
 
Supervisors:  Dr Jonathan Tinsley (Department of Physics)

Description:  Light-pulse atom interferometry is a precision measurement technique which uses lasers to generate quantum superpositions of atoms on a macroscopic scale. By creating a closed spatial loop, atoms exhibit interference patterns analogous to an optical Mach-Zehnder interferometer. The resulting quantum sensor is highly sensitive to inertial forces being the world’s most sensitive devices to gravity and gravity gradients. At Liverpool’s Oliver Lodge Laboratory, an atom interferometer using rubidium atoms has been built for fundamental physics purposes, with the interferometry controlled by a Raman laser beam system, which consists of two counter-propagating lasers with a precisely controlled frequency and phase difference. These lasers not only generate the macroscopic atomic superpositions, but also imprint a phase on the atoms which is directly measured by the interferometer.
The project will investigate the effect of wavefront curvature of the Raman laser beams on the interferometer performance. The student will study this by performing measurements with the Raman beams on the cold atoms in a variety of experimental conditions and analysis the resulting interference signals. The student will therefore have the opportunity to both take real data in the lab and to perform an analysis of this data, which will be used to help to understand the ultimate performance of the Liverpool interferometer and to help design an upgraded interferometric laser system.
EPSRC Research Theme: Quantum Technology

35. Project Title:  Studying Gas-Phase Ions at Low Temperatures (< 1 K) 
 
Supervisors:  Dr Vincent Richardson and Prof Brianna Heazlewood (Department of Physics)

Description:  Coulomb crystals are highly ordered structures comprised of laser-cooled ions (typically Ca+) confined within an ion trap, where the equilibrium between the radiofrequency and electrostatic trapping fields and the Coulombic repulsion between the ions leads to the formation of a periodic 3D array, as shown in Fig. 1, with temperatures typically well below 1 K. 
[image: A screen shot of a computer
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Figure 1. Phase transition from trapped ion cloud to Coulomb crystal.
When laser-cooled ions are co-trapped with other ionic species, they collide with one another, thereby cooling the co-trapped ions down to sub-Kelvin temperatures. This allows us to study the reactivity of a range of different ions at very low temperatures, enabling us to probe the accuracy of models of molecular quantum mechanics and fundament reaction dynamics, in addition to exploring applications in quantum computing and astrochemistry. We monitor these reactions through a combination of time-of-flight mass spectrometry and fluorescence imaging of the crystals, with the structures of the crystals changing with their chemical composition, as shown in Fig. 2. 
[image: A screenshot of a computer
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Figure 2. Change in the structure of a Coulomb crystal as a function of time. A: With only laser-cooled Ca+ present, B: Following the introduction of Xe+, and C-F: As the Xe+ reacts away to form ND3+. 
There are multiple open questions about the properties of ions in Coulomb crystals, and our research group is uniquely able to undertake new measurements to address these open questions. In this project, you will perform experimental measurements and computational simulations to characterize the movement, temperature variation and reactivity of ions present in Coulomb crystals. These measurements and calculations will deepen our understanding of the fundamental properties of these structures and will also underpin future measurements on quantum effects in gas-phase reactivity. 

36. Project Title:  Controlling the properties of atomic oxygen beams using magnets
 
Supervisors:  Professor Brianna Heazlewood and Dr Maksymilian Roman (Department of Physics)

Description:  Radical species—atoms or molecules with one or more unpaired electrons—play an important role in a wide range of fields, from industrial processes (combustion, microprocessor manufacturing, catalysis) to research areas as diverse as surface science and atmospheric chemistry. In order to improve our understanding of how key radical species react, we have introduced a new method for manipulating beams of gas-phase radicals using a series of magnets and skimming blades (see Fig. 1). This project will involve participating in the active research on magnetic control of radical beams undertaken in the Cold Chemical Physics group. The key objective of the project is to characterise the operation of our custom-made Magnetic Radical Filter device which will be used to control the internal state and speed distributions of an atomic oxygen beam. The project will combine experimental measurements (including the recording of time-of-flight profiles and rotational spectra) with computational work to simulate and optimise the passage of target radicals through the device. The project is flexible, and you will be given the agency to choose which aspect of the project (experiment or theory work) you would like to focus on, with an option to be involved equally in both. The research will be taken under the guidance of experienced group members, with supervision provided by Dr Maks Roman and Prof Brianna Heazlewood. In our research group, we maintain a very friendly, supportive, and encouraging atmosphere. We will provide you with all of the necessary training and support you need to succeed in the project.
[image: ]
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DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING

