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Preface

The collection of papers in these twelve book volumes constitutes the Proceedings
of the Tenth International Conference on Research into Design (ICoRD’25) held
at the Indian Institute of Technology Hyderabad, India, during 8—10 January 2025.
ICoRD’25 is the tenth in a series of biennial conferences held in India to bring together
the international community from diverse areas of design practice, teaching, and
research. The goals are to share cutting-edge research about design among its stake-
holders; aid the ongoing process of developing a collective vision through emerging
research challenges and questions; and provide a platform for interaction, collab-
oration, and development of the community in order for it to address the global
and local challenges by forming and realising the collective vision. The conference
is intended for all stakeholders of design and, in particular, for its practitioners,
researchers, teachers, and students.

About 1228 abstracts were submitted to ICoRD’25, from which 1184 were
accepted for full paper submission. A total of 699 full papers were submitted, which
were reviewed by experts from the ICORD’25 International Programme Committee
comprising 319 members from over 214 institutions or organisations from 44 coun-
tries spanning five continents. Finally, 486 full papers that were authored by 1333
researchers (981 unique authors, actually 1333 author entries in 486 papers) from
16 countries spanning 5 continents were selected for presentation at the conference
and for publication as chapters in this book. ICoORD has steadily grown over the
last eight editions, from a humble beginning in 2006 with 30 papers and 60 partic-
ipants, through 75 papers and 100 participants in ICoRD’09, 100 papers and 150
participants in ICoORD’ 11, 114 papers and 170 participants in [CoORD’ 13, 118 papers
and 200 participants in ICoRD’15, 177 papers and 230 participants in [CoRD’17,
169 papers and 352 participants in ICoRD’19, 235 papers and 271 participants in
ICoRD’21 (online), and 300 papers and 420 participants in [CoRD’23.

ICoRD’25 had 486 podium papers. It had six keynotes from prominent researchers
and practitioners from around the world, such as Professor Pascal Le Masson from
Mines Paris—PSL Research University, France; Professor Sophie Isaksson Hallstedt
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from Chalmers University of Technology, Sweden; Dr. Arun Jaura from SAE Inter-
national and former CTO Hero Motorcorp; Professor Janet K. Allen from University
of Oklahoma, USA; Professor Puneet Tandon from Indian Institute of Information
Technology, Design and Manufacturing, Jabalpur, India; and Professor Amarendra
Kumar Das from the Indian Institute of Technology Guwahati, India. It had two
panel discussions on ‘Panel Discussion on Design Education’ and ‘Panel Discus-
sion on Publishing Design Research’, 22 workshops which included Ph.D. Students
Symposium and Publishing Workshop and a networking event ‘Young Researchers’
Meet’.

Since 2015, ICoRD has initiated ICONNN Awards (acronym for ICoRD
Outstanding Contribution to desigN scieNce and educatioN) to be given to two
outstanding contributors to design education and research at each ICoRD. Professor
Sudhakar Nadkarni from Welingkar Institute of Management, India, and Professor
John Gero from George Mason University, USA, were selected as the ICONNN
awardees for 2015. Professors Amit Ray from Shiv Nadar University, India, and Cees
de Bont from Hong Kong Polytechnic University, Hong Kong, had been selected
as the ICONNN awardees for 2017. For ICoRD’19, the ICONNN awardees are
Professor Imre Horvath from Delft University of Technology, the Netherlands, and
Professor T. S. Mruthyunjaya from Indian Institute of Science, Bengaluru, India. For
ICoRD’23, the ICONNN awardees are Professor Uday Athavankar from MIT School
of Design, Pune, India, and Professor Farrokh Mistree from University of Oklahoma,
USA. For ICoRD’25, the ICONNN awardees are Professor B. Gurumoorthy, Indian
Institute of Science, India, and Professor Peter Childs, Imperial College, London,
UK.

The chapters in the 12 book volumes together cover all three major areas of
products and processes: functionality, form, and human factors. The spectrum of
topics ranges from those focusing on early stages, such as creativity and synthesis,
through those that are primarily considered in later stages of the product life cycle,
such as safety, reliability, or manufacturability, to those that are relevant across the
whole product life cycle, such as collaboration, communication, design management,
knowledge management, cost, environment, and product life cycle management.
Issues of delivery of research into design, in terms of its two major arms: design
education and practice, are both highlighted in the chapters of the book volumes.
Foundational topics, such as the nature of design theory and research methodology,
are also major areas of focus. It is particularly encouraging to see in the chapters
the variety of areas of application of research into design—aerospace, health care,
automotive, biomedical, and so on.

