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4. Discussion and Conclusion

Aim: assess the effect of information gathering 
on lunar ISRU deployment decision-making.

Method: multi-objective decision tree analysis, 
Monte Carlo simulations, & Bayesian inference.

Case study: deployment of lunar ISRU pilot and 
full-scale plant in the southern polar region.

Abstract

1. Introduction

In-Situ Resource Utilization (ISRU) : the concept 
of using resources in space (e.g., lunar regolith)

To deploy efficient and feasible ISRU plants on the 
Moon, some critical decisions need to be made 
carefully. However, operational and environmental 
uncertainty makes this decision-making 
challenging. Past studies [1,2] concluded that 
ignoring such uncertainty can lead to inefficient 
or infeasible ISRU design. However, the effect of 
constantly updating our knowledge and how to 
utilise the updated information for decision-
making has not been discussed yet.

References

2. Methodology

Multi-Objective Decision Tree Analysis [3]

Monte Carlo Method

Bayesian Inference

3. Case Study
Deployment of lunar ISRU pilot & full-scale 
plants in the southern polar region. Decision-
makers can pick either the conventional single-
technology architectures or novel hybrid 
architectures [2].

Considering Uncertainty in Lunar O2 Plant Deployment:
A Multi-Objective Sequential Decision Problem Approach
Kosuke Ikeya*, Michel-Alexandre Cardin*, Jan Cilliers*, Stanley Starr*, Kathryn Hadler**
*Imperial College London, **European Space Resources Innovation Centre

With growing interest in human lunar exploration, utilising lunar resources for various applications, such as liquid oxygen for spacecraft propellant, has been 
extensively researched. Decision-making to realise this concept, lunar In-Situ Resource Utilisation (ISRU), can be challenging due to uncertainty in the lunar 
environment and lunar ISRU operations. While previous studies have acknowledged these uncertainties, the impact of continuously updating our knowledge has not 
been thoroughly explored. This research project employs decision tree analysis, Monte Carlo methods, and Bayesian inference to address lunar ISRU as a multi-
objective, sequential decision problem, aiming to evaluate the effects of information gathered on the Moon. A case study of deploying lunar ISRU pilot and full-scale 
plants suggests the significant flexibility added to future decision-making by demonstrating two different oxygen extraction strategies on a pilot scale.

Artistic image of future human lunar exploration.

Design Engineering Research Symposium October 2024

Spacecraft propellant

(Image Credit: ESA)

In-space manufacturing

Astronauts' life support

Decisions: ISRU technology
• Carbothermal Reduction (CR)
• Direct water extraction (WE)
• Parallel hybrid of CR and WE
• Series hybrid of CR and WE

Two-stage decision tree for the case study.

Objectives
• O2 production / system mass
• O2 production/ regolith mass
• O2 production/ input energy
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Conditional probabilities ݌(݁|ܽ) need to be preassigned to each event branches

࢘ ڄ :     performance measure to be maximised
݌  ݁ȁܽ : probability of event ݁ happening under the previous action ܽ
 ࣪ :       Pareto optimal set of actions

ݕ ൌ ݂ ࢞ǡ࢓
 ݂ ڄ :   system model
 ࢞:      deterministic input to the model (e.g., target production rate)
uncertain parameters (e.g., resource content) following probability distribution functions     : ࢓ 

By inputting various sets of ࢓ into the model, the performance of the system ݕ under various 
conditions can be examined as a histogram.

Probability distribution functions need to be updated 
based on the previous actions & events

݌ ݉�ȁ� ௘ࣧ ൌ
݌ ௘ࣧ�ȁ�݉ ݌ ݉

݌ ௘ࣧ
݌  ݉� :   prior probability
݌  ௘ࣧ�ȁ�݉ : likelihood
݌  ݉�ȁ� ௘ࣧ : posterior probability

Chances: relative oxygen yield
• Large, medium, & small 

Result

3D Pareto front of the case study. Each point represents one decision strategy.

