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Professor Aniké Ekart

Anikd Ekart is professor of Articial Intelligence at Aston University. Following her PhD at the E6tvos Lorand University,
Hungary, she worked at the University of Birmingham as lecturer and at the Institute for Computer Science and Control,
Budapest as senior research fellow. She has started as a lecturer at Aston University in 2006 and has taken various roles
since, including Programme Director for MSc programmes in Artificial Intelligence, Associate Dean Postgraduate Taught
Programmes and more recently Director of Research Degree Programmes in the College of Engineering and Physical
Sciences. She is the director of the recently launched Aston Centre for Artificial Intelligence Research and Application
(ACAIRA). Her research interests are centered around artificial intelligence methods and their application, with a focus on
evolutionary algorithms and genetic programming. Following genetic programming performance improving methods, she
has successfully contributed to applications of Al techniques to health, engineering, transport, and art. Aniké enjoys
interdisciplinary collaborations and has a large network of co-authors. She is author of 140 publications and her work has
been cited over 3500 times (h-index 27). She is lead partner editor for the Springer Nature Computer Science journal’s
topical issue Evolutionary Computation and Applications comprising selected extended papers from the Evo* conference
every year. Anikd worked on numerous externally funded projects, including European Commission funded projects
ADVANCE, EXCELL and INVeST, and Knowledge Transfer Partnerships with Thames Laboratories, Smart Apprentices and
Arcus Solutions, leading the Aston team or contributing the Artificial Intelligence element. She successfully completed nine
PhD supervisions (four as main supervisor, five as associate supervisor) and is currently co-supervising five PhD students.
She hosted two international students for summer projects on evolutionary art (one of which contributed to a conference
and a journal paper) and one external PhD student for a Bioinformatics mini-project. In 2022 she was honoured with the
Evo* Award for Outstanding Contribution to Evolutionary Computation in Europe.

Dr Elizabeth Wanner

Elizabeth Wanner is a Reader in Computer Science at Aston University. She earned her PhD in Electrical Engineering from
the Universidade Federal de Minas Gerais, Brazil, and subsequently held academic positions as an Associate Professor at
both the Universidade Federal de Ouro Preto and the Centro Federal de Educa¢do Tecnoldgica de Minas Gerais. Since
joining Aston University as a Lecturer in 2017, she has taken on a range of leadership roles, including Associate Dean for
Researcher Development, Director of Research Degree Programmes, and, more recently, Associate Dean for Research and
Enterprise in the College of Engineering and Physical SciencesDuring her tenure as Associate Dean for Researcher
Development, the College achieved an overall PRES student satisfaction rate of 88.5%, representing a significant
improvement compared to the previous survey cycle.

Her research lies at the intersection of Optimization, Artificial Intelligence, and Applied Mathematics, with interests
spanning both theoretical and practical aspects. Key topics include evolutionary computation, quadratic approximations,
handling of equality constraints, performance assessment of evolutionary algorithms, mono- and multi-objective
optimization, and nonlinear programming. Elizabeth is passionate about interdisciplinary research and maintains an
extensive network of international collaborators. Elizabeth is the author of over 150 publications, including journal articles,
conference papers, books, and book chapters. She has contributed to several externally funded research projects, including
those supported by FP7-People, the Leverhulme Trust, and multiple Brazilian funding agencies. She has also established
strong industry partnerships, collaborating with organisations such as CEMIG Distribution, the Brazilian Ministry of
Education, Patrus Transportes, among others. Elizabeth has successfully supervised nine PhD students as the main
supervisor and over ten as an associate supervisor. She is currently supervising three PhD students as main supervisor and
four as associate supervisor. Elizabeth has a fruitful collaboration with leading experts in Multi-objective Optimisation,
including Prof. Kalyanmoy Deb, Prof. Peter Fleming, and Prof. Carlos Fonseca. These collaborations span high-impact
research outputs as well as joint supervision of PhD students.
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2 — Description of the Research Group

Professor Ekart and Dr Wanner are members of the Aston Centre for Artificial Intelligence Research and Application
(ACAIRA) https://www.aston.ac.uk/research/eps/acaira , which was launched in February 2024 under the leadership of
Prof Ekart. The Centre brings together 25 academic staff from various departments within the School of Computer Science
and Digital Technologies, along with their PhD students and approximately 200 MSc students every year who contribute
to the Centre through their dissertations.