The theme of ICoRD’25 is ‘Responsible and Resilient Design for Society’. The
contemporary world is in the midst of significant shifts, encompassing everything
from climate change to the rapid advancements in artificial intelligence. These trans-
formations impact the fabric of everyday human lives and society as a whole. In
this context, design emerges as a crucial player, offering a pivotal role in navigating
these changes to foster a balanced and just world. This conference edition places a
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spotlight on the theme of ‘Responsible and Resilient Design for Society.” Here, the
design research community underscores the importance of adopting approaches that
contribute to building a resilient society while acknowledging the responsibilities
that come with being designers and researchers.

On behalf of the Steering Committee, Advisory Committee, Organising Commit-
tees, and Co-chairs, we thank all the authors, delegates, institutions, and organisations
that participated in the conference. We also thank the members of the International
Programme Committee for their support in reviewing the papers for ICORD’25,
which is essential for maintaining the quality of the conference, and for their support
in putting this book together.

We are thankful to the Design Society and Design Research Society for their
kind endorsement of ICORD’25. We thank the Indian Institute of Technology (IIT)
Hyderabad and its Department of Design, and the Indian Institute of Science (IISc)
Bengaluru and its Department of Design and Manufacturing (formerly Centre for
Product Design and Manufacturing (CPDM)) for their support of this event. We also
wish to place on record and acknowledge the enormous support provided by the
Local Organising Committee in managing the review process, in preparation of the
conference programme and this book and the conference as a whole. In particular,
we wish to thank Ms. Mary Ranjeetha and Mr. Sumit Yempalle for their valuable
contributions during the preparatory stages of [CORD’25. We also thank the large and
dedicated group of student and staff volunteers of IIT Hyderabad and IISc Bengaluru
for the organisation of the conference. We also thank the sponsors, Suzuki Innovation
Centre and Oil India Limited, for their generous support for the conference. Finally,
we thank Springer Nature, especially its Editor Ms. Swati Meherishi and her editorial
support team, for their wonderful support, including their sponsoring of the Springer
book vouchers for the ICONNN awardees and the winners of Distinguished Paper
Awards at ICORD’25.

Bengaluru, India Amaresh Chakrabarti
Bengaluru, India Vishal Singh
Hyderabad, India Prasad S. Onkar

Hyderabad, India Mohammad Shahid



About the Conference

Design is ubiquitous; it pervades all spheres of life and has been around as long as
life has taken up the task of purposefully changing the world around it. Research
into design and the emergence of a research community in this area have been rela-
tively new. Its development has been influenced by the multiple facets of design
(human, artefact, process, organisation, the micro- and macro-economy, and the
ecology by which design is shaped) and the associated diversification of the commu-
nity depending on the facets of focus or that of their applications. Design is complex,
balancing the needs of multiple stakeholders and requiring a multitude of areas of
knowledge to be utilised, with resources spread across space and time. ICoORD’25
is the tenth in a series of conferences intended to be held every two years in India,
to bring together the international community from diverse areas of design practice,
education, and research. It aims to showcase cutting-edge research about design to
the stakeholders; aid the ongoing process of developing and extending the collective
vision through emerging research challenges and questions; and provide a platform
for interaction, collaboration, and development of the community in order for it to
take up the challenges to realise the vision. The conference is intended for all stake-
holders of design and, in particular, for its practitioners, researchers, pupils, and
educators.

The collection of papers in these twelve book volumes constitutes the Proceed-
ings of the Tenth International Conference on Research into Design (ICoRD’25)
held at the Indian Institute of Technology Hyderabad, India, during 810 January
2025. ICoRD series was initiated in 2006 by the Department of Design and Manu-
facturing—DM (formerly Centre for Product Design and Manufacturing (CPDM))
at the Indian Institute of Science (IISc), Bengaluru. Since then, it has been hosted
in 2009, 2011 (both at IISc), 2013 (at IIT Madras), 2015 (IISc), 2017 (IIT Guwa-
hati), 2019 (IISc), 2021 (IIT Bombay), and 2023 (IISc). DM has pioneered design
research in India for the last two decades. IISc is one of India’s leading science
and technology institutions and is one of the Institutes of Eminence decreed by the
MoE, Government of India. ICORD’25 was hosted by IIT Hyderabad in its vast
premise, showcasing the newest face of India’s higher education ecosystem. IITH
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was founded in 2008 and is one of the fastest growing institutes of higher education in
India. It has been ranked consistently among the best academic institutions in India,
with every institute ranked above it being at least 14 years older than it. The theme
of ICoRD’25 is ‘Responsible and Resilient Design for Society’. The contemporary
world is in the midst of significant shifts, encompassing everything from climate
change to the rapid advancements in artificial intelligence. These transformations
impact the fabric of everyday human lives and society as a whole. In this context,
design emerges as a crucial player, offering a pivotal role in navigating these changes
to foster a balanced and just world. This conference edition places a spotlight on the
theme of ‘Responsible and Resilient Design for Society.” Here, the design research
community underscores the importance of adopting approaches that contribute to
building a resilient society while acknowledging the responsibilities that come with
being designers and researchers.