Decision strategy example (P.3):
• Pilot plant: parellel hybrid
• Full-scale plant: 
IF  O2 yield from dry regolith is good
AND O2 yield from icy regolith is bad
THEN reduce to CR;
OTHERWISE, reduce to WE

Utopia point

Flexibility added by deploying
 a hybrid pilot plant

The optimal decision strategies can be 
identified by repeating processes ❶ 
&❷ stage by stage from the most 
downstream nodes to upper stream 
nodes (backward Induction)

Summary & Key Findings
• Solving ISRU plant deployment as a multi-objective sequential decision problem.
• A multi-objective decision tree, Monte Carlo simulations, and Bayesian inference are integrated.
• Hybrid pilot plant (Parallel or Series) shows significant flexibility in operations.

[1] J. J. Cilliers, J. N. Rasera, K. Hadler, Estimating the scale of Space 
Resource Utilisation (SRU) operations to satisfy lunar oxygen demand, 
Planetary and Space Science 180 (2020) 104749.
[2] K. Ikeya, F. J. Guerrero-Gonzalez, L. Kiewiet, M.-A. Cardin, J. Cilliers, S. O. 
Starr, K. Hadler, P. Zabel, Hybrid Lunar ISRU Plant: A Comparative Analysis 
with Carbothermal Reduction and Water Extraction, Submitted to Acta 
Astronautica (2024).
[3] Y. Y. Haimes, D. Li, V. Tulsiani, Multiobjective Decision-Tree Analysis, Risk 
Analysis 10 (1990) 111–127. 

Limitations & Future Work
• Potential high computational cost for a more complex case study. 
• Deep uncertainty inherent in lunar ISRU  should be addressed.
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Spatial Ecoacoustics Monitoring 
with a Microphone Array to 
Assess Biodiversity and Reinforce 
Conservation Eorts

An approach to listening 
to unheard sound

Author: Rifqi Ikhwanuddin (ri322@ic.ac.uk)
Supervisors: Lorenzo Picinali and Sarab S. Sethi

Audio Experience Design

Monitoring biodiversity in protected forests is crucial for safeguarding overall 
environmental health, yet traditional methods like observer-based monitoring 
(OBM) are often costly, time-consuming, and limited in scope. Passive Acoustic 
Monitoring (PAM), leveraging the Internet of Things (IoT) and Artificial Intelligence 
(AI), oers a promising alternative. PAM involves deploying smart devices that 
record soundscapes over extended periods, transmitting data to cloud servers 
for analysis. However, current PAM systems face challenges in filtering 
background noise and accurately locating species, especially in complex 
environments like dense forests.

Laboratory Experiments
Soundscape Reproduction: Mimics a forest soundscape in a lab via a multi-
speaker system and ambisonic recordings, assessing MAARU capabilities under 
controlled conditions.
Impulse Response Measurement: Uses Time-Stretched Pulse (TSP) and a 
turntable to measure system impulse response at various angles, crucial for 
beamforming calibration.
Performance Comparison: Compares dierent beamforming techniques 
(Figure 2 and 3) and a monophonic signal using BirdNET for analysis. Finds 
dynamic beamforming, notably MATLAB IR-beamforming, enhances species 
identification, especially for faint bird calls. 

Field Deployments
Deploys an enhanced MAARU with a 4-microphone array in an Indonesian 
national park, marking the first ecoacoustic observation using beamforming in 
Indonesia. This innovative approach allows for biodiversity level measurement, 
ecosystem safeguarding, and the potential discovery of new species in natural 
settings.

This research explores the potential of spatial ecoacoustics monitoring using 
microphone arrays and beamforming techniques to overcome limitations of 
traditional biodiversity monitoring methods. The project leverages the MAARU 
system and aims to establish a robust and aordable technology for studying 
tropical forest soundscapes, ultimately contributing to a deeper understanding 
of these ecosystems and supporting conservation eorts.

The Figure 5 shows a general trend, where the average confidence score 
decreases as the sound level of the bird calls decreases. This trend can be 
attributed to BirdNET's sensitivity to sampling rate and signal-to-noise ratio 
(SNR). This sensitivity is further evident in Figure 4, where the number of 
detected species also decreases as the sound level of the bird calls decreases.