ACAIRA is dedicated to co-creating Al-driven solutions with external stakeholders, using artificial intelligence to promote
fairness and equity in line with the 17 United Nations Sustainable Development Goals (UN SDGs). Its primary mission is to
deliver measurable societal impact through:

1. The development of principled and tailored Al solutions to address contemporary challenges in health, society,
and the environment, in close collaboration with SMEs, local authorities, and governmental organisations; and

2. Educating the next generation of Al leaders.

The Centre's research is organised around five research themes: Al in Health, Sustainability and Transport, Trust and Ethics,
Autonomous Robots and Agents, and Evolutionary and Adaptive Intelligence. The proposed SPECIES scholarship project
aligns with the Sustainability and Transport and the Evolutionary and Adaptive Intelligence themes.

2.1 Collaborations

ACAIRA's research is inherently cross-disciplinary, involving collaborations with colleagues from across Aston University
and with a diverse array of external partners. Industrial projects include knowledge transfer partnerships with Agilysis
developing an air quality prediction tool for transport planning applications, Thames Labs creating an Artificial Intelligence-
based tool for improving the efficiency of social housing repairs, Aurrigo for autonomous baggage vehicle fleet
management, and co-funded PhD studentships with Gymshark and the Royal Orthopaedic Hospital. These collaborations
enhance ACAIRA's global reach and reinforce its commitment to advancing responsible and impactful Al research and
applications.

2.2 Physical Environment

Aston University is a university located in the heart of Birmingham, the second largest city in the United Kingdom. Its
compact, green campus is situated within walking distance of Birmingham'’s bustling city centre, offering easy access to a
wide range of amenities, including shops, restaurants, cultural attractions, and excellent transport links via train, bus, and
tram. The university is known for its strong industry connections, world-class teaching, and commitment to employability
and social mobility.

The College of Engineering and Physical Systems (EPS) fosters a collaborative and supportive environment for staff and
student alike. The university’s commitment to equality, diversity, and inclusion is evidenced by its Athena Swan Gold Award,
recognising efforts to advance gender equality, and its Race Equality Charter Bronze Award, highlighting ongoing work to
address racial inequalities and promote inclusive practices across all levels.

Our postgraduate researchers and research associates occupy three shared office areas within the School of Computer
Science and Digital Technologies on the 2" and 3" floor of the Main Building. Our facilities include a workshop and a lab
with various robots and Virtual Reality headsets for research purposes. Researchers are encouraged to work on campus
and use the opportunities to engage with their peers, attend various in-person training, journal clubs and other events
around the five research themes of the Centre, as well as research seminars, including the fortnightly seminar series within
ACAIRA, with a mix of internal and external speakers.

PhD students at Aston University have access to the advanced High-Performance Computing infrastructure, including the
TAURUS cluster and EPRSC-funded cloud resources. This enables them to conduct cutting-edge research, perform complex
simulations, and drive Al innovation across disciplines within a collaborative research environment.


https://www.aston.ac.uk/research/eps/acaira
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3 — Description of the work — Multiple Heterogeneous Container Loading: A Multiobjective Approach

The Container Loading Problem (CLP) is a classic optimization challenge in logistics, involving the efficient packing of rectangular items
into a single cuboid container to minimize wasted space. Its more complex variant, the Multiple Heterogeneous Container Loading
Problem (MHCLP), extends this to packing items into multiple containers of different sizes and capacities. The goal is to assign items to
containers and find feasible packing arrangements that minimize the number of containers used, maximize space or weight utilization,
and reduce costs. Key practical constraints include item orientation, load stability, and weight distribution.

MHCLP is increasingly relevant in modern logistics, where heterogeneous containers are the norm. As reported by the Pitney Bowes
Global Parcel Shipping Index [2], 161 billion parcels were shipped globally in 2022, a figure projected to reach 225 billion by 2028. Real-
world loading problems often demand handling container heterogeneity, adding considerable complexity to optimization. Effective
solutions can deliver significant cost savings, improved resource usage, and environmental benefits through better load planning and
routing.

Despite its practical importance, most existing research has focused on single container scenarios [3], with limited work addressing
multiple containers—especially with size variation [1, 4]. Furthermore, the multi-objective nature of MHCLP is often neglected, and
even when considered [5], the multiple criteria are rarely fully explored. These problems are NP-hard and become more difficult when
real-world constraints are included. A key limitation of many approaches is the lack of attention to loading sequences. Solutions that
ignore how items are physically loaded may be infeasible in practice, as an item may not be insertable without unloading others, or
could not fit through the door, necessitating changing a standard container to a so-called open-top container.