The conference contained:

e Invited/keynote presentations from eminent international experts and practi-
tioners.

Presentations of refereed papers as podium, poster, panel, or theme presentations.
Industrial session to present perspectives from industry and studies in practice.
Presentation of [ICONNN Awards and Keynotes.

Doctoral symposium.

Networking sessions for young researchers.

Workshop sessions.



Contents

Design Modelling, Prototyping, Simulation and Visualisation

Failure Prediction and Improvement of Lift Arm of a Skid Steer

Loader ....... ... .. . . . . 3
A. Gomathinayagam, K. Nivas Krishnan, S. Babu, M. Arun Soorya,

and K. Keshava

Designing for Empathy: A Case Study on Developing a Wearable
Empathy Tool Simulating Claw Hand Condition ..................... 13
Akanksha Singh, Purba Joshi, Ilya Fridman, and Daphne Flynn

Design for Additive Manufacturing Through Integration
of Topology Optimization and Generative Design: A Case Study ....... 27
R. Sakthivel Murugan and S. Vinodh

Design and Development of a Slider-Crank-Based Partial Finger

Prosthetic for Achieving Anthropomorphic Flexion Trajectory

for Digital Amputation ........... ... ... ... 39
Banibrata Datta and Prasad S. Onkar

Application Evaluation of Criticality-Based Prototyping Sequence
Planning—Orthosis for Infants ............... ... .. ... ... . .. ..., 55
Stefan Zorn, Fritz Kriigener, and Kilian Gericke

From Play to Research: A Framework for Developing Board
Game-Based Simulation Testbeds for Research Purposes .............. 69
Vighneshkumar Rana and Vishal Singh

Spatial Data Visualization for Landfill Land Suitability Analysis

in Emerging Urban Areas—A Case of North Lakhimpur, Assam,

India ... ... 83
D. Shivaram Reddy and Prasad S. Onkar

XXV



XXVi Contents

Design Intervention to Explore the Outdoor Park Convenience
of Elderly in Western Ahmedabad .................................. 107
Annu Sinha, Brajesh Dhiman, and Neer Shah

Exploring Lac an Insect-Based Natural Resin for Additive

Manufacturing: Prospects, Challenges and Moving Forward .......... 119
Himanshu Yogi, Yash Kumar Mittal, Parag Anand Meshram,

and Aditi Singh

Optimized Workflow for Photogrammetry-Based High Poly Mesh
Simplification for 3D Printing .............. .. ... ... ... .. 131
Shiva Ji and Shylesh Kumar

An Innovative Product Design Solution Toward the Development

of a Weeding Robotic System in Dry Farm Lands ..................... 141
B. B. V. L. Deepak, Sreeja Manickam Babuprakash, Sarthak Jain,

and Bogom Anjali

Designing of a Human-Centric Autonomous Fish-Feeding Robot:

Advancing Aquaculture Sustainability Through Enhanced

Human-Robot Interaction ........................ ... ... ... ..., 153
J. Thanush, Golak Bihari Mahanta, Amruta Rout,

Bibhuti Bhusan Biswal, Abhishek Jha, and Chiranjibi Champatiray

Visual Rehabilitation for Amblyopia: Integrating Design
Innovation into Treatment Paradigms ............................... 169
Rimisha Sethiya

Developing Analytical and Representational Skills: Engaging Al
Visualization Tools in Interior Design Education ..................... 181
Divya Vijaychandran and A. Sangeeth Sankar

A Comparative Analysis: Between Arnold and V-Ray Rendering
Engines Using Maya Software ...................... ... ... ... ....... 195
Bharat B. Santhalia

Exploring the Practice of Digital Pattern Making and Virtual
Garment Prototyping by Fashion Design Students .................... 209
Meenaskhi Kumar, Sharmila Sinha, and Sanket Pai

Immersive Storytelling in Cultural Heritage Preservation: The
Role of Virtual Reality and Narrative Design ......................... 221
Tejas Pawar, Aman Sharma, and Shiva Ji