[1] B. E. Heath, R. Suzuki, N. P. Le Penru, J. Skinner, C. D. L. Orme, R. M. Ewers, S. S. 
Sethi, and L. Picinali, “Spatial ecosystem monitoring with a Multichannel Acoustic 
Autonomous Recording Unit MAARU,” Methods in Ecology and Evolution, vol. 15, pp. 
1568–1579, Sept. 2024.
[2] N. Le Penru, A. Borrelli, B. Heath, R. Ewers, S. Sethi, and L. Picinali, “Development 
and Validation of a Test Platform for Spatial EcoAcoustic Technologies,” in 
Proceedings of the 10th Convention of the European Acoustics Association Forum 
Acusticum 2023, (Turin, Italy), pp. 4671–4674, European Acoustics Association, Jan. 
2023.

Figure 4. Comparison of species counts between monophonic and beamformed 
signals at all decreasing bird call levels.

Figure 5. Comparison of BirdNET confidence scores between monophonic and 
beamformed signals at all decreasing bird call levels.

Figure 3. The soundscape recorded in the Multichannel Acoustic Autonomous Recording 
Unit (MAARU) could locate bird calls by estimating the direction of arrival. [2]

Figure 2. Delay-and-Sum (DAS) beamforming technique to maximise signal-to-
noise ratio (SNR) and improve machine learning classification. [1]

Figure 1. MAARU is a multichannel 
acoustic recorder that can run online 
or oline and can be powered by 
batteries or autonomously through 
renewable energy sources. MAARU is 
designed to be built by anyone. All the 
components are purchasable online 
and the code is all open source. [1]
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Go Green: Reducing the Environmental Impact of Operating Theatres 
A behavioural science approach
Dr Sadhana Jagannath, s.jagannath@imperial.ac.uk
Dr Pelin Demirel, Dr Talya Porat, Mr Aws Almukhtar, Dr Gaby Judah, Dr Anouk Zeeuw van der Laan, Carys Batcup 

!"#$#%&' !"#$%&#'() #( *')+"#),

Interviews 
(19 OT staff)

System mapping

Survey (>300 
participants)

intervention 
co-design 
meetings

Review of barriers 
and facilitators

Umbrella review of 
interventions

Observations 
(>30 hours)

What we didBackground

! NHS accounts for 4% of England's total carbon footprint

! Operating Theatres are 3-6 times more energy intensive than the rest of the 
hospital

! 30% of waste in hospitals is generated by Operating Theatres

! Carbon footprint of Operating Theatres in 2019 was 5.7 million tonnes CO2e 
(represents 1.25% of the UK’s total greenhouse-gas emissions)

Behaviour Change Intervention - Pilot
Aim: To reduce unnecessary Non-Sterile Glove use in theatre staff at Surgical Innovation Centre, St. Mary’s Hospital, London

References
! Girou E, Chai SHT, Oppein F, Legrand P, Ducellier D, Cizeau F, et al. Misuse of gloves: the foundation for 

poor compliance with hand hygiene and potential for microbial transmission? J Hosp Infect. 2004 
Jun;57(2):162–9.

! Jeffries SD, Tu Z, Xu H, Harutyunyan R, Hemmerling TM. Use of hand sanitiser as a potential substitution for 
nonsterile gloves in reducing carbon emissions. Br J Anaesth. 2023 Jul 1;131(1):e22–5

! Imperial College Healthcare NHS Trust (2024) Hand Hygiene Policy V3.1 
! CO2 Converter - OpenCO2.net [Internet]. www.openco2.net. 
! Michie, S., van Stralen, M.M. & West, R. (2011). The behaviour change wheel: A new method for 

characterising and designing behaviour change interventions. Implementation Sci 6, 42.
! Aunger, R., & Curtis, V. (2015). A guide to behaviour centred design. London School of Hygiene & 

Tropical Medicine, London.

Bio  
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their built environments for societal and environmental benefits.

Environmental Restructuring
! Provide Gel dispensers
! Laminated Posters

Education
! Clear list of unnecessary behaviours
! Acronym 
! Animation video – Phase 2
! Training – Phase 3

Modelling
! (and) messaging 

from a 
champion 

Intervention options were guided by Behaviour Centred Design framework (Aunger & Curtis, 2015). 
Intervention Functions derived from Behaviour Change Wheel (Michie et al, 2011) are:

W
E 

 F
O

UN
D

Non-Sterile Gloves wasted per 
procedure

Pairs (+/- 2) of  9
Across all NHS theatres in a day, this is equivalent to CO2 emissions 
produced from flying London to Seattle every day.