37. Project Title: Gap analysis on existing UK building codes and test methods for wildfire spread mechanisms

Supervisors:  Dr Martina Manes, Civil and Environmental Engineering (School of Engineering) 
External Supervisor:  Emma McIntyre, Senior Fire Engineer, Arup

[bookmark: _Hlk151645557]Description:  Fire safety guidance in the UK for buildings addresses fire spread along roofs based on principles of fire spread between buildings and fire spread along external walls, based on its impact upon compartmentation.
The UK regulatory framework does not actively address wildfire risk, particularly at the wildfire urban interface (WUI). The overall aim of the project is to evaluate existing UK regulations and guidance, assess their applicability to wildfire risk, and propose recommendations for addressing wildfire risk in building design. 
To achieve this aim, the research objectives are to:
1. Investigate wildfire spread mechanisms, such as ember production and flame fronts
2. Review UK fire safety regulations, which currently do not acknowledge wildfire risk. This includes reviewing test and design methods such as BR187 external fire spread assessments, external fire performance of roof systems (BS EN 13501-5), and fire performance of external walls (BS EN 13501-1). The assessment is also focused on how these methods relate to and can be applied to known wildfire spread mechanisms
3. Evaluate guidance for wildfire-prone regions such as Australia, Canada, USA, Greece and Portugal, to understand how these countries mitigate the consequence of wildfires in the built environment identifying gaps in UK design practices. Consideration should be given to when wildfire risk is addressed in a project, whether at the planning or detailed design stage
4. Assess nature-based solutions in the built environments, such as green walls, local landscaping and Sustainable Urban Drainage Systems (SUDS), when considering the potential impact of wildfire.
It may be necessary to incorporate UK data from historical wildfires and consider the potential for wildfires based on weather patterns. However, the primary focus of the research is on how the construction industry can adapt its design process to acknowledge wildfire risk and limit the impact on the built environment.


38. Project Title: Numerical investigation of riverine flood behaviour at bridges

Supervisors:  Dr Eda Majtan, Civil and Environmental Engineering (School of Engineering)

Description:  Bridges are the backbone of the transportation systems in the UK and across the world. With the changing climate, flood events have caused significant bridge collapses or damage in the past two decades. Although flood-induced scouring and substructure behaviour of bridges have been investigated in previous studies, flood-induced effects on the superstructure of bridges (e.g., pier, deck) have not been understood yet. This project aims to quantify flood-induced hydrostatic, hydrodynamic and floating debris impact loads on the superstructure of beam bridges with relatively simple geometry. 

The project includes two main stages: (i) understanding the smoothed particle hydrodynamics (SPH) method and (ii) using SPH code in open-source SPH software DualSPHysics to quantify flood-induced loads on bridge superstructures. Extensive training on the theory of SPH and SPH software will be provided by the supervisor in weeks 1-4, while the student will start to run simulations of flood-bridge interactions during weeks 3-10.


DEPARTMENT OF MATERIALS, DESIGN AND MANUFACTURING ENGINEERING

39. Project Title: Modelling Bench Testing of Rigid Contact Lenses

Supervisors:  Dr Ahmed Abass, Materials, Design and Manufacturing Engineering (School of Engineering)

Description:  Failure to meet national regulatory bench-testing standards can delay or prevent the sale of contact lenses in specific markets. These tests depend on a combination of material chemistry and product design. Developing a computational model to simulate these tests before designing a product or material can save time and costs.

This project aims to create a computational model that identifies critical geometrical design parameters and material structure adjustments for novel or existing rigid contact lenses to ensure they pass regulatory testing. The objectives include optimising standard contact lens geometries and material additives using finite element analysis (FEA) models. Rigid contact lenses will also be manufactured to validate these models experimentally.

The student will work in a multidisciplinary environment to implement automated FEA and develop a reinforced silicone-containing compound material designed to meet the needs of medical device users. The supervisor will provide training and support throughout the project as he has extensive expertise in material engineering, medical strategies for vision correction and eye disorder treatments.

