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Imperial College

London

International Research Opportunities Programme 2022-23

Research project description for Tokyo Tech students

Supervisor | Dr Prasun Ray https://www.imperial.ac.uk/people/p.ray

Department | Mathematics

Project title | Analysing global climate networks

Project

description | This project will work with historical global weather data. The datasets will be
analysed and processed to construct networks where nodes represent geographical
regions and links are placed between two nodes when the data for two regions is
strongly correlated. Then, tools from network science and data science related to
community detection and clustering will be applied to the networks to generate
insight into how the global climate has evolved over recent decades.
This will be a group project including students from Imperial.

Skills and Tokyo Tech can potentially send 3™ and 4™ year undergraduate and master level students

experience | (please specify any preference):

required
Experience with Python programming, and either data science or network science
would be very helpful.

Number of | 1-2

students

the project

could host



https://www.imperial.ac.uk/people/p.ray

Imperial College

London

International Research Opportunities Programme 2022-23

Research project description for Tokyo Tech students

Supervisor | Professor Kevin Buzzard - Home - Professor Kevin Buzzard (imperial.ac.uk)

Department | Mathematics

Project title | Formalising algebraic geometry

Project

description | This project is about teaching algebraic geometry to a computer proof assistant.
Algebraic geometry is a vast subject area, and there are plenty of results in it which
have never been taught to a computer before, ranging from the straightforward to
the difficult. | am involved in a project teaching algebraic geometry to the Lean
theorem prover and there are plenty of things which are accessible to
undergraduates.

Skills and

experience | Any mathematics or Maths + Computing student would be fine. Ideally they would

required have played the “natural number game” first -
https://www.ma.imperial.ac.uk/~buzzard/xena/natural number_game/

Number of | 1-2 or more

students

the project

could host



https://www.imperial.ac.uk/people/k.buzzard
https://www.ma.imperial.ac.uk/%7Ebuzzard/xena/natural_number_game/

Imperial College

London

International Research Opportunities Programme 2022-23

Research project description for Tokyo Tech students

Supervisor | Professor Colin Cotter https://www.imperial.ac.uk/people/colin.cotter

Department | Mathematics

Project title | Computational modelling of paper models

Project

description | When paper is deformed, it must be modelled as a special type of elastic
deformation that does not allow the material to be stretched — it must just be curved
out of the plane. This is an example of an isometric material, which also has
applications in robotics, nanotechnology and architecture. In this project we will
build a computational tool that predicts the shape that will emerge when several
pieces of paper are glued together in different ways, to make models such as those
on https://curvahedra.com. This will involve developing an implementation of a finite
element approximation using a Python-based library called Firedrake (firedrake-
project.org).

Skills and

experience | Students should have knowledge of multivariate calculus.

required Students should have an interest in numerical modelling of partial differential
equations and their iterative solution on a computer, and an enthusiasm for
implementing mathematical algorithms as code.

Number of | 1

students

the project

could host



https://www.imperial.ac.uk/people/colin.cotter

Imperial College

London

International Research Opportunities Programme 2022-23

Research project description for Tokyo Tech students

Supervisor | Dr Elena Dieckmann & Professor Robert Shorten Home - Dr Elena Dieckmann
(imperial.ac.uk) Robert Shorten
Department | Dyson School of Design Engineering
Project title | KUPcrush!
Project
description | This project involves developing a circular economy using DLT and reverse vending
machines. There is a trial going on at Dyson School of Design Engineering to take
back coffee cups and creating a token system (IOTA) to manage material flows.
This project could address different research topics, such as research on user
behaviour, UX design for the reverse vending machines and coding for App design/
IOTA integration. The project will utilise the output of the MEng Master Project
Students who finish their projects in July 2023. The student will work in collaboration
with a PhD in the Labs at Imperial. They will be integrated in the 13 — Lab and
research activities concerning circular economy, enabled by DLT.
Skills and
experience - 4th-year students only
required - Advanced English Skills
- Mechanical Engineering
- Electrical Engineering
- Coding in Python
- Raspberry PI
- Data Science
Number of | 2-3
students
the project
could host



https://www.imperial.ac.uk/people/elena.dieckmann13
https://www.imperial.ac.uk/people/elena.dieckmann13
https://robertshorten.com/

Imperial College
London

International Research Opportunities Programme 2022-23

Research project description for Tokyo Tech students

Supervisor | Dr Elena Dieckmann Home - Dr Elena Dieckmann (imperial.ac.uk)

Department | Dyson School of Design Engineering

Project title | Augmented Biomaterials & Circular Textiles

Project
description | This project involves supporting the development of advanced manufacturing
processes using custom build sensors and software for biomaterial production.
The project will utilise the output of the MEng Master Project Students who finish
their projects in July 2023. The student will work in collaboration with a PhD in the
Labs at Imperial.

Skills and
experience - 4th-year students only
required - Advanced English Skills
- Mechanical Engineering
- loT
- Coding in Python
- Raspberry PI

- Data Science

Number of | 1-2
students

the project
could host



https://www.imperial.ac.uk/people/elena.dieckmann13

Imperial College

London

International Research Opportunities Programme 2022-23

Research project description for Tokyo Tech students

Supervisor

Dr Lorenzo Picinali  https://www.imperial.ac.uk/people/l.picinali

Department

Dyson School of Design Engineering

Project title

3D audio processing through Generative Adversarial Networks (GANSs)

Project
description

A Head-Related Transfer Function (HRTF) describes how a sound wave coming from a
source is modified before reaching the entrance of the left and right ear canals of a given
listener. HRTFs are used in many areas and applications, from the creation of immersive
audio content to the development of novel hearing aid technologies.

Considering that this filter differs depending on the relative position and orientation
between the source and the listener, an HRTF Set is a group of HRTFs corresponding to
several source positions sampled (possibly uniformly) at a given distance (distance-
dependency of HRTFs is not object of the proposed project) around the listener.
Considering that the morphological features of the external ear (e.g. pinna) and other
relevant body parts (e.g. head and torso) contributing to the HRTF filtering are different
between different individuals, HRTF Sets should be measured for every single person.
The process for doing that is rather costly and time consuming, therefore generalised
HRTFs, other types of estimation methods, are often used, resulting in a decrease efficacy
(e.g. perceived realism, cues for auditory scene analysis, etc.) of the filter.

One way to approach this problem is to measure HRTF Set using a small number of
positions, and to then derive the HRTFs for the missing positions using interpolation
techniques. Generative Adversarial Networks (GANs) can be used to perform this task,
with the potential of giving more accurate and effective results if compared with traditional
interpolation methods.

The proposed project aims at exploring the use of GANs for the interpolation between
HRTFs in sparse-sampling conditions, looking at the problem for individual subjects, and
at the possibility of applying transfer learning in order to generalise the problem to other
HRTF Sets.

This project has already involved three MSc students in the past years, and the work
resulted in a journal publication:
(https://www.frontiersin.org/articles/10.3389/frsip.2022.904 398/full#supplementarymaterial.
Several challenges are though still open, and we are looking for other students to tackle
them!

Skills and
experience
required

The preference would be for 4" year students.

The required skills are:
o Comfortable with Python programming
e Good understanding of statistical analysis (descriptive and inferential)
e Already had an introduction to machine learning

The desirable skills are:
e Comfortable with Matlab programming



https://www.imperial.ac.uk/people/l.picinali
https://www.frontiersin.org/articles/10.3389/frsip.2022.904398/full#supplementarymaterial

e Experience with using Python machine learning tools and libraries (e.g. PyTorch
o Past experience with audio technologies and digital signal processing.

Number of
students

the project
could host
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