! Gloves are easily available with 
not enough alternatives

! They promote a sense of safety, 
readiness, competence, 
professionalism

! But there are Inconsistencies 
between and within individuals

INTERVENTION MATERIALS
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Data Manipulation: Post-
processing and clean up of 

3D scan files

Design Synthesis: Import 
scan into CAD software, 

identify desired 
dimensions

Design Synthesis: Update 
CAD model manipulating 

design to fit patient

Manual

Data Manipulation: 
Aligning facial scan to 

template

Data Manipulation: Region 
of Interest extraction

Design Synthesis: 
Parametric modelling via 

API driven CAD
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Clinician identifies 
patients which 

require ventilation

Data Acquisition; clinician 
scans patient’s face

Clinician fits ‘off the shelf’ 
mask

Adequate 
performance 

achieved?

YES
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Traditional
Mass 
produced 
NIV masks

Customised NIV mask
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Fabrication: patient specific 
mask is built

Patient receives 
NIV

n = No. of in 
stock models

Patient receives 
no/invasive 
ventilation

Automating the design and production of customised face masks for 
children with facial differences who need breathing support

Data 
acquisition Post-Processing ConsumersData 

manipulation BuildDesign 
synthesis

BACKGROUND: Non-Invasive Ventilation (NIV) is a treatment to aid breathing, 
which involves a mask connected to a machine which supports a user breathing in 
and out. NIV significantly improves quality of life and life expectancy of the user, 
as well as reducing both hospital admissions and days spent in hospital. Over 
2,000 children in the UK currently need non-invasive ventilation (NIV) to support 
their breathing at home – and for most, this will be a lifelong need.

THE PROBLEM: But ‘off the shelf’ face masks are often a poor fit for children 
especially those with facial differences. If a suitable mask can’t be found, a child may 
need to have an operation to make an opening in the neck directly into their trachea 
(breathing tube).  Issues with poorly fitting masks are not going away anytime soon.

HOW WILL THIS HELP;
- Better therapeutic response.
- Evenly distributed contact pressure.
- More comfortable.
- Caters for population variance.
- Reduction in product cost.
- Outputs are consistent.
- Automation can work 24/7/365.

WHAT THIS STUDY INVOLVES: Establishing a process for the 
automated design of customised face masks and demonstrate 
accuracy and ability to accommodate children with facial 
differences. Utilise 3D scanning technology, computer-aided 
design, 3D printing to automate mask design and production; to 
deliver a cost viable platform to healthcare providers. Our 
proposed intervention will help all those currently at risk of 
under performing NIV due to poorly fitting masks.

Universal design

Custom fit

This study is supported by 
a generous grant from the 

VTCT Foundation 

Dr Connor Myant
Dyson School of Design Engineering

Imperial College London

Prof. Heather Elphick
Consultant in Respiratory and Sleep Medicine

Sheffield Children’s Hospital

Dr Aravind Jayasankar
Dyson School of Design Engineering

Imperial College London
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Green skills and capabilities positively
influence financial performance.
GS and GC have a bidirectional relationship
with each other.
GS and GC’s impact varies based on firm
size, ownership, industry, and institutional
context.

INTRODUCTION
The Paris Agreement has set a global warming target of no more
than 2.0°C above pre-industrial levels, limiting the temperature
increase to 1.5°C (UNFCCC, 2015). Business-as-usual is no longer
feasible to meet economic, environmental and social needs.
Companies need to acquire green skills and build green
capabilities.

OBJECTIVES
Undertake a Systematic Literature Review to Identify:

What are GS and GC? 1.
What is the relationship between GS and GC? 2.
How do GS and GC impact firm financial performance? and 3.
What are the main variables that shape the relationship and
outcome of GS and GC’ impact on firms’ financial
performance? 

4.

METHODOLOGY
Systematic Literature Review was chosen to structurally identify
gaps in the literature related to GS and GC and provide theoretical
and methodological understanding, lending insight into future
developments (Boland et al., 2017). 
Systematic Literature Reviews Ensure:

 Research validity1.
Quality assurance of the revision process2.
Scientific adequacy 3.
Replicability4.
Transparency (Page et al., 2021). 5.