The project provides access to a wide range of scientific resources and professional training. Strong links with industry and healthcare professionals will ensure a translational focus, giving the student valuable experience and insight. This experience will equip the student with the skills necessary to navigate disciplines and career paths, enhancing employability in academia and industry.





DEPARTMENT OF MECHANICAL AND AEROSPACE ENGINEERING

40. Project Title: Conversational AI for Patient Rehabilitation

Supervisors:  Dr Paolo Paoletti, Mechanical and Aerospace Engineering (School of Engineering) and Dr Mario Gianni (Computer Science)

Description:  The aim of this project is to develop a framework to enable a humanoid robot to provide emotional support and companionship to patients particularly those who are affected by critical neurological diseases. These conditions often lead to cognitive, emotional, and social challenges that can severely impact the patients' quality of life. 

This project is motivated by a clinical need set by the Walton Centre, one of the top hyper-acute rehabilitation centres in the country. They expect real benefits in having social robots interacting with patients in their care, to support hospitality and wellbeing for such patients. However, there is no platform capable of addressing the complex needs of their patients.

In this project, the student will develop a proof-of-concept software platform capable of having a basic conversation with patients. More specifically, the student will explore how available conversational AI libraries and platforms can be used to enable a social robot to answer simple questions from patients. 

This project is suitable for a software-oriented engineer/scientist, with interests in AI and healthcare. The 10-week project will be roughly split into the following stages: critical review of available AI conversational models and platforms, to identify the best suited for this use case (2 weeks), implementation of a software interface (most likely, Python or C++) for the chosen AI conversational model, mimicking a conversation with a real patient (6 weeks), testing and creation of a demo be showcased to Walton Centre staff (2 weeks).

41. Project Title:  Climbing hold and gripper optimisation for swarm robotic 3D printing

Supervisors:  Mr Lupo Manes (PDRA) and Dr Paolo Paoletti, Mechanical and Aerospace Engineering (School of Engineering)

Description:  In the last year we have developed a novel approach to 3D printing that has the potential to remove build volume limitations and make the technology more scalable than ever. The core concept is to utilise a robot capable of climbing on the object it is printing, so that when the robot reaches the limit of its work area, it can reposition itself further along to keep printing the object. The climbing is facilitated by “scaffold” geometry embedded in the printed part that the robot can latch onto. So far, we have developed a prototype that can climb vertically (https://tinyurl.com/ksha9ua4) and we are looking for people that will help us develop the next prototype. The plan for the new prototype is for it to be capable of climbing not just vertically but all around the object being printed and to do so we will need a new and improved gripper and scaffold geometry.

Your role within this 10-weeks project will be to redesign and optimise the gripper and the geometry used by the robot to climb.  The gripper and scaffold geometry should be able to hold the weight of the robot while locating it accurately, and the scaffold geometry will need to be easily printed. You will be expected to come up with a design for both the gripper and the scaffold geometry (4 weeks), manufacture your designs using the University facilities (4 weeks), and test them (2 weeks). Testing will involve assessing the payload capabilities and locating precision of the gripper and scaffold combined and asses the printability of the latter.

We are looking for students with a strong background in mechanical and mechatronics engineering as well as experience with Fused Deposition Modelling additive manufacturing technologies.

42. Project Title:  Design and manufacturing of a climbing robot for swarm 3D printing

Supervisors:  Mr Lupo Manes (PDRA) and Dr Paolo Paoletti, Mechanical and Aerospace Engineering (School of Engineering)

Description:  In the last year we have developed a novel approach to 3D printing that has the potential to remove build volume limitations and make the technology more scalable than ever. The core concept is to utilise a robot capable of climbing on the object it is printing, so that when the robot reaches the limit of its work area, it can reposition itself further along to keep printing the object. The climbing is facilitated by “scaffold” geometry embedded in part that the robot can latch onto. So far, we have developed a prototype that can climb vertically (https://tinyurl.com/ksha9ua4)  and we are looking for people that will help us develop the next prototype. The plan for the new prototype is for it to be capable of climbing not just vertically but all around the object being printed and to do so we will need a new and improved motion system with more degrees of freedom and more flexibility.

Your role within this 10-weeks project will be to work on the mechanical design of the motion system based on the give set of requirements for degrees of freedom, reach, payload, and weight. Once the design is finalised (3 weeks) you will be able to use the Universities facilities to manufacture it (4 weeks) and test its capabilities (3 weeks). 