Interactive Virtual Museum Through Photogrammetric 3D

Modeling to Preserve the Heritage Ruins ............................ 231
Manas Pratim Choudhury, Swarnadeep Nath, Gunjan Sarmah,

and Bhaskar Saha



Contents XXVii

Improving Photogrammetry System Through the Development

of Low-Cost Data Acquisition Device Setup for the Construction

of Complex Geometries ..................... oo, 245
R. Sakthivel Murugan, G. R. Srivasan, M. Kannan,

and V. Pragathiswaran

Designing Agent-Based Models: A Methodological Approach
from Practical Insights and Lessons Learned from Case Study ......... 257
Vighneshkumar Rana and Vishal Singh

Digital Preservation of Heritage Monument: Using a Virtual

Interactive Platform to Enhance Public Engagement with Cultural
Landmarks ... ... .. 271
Swarnadeep Nath, Sourish Sarkar, Pankaj Deka, and Bhaskar Saha

Analysis of Design for Additive Manufacturing Methods
for Electronic Products Manufacture ................................ 285
S. Kumaradevan, S. Vinodh, and S. S. Karthikeyan

Advancing Design Pedagogy: The Integrative Role of Animation
in Enhancing Modern Design Education ............................. 297
Pankaj Kumar Singh and Anantkumar Ozarkar

Computer-Aided Ergonomics Evaluation of Floor-Mopping
Activity Using CATIA Software ...................cciiiiiiiinninn... 309
Krishna Chaitanya Mallampalli

Enhancing the 3D Movie Experience for Spectacle Wearers:
A Concept Design of an Ergonomic Pair of 3D Glasses ................ 321
Rakesh Nath, Debarshi Kumar Brahma, and Himanga Choudhury

Investigating High Rainfall and Wind Sustenance Features

of the Vernacular Habitat of Meghalaya: Insights from the World’s

Wettest Region .......... ... ... . . . 335
Aman Sharma, Tejas Pawar, and Shiva Ji

Revitalizing a Fragrant Legacy: A Design Intervention by Creative
Branding of Attars a Diminishing Craft ............................. 349
Rudraaksh Arora, Manohar Desai, and Nitin Gawai

Development of an Interface to Identify the Unregistered Boarders

Accessing Hostel Amenities ................. ... .. ... .. ... ..., 361
Pranjal Mayank, Subhashree Nath, Sampath Kumar Kuppa,

Veereshlingam Guruguntla, and Mohit Lal

Cognitive Blossoms: Exploring the Perception of Naturalness
InDesign . ...... .. .. . 375
Krishnanunni Karayil Ullas, Sugandh Malhotra, and Lalit Kumar Das



XXViii Contents

Blending Traditional Materials and Techniques into Manually

Operable Contemporary Facade Design to Achieve Comfortable

Indoor Environment . ................. ... 389
Vinay Limbani and Saptarshi Kolay

Fablabs, Makerspaces and Design Spaces

Exploring Co-creation with Banana Fiber Craftspeople
and Designers Using 3D Printing Technologies ....................... 403
Nimmi Elizabeth-Thomas and Avinash Shende



About the Editors

Amaresh Chakrabarti is Senior Professor and current Chair of the Department of
Design and Manufacturing (DM), Indian Institute of Science (IISc), Bengaluru. He
has BE in Mech Eng from IIEST, Shibpur, ME in Design of Mechanical Systems
from IISc Bengaluru, and PhD in Eng Design from University of Cambridge, UK.
He led for ten years the Design Synthesis group at the EPSRC funded CoE ‘EDC’
at University of Cambridge before joining IISc as an Associate Professor in 2001.
His interests are in synthesis, creativity, sustainability, informatics, design theory
and research methodology. He published 36 books, over 350 peer-reviewed arti-
cles, and has 13 patents granted/pending. He co-authored DRM, a methodology
used widely as a framework for design research. He has been Assoc Editor, Al
EDAM (CUP) and Design Science (CUP); Area Editor, Res in Eng Des (Springer);
Regional Editor, ] Remanufacturing (Springer); and Advisory Editor for nine Jour-
nals including Clean Tech & Env Policy, Mat Circular Econ (Springer), J Eng D
and Int J Des Creativ & Innov (T&F). He was on the Advisory Board and Board
of Management, the Design Society; member, CII National Committee on Design
and Smart Manufacturing Council, India; Jury, India Design Mark. He founded
IDeASLab—India’s first Design Observatory. He is the founding chair for two Inter-
national Conf Series: Research into Design (ICoRD) and Industry 4.0 & Advanced
Manufacturing (I4AM). He is an Honorary Fellow, Institution of Eng Designers,
UK’s Royal peer society in eng design; Fellow, Design Society UK; Fellow, Design
Research Society UK; Ambassador Awardee, TUM Germany. 25 of his papers won
top paper awards in international conference. He co-initiated India’s first indigenous
Smart Factory, heads IISc-TCS Innovation Lab, IISc Press, Springer International
Book Series ‘Design Science & Innovation’, and chaired Smart Manufacturing Sub-
committee, Bureau of Indian Standards. He received Careers360 2018 Faculty Award
for ‘Most Outstanding Researcher’ in Decision Sciences, and is among the global
top 2% of researchers in ‘Design Practice & Management’. He is recipient of J
Nehru Doctoral Fellowship, U of Cambridge UK (1987), ORS Award, Committee of
Vice-Chancellors UK (1987), Lundgren Award, U of Cambridge UK (1991), UK MG
MIAA Commendation Award (1994), UK Royal Society Visiting Fellowship (2010),
Jubilee Professorship, Chalmers U Sweden (2025), etc. He received IISc Alumni