FINDINGS

GS and GC are the foundational building blocks for
the net zero transition.

The concepts of GS and GC are broad, ambiguous
and context-dependent.

GS and GC maintain a bidirectional relationship.

The impact of GS and GC on firm financial
performance is mostly positive, with some caveats.

Firm size and ownership, sectoral and institutional
contexts shape the relationship between GS, GC and
firms’ financial outcomes.

BIO
Cece is a second-year PhD student at the Dyson School
of Design Engineering focusing on the financial impact
of green skills and capabilities in firms. Her research
aims to influence the UK’s firms to pursue a green
transition, advancing the integration of green skills and
capabilities in policy and industrial landscapes. 

IMPLICATIONS FOR FUTURE RESEARCH
While GC are well-covered in literature, GS demand more
focused exploration.

The service sector requires further research to understand
the impact of GS and GC on financial performance.

Research should explore how firm size, ownership, sectoral
differences, and institutional settings influence the
relationship between GS, GC, and financial performance.

Future research should consider the six prominent financial
metrics—growth, profitability, liquidity, market performance,
cost, efficiency and productivity. 

This study provides a conceptual framework for future
research clarifying and operationalising GS and GC.

   

CONCLUSION
GS and GC have a predominantly positive overall financial impact
on firms. Further investigation of UK SMEs in the service sector
across different regions and green skills is required.

REFERENCES
UNFCCC. (2015). Paris Agreement. UNFCCC. https://unfccc.int/sites/default/files/english_paris_agreement.pdf 
Singh, S. K., Del Giudice, M., Chiappetta Jabbour, C. J., Latan, H., & Sohal, A. S. (2022). Stakeholder pressure, green innovation, and
performance in small and medium‐sized enterprises: The role of green dynamic capabilities. Business Strategy and the Environment,
31(1), 500-514. https://doi.org/https://doi.org/10.1002/bse.2906.
Boland, A., Dickson, R., & Cherry, G. (2017). Doing a systematic review: A student's guide.
https://doi.org/http://digital.casalini.it/9781526416582 
Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., & Moher, D. (2021b).
Updating guidance for reporting systematic reviews: development of the PRISMA 2020 statement. Journal of clinical epidemiology,
134, 103-112. https://doi.org/https://doi.org/10.1016/j.jclinepi.2021.02.003

Values and attitudes for
societal and environmental

development

Forward-looking and
strategic planning

capabilities managing
uncertainty for
sustainability

Integration of
sustainability in

business practices for
enhanced

performance
Conceptual framework based on green skills definitions (top), and green capability definitions (bottom)

HOW DO GREEN SKILLS AND GREEN
CAPABILITIES IMPACT FIRMS’
FINANCIAL PERFORMANCE?
Contact: Cece Koczias, ck323@ic.ac.uk

Supervisors: Pelin Demirel, Marco Aurisicchio

ABSTRACT
Does it pay to be green for organisations? This research project examines how green skills (GS) and green capabilities (GC) influence
firms' financial performance. A systematic literature review was conducted to assess existing studies, identifying the variables and
factors shaping the GS-GC relationship and their impact on firms’ financial outcomes.

Knowledge-based skills
for sustainability and
environmental impact

Competencies and
traits influenced by

social settings

Dynamic and adaptive
capabilities for

sustainable
development
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What is a Battery Passport?
The battery passport digitally conveys information 
about battery sustainability, performance, durability, 
material composition, and manufacturer information 
by scanning the QR code on the battery

What problems does the battery passport solve?

Level four is for small text

EU battery regulation:

Battery packs (>2kWh capacity) must have battery passport by:

  2027

Recycler workflow for confidential battery data Conclusion

Proof of concept of battery passport was 
developed ensuring downstream 
stakeholders (recyclers, repairers and 
reusers) authentication and role-based 
access control mechanisms.