Given these challenges, advanced heuristics and metaheuristics are essential for tackling MHCLP in real-world settings. Genetic
Algorithms (GAs), in particular, have shown promise. For example, in [6], a tailored GA outperformed other methods on 3D bin-packing
benchmarks, while in [7] an innovative, yet simple GA solution was devised for the loading sequence, inspired by a real-world logistics
problem from a company (Mechatherm International Ltd).

To advance the field, and building on our prior work [6, 7], we propose several new contributions: (1) exploring multi-objective
optimization techniques to balance space utilization, stability, and costs; (2) incorporating load balance constraints for transport safety;
(3) modeling company-specific constraints, such as assembly-subassembly relationships; and (4) conducting rigorous testing using both
real-world and synthetic datasets to ensure robustness and generalizability. Close collaboration with Mechatherm International Ltd is
planned throughout this project, via regular meetings. The plan for the work is shown below.

Activity Wl W2 W3 W4 |W5 W6 W7 W8 |WI9 W10 WI11 W12

Create multi-objective algorithm

Test multi-objective on synth data

Add balance constraints
Test balance constraints on synth data

Generic solution completed

Add company constraints
Test company constraints on real data
Real-world solution completed .

Conduct experiments

Draft EvoApps paper

REFERENCES

[1] Bischoff, E.E., Ratcliff, M.: Issues in the development of the approaches to container loading. Omega 23(4), 377-390 (1995).

[2] PitneyBowes: Parcel shipping index (2023) https://www.pitneybowes.com/content/dam/pitneybowes/us/en/shipping-index/23-mktc-
03596-2023 global parcel shipping index ebook-web.pdf. Accessed May 2025

[3] Gajda, M., Trivella, A., Mansini, R., Pisinger,D.: An optimization approach for a complex real-life container loading problem. Omega 107,
102559 (2022).

[4] Eley, M.: Solving container loading problems by block arrangement. EJOR 141 (2), 393 — 409 (2002).

[5] Hu, Y., de Laat, C., Zhao, Z.: Multi-objective Container Deployment on Heterogeneous Clusters. 2019 IEEE/ACM International Symposium
on Cluster, Cloud and Grid Computing, 592-599 (2019).

[6] Dornas, A.H., Martins, FV.C., Sarubbi, J.F.M., Wanner, E.F.: Real-Polarized Genetic Algorithm for the Three-Dimensional Bin Packing
Problem. GECCO, 785 — 792, (2017).

[7]1 Rusin, F., Fiala, J., Sanker, J., Bhattarai, S., Ekart, A.: The Importance of Being Earnest: Multiple Heterogeneous Container Loading with a
Simple Genetic Algorithm. International Conference on The Applications of Evolutionary Computation (part of EvoStar), 482 — 495, (2025).



https://www.pitneybowes.com/content/dam/pitneybowes/us/en/shipping-index/23-mktc-03596-2023_global_parcel_shipping_index_ebook-web.pdf
https://www.pitneybowes.com/content/dam/pitneybowes/us/en/shipping-index/23-mktc-03596-2023_global_parcel_shipping_index_ebook-web.pdf

Aston University
4 — Other relevant information

Birmingham, UK is a vibrant, multicultural city with a rich industrial heritage and a growing reputation as a hub for business,
technology, and the arts. It offers an exciting mix of traditional markets, modern shopping centres like the Bullring, and
renowned cultural venues such as the Birmingham Museum and Art Gallery, Symphony Hall, Birmingham Hippodrome,
Birmingham Rep and the Alexandra theatre. The city is also well connected to the rest of the UK and Europe, with
Birmingham International Airport just a short journey from the campus.

Aston University has various student accommodation on campus, managed by Unite Students, all within a few minutes’
walk from the Main Building, where we are located. Postgraduate accommodation is in the William Murdoch building.
While accommodation in student halls is typically offered for a semester or a full academic year, depending on availability,
short term accommodation may be offered. Additionally, Aston University’s Students’ Union has an official accommodation
support service, Aston Students' home (ASH), they advertise vetted private accommodation, including short lets. Aston
Students’ Union also has its own student accommodation, Aston Green.