We are looking for a student with a strong background in mechanical or mechatronic engineering and with good CAD skills to work on complex moving assemblies. A basic knowledge of electronics and Python is preferred but not required.

43. Project Title:  Nonlinear dynamics of unsteady aerodynamic aircraft loads

Supervisors:  Professor Sebastian Timme, Mechanical and Aerospace Engineering (School of Engineering) and Professor Daniel Colquitt (Department of Mathematical Sciences)

Description:  Numerical flow simulations to identify critical aircraft loads cases during the design and certification process have become invaluable. These critical cases typically involve unsteady shock-wave/boundary-layer interaction near the edges of the flight envelope. Modal linear stability methods have been demonstrated as a suitable replacement for expensive time-marching simulations in identifying the flow physics even for full-scale aircraft [1]. Such stability methods essentially solve huge eigenvalue problems: the eigenvalue gives insight into the critical frequency and amplification rate of a disturbance, while the eigenvector reveals its spatial structure. Eigenvectors can be arbitrarily scaled (such as a unit-length vector). They lack information on the finite amplitude of the unsteadiness. However, the aircraft designer requires exactly such finite-amplitude information in their loads process. 

The project will investigate weakly non-linear dynamics of unsteady aerodynamics beyond the stability (bifurcation) point leading to limit-cycle oscillations of the aerodynamic loads (such as lift) [2,3]. First, the student will receive training in using an industrial computational fluid dynamics (CFD) solver capable of extracting such modes of stability and they will get familiar with the appropriate dynamic system theory (2-3 weeks). Second, the methods and tools will be employed for a complete two-dimensional aerofoil simulation (2-3 weeks). Third, a feasibility study of an aircraft wing will be conducted (4 weeks). Finally, the results will be compiled into a document with the possibility of pursuing publication. 

The project, falling 100% within EPSRC remit, combines the expertise of Prof Sebastian Timme in the Department of Mechanical and Aerospace Engineering and Prof Daniel Colquitt in the Department of Mathematical Sciences. Considering that the underlying stability tools are concurrently being demonstrated in collaboration with industry, the project outcomes have the potential of achieving significant impact on current aircraft design processes in the pursuit of meeting ambitious environmental targets.

[1] Timme, S. (2020) Global instability in transonic wing shock buffet onset. Journal of Fluid Mechanics. https://doi.org/10.1017/jfm.2019.1001 

[2] Crouch, J.D. et al. (2024) Weakly nonlinear behaviour of transonic buffet on airfoils. Journal of Fluid Mechanics. https://doi.org/10.1017/jfm.2024.499 

[3] Sipp, D. and Lebedev, A. (2007) Global stability of base and mean flows: a general approach and its applications to cylinder and open cavity flows. Journal of Fluid Mechanics. https://doi.org/10.1017/S0022112007008907

44. Project Title:  Simulation of UAS within procedurally generated environments

Supervisors:  Dr Vincent Page, Mechanical and Aerospace Engineering (School of Engineering) 

Description:  Unmanned Aerial Systems (UAS) face significant challenges when navigating complex and cluttered real-world environments. Testing these systems in physical settings is crucial to ensuring their safe and efficient operation, but such testing is often resource-intensive, costly, and limited in scope. To ensure the safe adoption of UAS, there is a critical need for scalable and robust testing solutions.
The project will utilize procedural generation techniques—commonly used in computer game development—to create realistic and infinitely varied environments. Existing simulation tools (from supervisor) and algorithm (from student’s final year project) will be adapted to support the testing of UAS in these dynamic settings. Key aspects of the methodology include:
· Developing or customizing procedural generation algorithms to produce complex environments.
· Conducting rigorous tests to evaluate UAS navigation, obstacle avoidance, and adaptability in varied conditions.
Aim and Objective:
The project aims to develop a simulation environment that supports real-time testing while allowing control over critical variables, such as obstacle density, terrain type, and dynamic factors like moving objects or weather conditions. 
The following objectives will be pursued.
1. Develop a tool to procedurally generate environments
2. Export the data from the tool to be read by a UAS simulation environment
3. Simulate a UAS moving through a procedurally created environment.
Impact:
By providing an efficient, scalable, and cost-effective testing solution, this research will significantly enhance the reliability and safety of UAS operations. The proposed simulation environment has applications across various domains, including commercial delivery drones, search and rescue missions, environmental monitoring.
Timeline:
This 10-week project will involve three key phases:
1. Week 1–3: Development of procedural generation algorithms and integration with simulation tools.
2. Week 4–7: Testing and refining the simulation environment.
3. Week 8–10: Final evaluations and documentation of findings.