Sponsored by:

Improves sustainability by quantifying battery 
carbon footprint across the value chain

Improves safety by sharing safe battery 
disassembly practices

Improves circularity & trust by securely 
sharing battery health information across the 
value chain

Key Components of Battery Passport
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je

c
t Simulating spatial natural soundscapes to 

create a lab-based test environment for (multi-
microphone) field recorders [2]

Spatially segmenting soundscapes for more 
efficient and accurate biodiversity monitoring

Do satellite-sensed Early Warning Signals of 
ecosystem collapse also appear in acoustic 

data?

M
e
th

o
d

s

Created a Virtual Sound Environment (VSE; Fig. 3) – 
spherical array of 25+ loudspeakers – to simulate real, 

spatial natural soundscapes in a lab setting. 

Used the VSE to test performance of MAARU and 
downstream ecological analyses under various 

conditions.

Deployed multi-microphone recorders in the UK, US, 
Brazil and Malaysia. 

Applying signal processing techniques to isolate 
sounds from specific directions (‘beamforming’).

Comparing ecological metrics between beamformed 
and single-microphone signals. 

Looking for common statistical EWS (rise in variance + 
autocorrelation) in ecological metrics derived from:

- ~2 years’ recordings from 3 sites in Amazon (from: 
O. Metcalf – MMU / Sustainable Amazon Network);

- MAARU recordings from 6 sites along land-use 
gradient in Malaysian Borneo (deployed Sep. 2024).

Comparing to EWS in 20+ years’ satellite-derived 
vegetation biomass [3, 4]. Will also apply ML classifier 

for detecting tipping points to acoustic data.

(In
iti

a
l) 

R
e
su

lts

VSEs can be a powerful tool for evaluating 
ecoacoustic hardware and software, but can be 

sensitive to inaccuracies in the sound field 
reconstruction technique.

Beamforming can improve species call classifier 
performance (Fig. 4) and shows potential for efficiently 

differentiating between neighbouring habitats / land 
use types.

Patterns observed in biomass may not appear in 
shorter-term acoustic data (Fig. 5), but looking for 

acoustic-based EWS across a land-use gradient holds 
promise.

Pioneering new methods in acoustic ecosystem monitoring for:
1. Testing recorders in the lab under more lifelike conditions;
2. Spatially segmenting soundscapes to understand habitat 

structure;
3. Acoustically sensing approaching ecosystem tipping points.

Developing and deploying spatial audio 
recorders for sensing the structure, health and 
resilience of ecosystems. PhD Overview
Neel Le Penru (NPL16@ic.ac.uk), Becky Heath, James Skinner, Giulia 
Gieve, Shujie Chang, Sarab Sethi, Robert Ewers, Lorenzo Picinali.

Why? 
Ecosystems are under unprecedented, intensifying 
pressure from human activity and climate change. 

Acoustic monitoring of soundscapes – animal, 
human and environmental noise – is a powerful tool 
for tracking ecosystem health.

Capturing spatial audio with multi-microphone 
recorders can unlock insights into animal abundance 
and behaviour, and habitat structure.

Determining whether EWS of tipping points emerge 
in acoustic data could provide a vital extra route to 
detect abrupt, potentially irreversible ecosystem 
collapse in time to intervene.

How?
We deploy Multichannel Acoustic Autonomous Recording Units 
(MAARUs) globally to validate our tools and monitor diverse ecosystems.

MAARU is an open-source, accessible recorder developed in-house [1]. 
It features a 6-microphone array connected to a Raspberry Pi with a 4G 
dongle and solar power source, enabling near real-time, autonomous 
monitoring (Fig. 2)..

Ecological inferences are then generally derived from acoustic data by:
1. Spectral analysis: examining activity at different sonic frequencies.
2. Calculating acoustic indices: hand-crafted ecological metrics that 

exploit spectral and other properties of the sound.
3. Running species call classifiers, that can identify particular species’ 

calls, e.g., BirdNET (can ID 1000s of birds worldwide).
4. Extracting feature embeddings of machine learning (ML) models, 

i.e., numerical outputs of ML classifiers with the final network layer(s) 
removed, which often reflect ecological patterns.

Our team develops and applies novel technologies for acoustically 
monitoring some of the world’s most biodiverse – and vulnerable – 
ecosystems. In recorder deployments across four continents (AS, EU, 
NA, SA), we are demonstrating new possibilities for sensing the spatial 
distribution of sounds (and thereby, animals) and, for the first time, 

exploring whether Early Warning Signals (EWS) of ecosystem collapse 
appear in the acoustics domain. We have also developed a new way to 
use the lab as a lifelike test environment, allowing recording hardware to 
be more rigorously benchmarked before field deployment.

Introduction

Bio
Neel Le Penru is a final-year PhD student in the Audio Experience Design group, 
funded via the Science and Solutions for a Changing Planet DTP at the Grantham 
Institute. He graduated from the Design Engineering MEng at Imperial College in 2020.
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Towards using virtual acoustics for evaluating spatial ecoacoustic monitoring 
technologies. Methods in Ecology and Evolution. [In press] 2024.
[3] Boulton CA, Lenton TM, Boers N. Pronounced loss of Amazon rainforest 
resilience since the early 2000s. Nature Climate Change. 2022; 1–8.
[4] Lenton TM, Buxton JE, Armstrong McKay DI, Abrams JF, Boulton CA, Lees 
K, et al. A resilience sensing system for the biosphere. Phil Trans R Soc B. 
2022;377(1857):20210383.

Thesis Sub-Projects

Fig. 1. Left: MAARU field recorder deployment in UK (Imperial College Silwood Park campus, Ascot, UK); 
Middle: Professional tree climbers install a MAARU to a tree near the Danum Valley Conservation Area, Sabah, Malaysia; 
Right: approximate locations of MAARU deployments for this PhD.

Fig. 2. Breakdown of the MAARU recorder’s components and powering system, and example deployment strategies. By leveraging 
its 6 microphones, MAARU can be used to estimate sounds’ direction of arrival or to tune in to specific directions [1].

Fig. 3. 25-loudspeaker Virtual Sound Environment with 
MAARU recorder mounted at its centre.

Fig. 4. Distribution of BirdNET predictions’ confidence scores 
from monophonic (single omnidirectional microphone) signals 
versus signals beamformed to pre-set directions.

Fig. 5. Autocorrelation and variance of two acoustic indices from 
recordings in the Amazon rainforest.
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G.O.G: A Versatile Gripper-
On-Gripper Design for 
Bimanual Cloth Manipulation 
with a Single Robotic Arm

Introduction

Dongmyoung Lee*, d.lee20@imperial.ac.uk

VFG

WCG

Gripper Design
0mm

500mm
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• Ground truth mask is generated by halving the 
image’s contours along the folding direction.

• The result indicates that the complex bimanual cloth 
folding tasks can be implemented well.

• However, a slight decrease in performance can also be 
observed at the 2-fold stage.

2-Fold (MIoU / WR)1-fold (MIoU / WR)
0.868 / 0.00590.917 / 0.0047

“Mechanical design can improve
robotic automation for

complex bimanual manipulation,
Using only a single robotic arm.”

Wei Chen*, w.chen21@imperial.ac.uk
Supervisor: Dr. Petar Kormushev

• Deformable object manipulation is challenging due to 
extensive variability in shape, size, and material 
property.

• Most prior works focused on robot perception and 
control and employed commercial grippers with dual 
arms for bimanual manipulation.

• This generally increases the overall cost of the robotic 
system and its control complexity.

• This work proposes a novel gripper design for bimanual 
cloth manipulation tasks using a single robot arm.

• Width Control Gripper (WCG):
• Adjust the gripper opening width

• Actuated by a single stepper motor using tendons
• Allow two VFGs not only to function as a single 

gripper (0mm), but also to extend outward to 
approximately 500mm

• Variable Friction Gripper (VFG):
• Achieve secure grasping and flattening motion 

passively by controlling the torque of DC motors

Abstract
In this paper, we introduce a novel gripper design, called 
G.O.G, specifically designed to facilitate bimanual cloth 
manipulation using only a single robot arm.

Demonstration

• Explore the potential of our gripper by doing bimanual 
cloth hanging and flattening tasks

Results

Conclusion
G.O.G. significantly reduce experimental costs and 
control complexity, while the successful implementation
of complex bimanual cloth manipulation tasks.

Bio
Dongmyoung Lee is a PhD candidate at the 
Dyson School of Design Engineering, Imperial 
College London. His research focuses on 
innovative gripper design and control systems 
for the manipulation of deformable objects. 
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