45. Project Title:  Cube satellite guidance and control in proximity of loose asteroids in deep space

Supervisors:  Dr Vincent Page, Mechanical and Aerospace Engineering (School of Engineering) 

Description:  Deep space is rich in resources, and surveying asteroids is a crucial first step toward their potential utilization. However, not all asteroids are solid bodies; many are loose collections of aggregate material, presenting unique challenges for Cube Satellite (CubeSat) guidance, navigation, and control (GNC) during proximity operations. Close-proximity operations around such asteroids can disrupt both the asteroid's aggregate structure and the CubeSat, leading to complex, unpredictable interactions. This research focuses on designing and testing GNC systems for CubeSats in these challenging conditions through advanced simulations.
The project will use and develop the simulations already being developed by the student in their final year project. It will expand that simulation to model both the aggregate interactions of loose asteroids and the orbital dynamics of CubeSats. The simulations will enable precise modelling of satellite-asteroid interactions during close-proximity operations. 

Aim and Objectives:
The project aim is to develop a simulation environment that models both the aggregate interactions of loose asteroids and the orbital dynamics of CubeSats. Specific objectives include:
1. Creating a simulation that captures the physical behaviour of loose asteroids and the impact of CubeSat proximity operations.
2. Test and refine this simulator to predict and mitigate risks associated with close-proximity operations.
Impact:
By addressing the challenges of operating CubeSats near loose asteroids, this research will pave the way for more effective deep space resource surveying. The outcomes will not only enhance our understanding of asteroid aggregate behaviour but also contribute to the advancement of technologies required for deep space exploration and resource utilization.
Timeline:
This 10-week project will involve three key phases:
1. Week 1–3: Develop simulation models of loose asteroid aggregates and orbital dynamics.
2. Week 4–6: Design and implement GNC algorithms tailored to CubeSat operations in proximity to loose asteroids.
3. Week 7–9: Conduct simulations to test and refine GNC systems under various conditions.
4. Week 10: Analyse results, document findings, and prepare final report

46. Project Title:  Lattice Boltzman Method of an Aircraft Carrier

Supervisors:  Dr Neale Watson, Mechanical and Aerospace Engineering (School of Engineering) 

Description:  Operating helicopters to the helideck of ships at sea is one of the most difficult and dangerous missions a pilot can undertake. This is primarily due to the unsteady air flow over the flight deck that is generated by the freestream air moving over the ship’s superstructure. The pilot must contend with the unsteady flow during landing as the aircraft is buffeted about during take-off and landing. 

In recent years there has been a developing interest into the use of piloted flight simulation to analyse the effect of this unsteady airflow on helicopters during operations. Computational Fluid Dynamics (CFD) is used to model the unsteady bluff body airflows that is then integrated within a piloted flight simulation. More recently, the Lattice Boltzmann Method (LBM) numerical method is being investigated as a computationally cheap method of computing the airflow over bluff bodies, however, this has mostly been with frigates and not the more complex flow over aircraft carriers.

This project will perform a computational LBM study of an aircraft carrier to produce and airwake that will be compared with traditional CFD methods and used for piloted flight simulation. The outcomes of this study have the potential to be far reaching impacting the analysis of the flow over aircraft carriers and operating helicopters. The student will be required to review the literature related to LBM method [Week 1 - 2], develop the LBM model [week 3– 8], analyse the model [2 weeks], and write a report [1 week]. This project is recommended to any student who is interested in learning CFD for aerodynamic analysis. 
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Toward Understanding of the Li-IonMigrationPathwaysinthe Lithium Aluminum Sulﬁdes Li 3 AlS 3andLi4.3AlS3.3Cl0.7via6,7LiSolid- State Nuclear Magnetic ResonanceSpectroscopy Benjamin B. Du f , Stuart J. Elliott, Jacinthe Gamon, LukeM.Daniels,MatthewJ.Rosseinsky, and Fr é d é ric Blanc * Cite This: Chem. Mater. 2023, 35, 27 − 40 ReadOnline A C C E S S M e t r i c s & M o r e A r t i c leRecommendations *sı SupportingInformation ABSTRACT:

Li-containing materials providing fast ion transport

pathways are fundamental in Li solid electrolytes and the future of

all-solid-state batteries. Understanding these pathways, which

usually beneﬁt from structural disorder and cation/anion

substitution, is paramount for further developments in next-

generation Li solid electrolytes. Here, we exploit a range of variable

temperature

6

Li and

7

Li nuclear magnetic resonance approaches to

determine Li-ion mobility pathways, quantify Li-ion jump rates,

and subsequently identify the limiting factors for Li-ion di f usion in

Li

3

AlS

3

and chlorine-doped analogue Li

4.3

AlS

3.3

Cl

0.7

. Static

7

Li

NMR line narrowing spectra of Li

3

AlS

3

show the existence of both

mobile and immobile Li ions, with the latter limiting long-range

translational ion di f usion, while in Li

4.3

AlS

3.3

Cl

0.7

, a single type offast-movingionispresentandresponsibleforthehigher

conductivity of this phase.

6

Li

−

6

Li exchange spectroscopy spectra

of

Li

3

AlS

3

revealthattheslowermovingionshopbetweennon-

equivalent Li positions in di f erent structural layers. The absence oftheimmobileionsinLi

4.3

AlS

3.3

Cl

0.7

,asrevealedfrom

7

Liline

narrowing experiments, suggests an increased rate of ion exchange betweenthelayersinthisphasecomparedwithLi

3

AlS

3

.Detailed

analysis of spin

−

lattice relaxation data allows extraction of Li-ion jumpratesthataresigniﬁcantlyincreasedforthedopedmaterial

and identify Li mobility pathways in both materials to be three-dimensional.Theidentiﬁcationoffactorslimitinglong-range

translational Li di f usion and understanding the e f ects of structuralmodiﬁcation(suchasanionsubstitution)onLi-ionmobility

provide a framework for the further development of more highly conductiveLisolidelectrolytes.

■

INTRODUCTION

In recent years, signiﬁcant progress has been made in the

advancement of next-generation energy storage materials,

particularly the implementation of solid-state electrolytes

(SSEs) for the production of all-solid-state batteries

(ASSBs).

1 , 2

Current generation lithium-ion batteries with

liquid electrolytes composed of a Li salt in a solvent o f er

high performance arising from high ionic conductivity and

excellent wetting of the electrode surfaces.

3

Adversely, liquid

electrolytes contain highly volatile and ﬂammable organic

solvents which present safety issues.

4

By comparison, the

application of an SSE mitigates this safety concern and is

further coupled with an increased energy density.

5

However,

overcoming the intrinsically lower ionic conductivity of solids

compared with liquids as well as meeting the requirement for

electrochemical stability versus electrodes remains a substantial

challenge in the deployment of ASSBs.

6 , 7

A room-temperature lithium conductivity target of 10

−

3

S

cm

−

1

has been set for SSEs

6 , 8

based on the conductivities of

current generation liquid electrolytes and has now been met in

several di f erent families of materials, including garnets

(Li

6.65

Ga

0.15

La

3

Zr

1.9

Sc

0.1

O

12

),

9

glass

−

ceramics(Li

2

S

−

P

2

S

5

),

10

thio-LISICONs(Li

9.54

Si

1.74

P

1.44

S

11.7

Cl

0.3

),

11

halide-basedSSEs

(Li

3

YBr

6

),

12

andargyrodites(Li

6.6

Si

0.6

Sb

0.4

S

5

I).

13

Nevertheless,

thesematerialsstillsuferfromlimitationssuchasoneormore

ofthefollowing:airandmoisturesensitivity,highproduction

costs,andpoorcompatibilitywithelectrodematerials.New

high-performancematerialscanbediscoveredbydeploying

designrulesdevelopedbyunderstandingthemechanismsof

lithiumionicconductionandthelimitingfactorstodifusion

processesinsolid-stateelectrolytes.

14

Higher-symmetrystructureswithmixedsiteoccupancyhave

beenshowntoleadtosigniﬁcantimprovementsinionic

conductivity, thereason forwhich remainssomewhat
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