XXIX



XXX About the Editors

Award for Excellence in Research in Eng (2022). He is the Founding president of
DeScIn—India’s Academy of Design Sciences. He is recipient of the 2025 ASME
Ruth & Joel Spira Outstanding Design Educator Award. He is the Editor-in-Chief,
AI EDAM Journal (CUP).

Vishal Singh is an Associate Professor in the Department of Design and Manufac-
turing at IISc. He has previously worked as an Assistant Professor in the Department
of Civil Engineering at Aalto University, Finland, besides a brief stint as Director,
Innovation at the Helsinki Metropolia University of Applied Sciences where he led
the Research & Development strategy for the Data-Driven Construction Innovation
Hub. He has also worked in Australia as a Postdoctoral Research Fellow at Deakin
University and as a Research Assistant at the University of Newcastle. Vishal’s
research and teaching builds on design thinking, computational thinking, and systems
thinking. He also conducts research on digitalisation and construction informatics,
looking at the products, processes, people and policy aspects of Building Information
Modelling (BIM) and Product Lifecycle Management (PLM) approaches, comple-
mented by his research on design and construction innovation. Vishal also serves on
the scientific committee of several international conference series across Engineering
Design, Product Informatics and Lifecycle Management.

Prasad S. Onkar is currently an Associate Professor and Head, Department of
Design at IIT Hyderabad. He did his PhD from the Centre for Product Design and
Manufacturing (CPDM), IISc Bangalore. He holds a Master of Technology degree
in Product Design and Manufacturing from Visvesvaraya Technological University
(VTU), Belgaum, Karnataka, and a Bachelor of Engineering (BE) Degree in Mechan-
ical Engineering from Karnatak University, Dharwad, Karnataka. Prior to joining II'T
Hyderabad, he was an Assistant Professor at the Department of Design at IIT Guwa-
hati. He was also a visiting Researcher at Politecnico di Milano, Milan, Italy. He has
established Interactive Digital Reality and Applications (INDReA) laboratory at IIT
Hyderabad which is engaged in cross-domain design, research and development of
interactive systems. He has published in reputed national and international journals
and conferences. His research areas include, Design process and Methodologies,
Product Design, Interaction design, Virtual Reality, Design for Additive Manufac-
turing, Haptics, etc. He is also a member of the Rural Development Centre at IIT
Hyderabad.

Mohammad Shahid is an Associate Professor at the Department of Design, IIT
Hyderabad. He holds a Ph.D. in Design from IIT Guwahati, where he also served
as a Teaching Assistant for five years. He earned his M.Des in Visual Communica-
tion from IIT Guwahati and a B.Des in Textile Design from NIFT Kolkata. With a
diverse background that includes experience in the textile industry and academia, Dr.
Shahid’s research focuses on cultural heritage, experimental typography, and visual
culture. He has published extensively on these topics, particularly in the context
of Bollywood movie posters and their visual rhetoric. Among his notable achieve-
ments, Dr. Shahid designed the National Institutional Ranking Framework (NIRF)



About the Editors XXXIi

logo, which is widely recognized across educational institutions in India. He has
also been recognized with several awards, including Best Typography Poster Design
at Typography Day 2017, 2021 & 2023, Teaching Excellence Award 2022 at IIT
Hyderabad, and Best Paper Award at the International Conference on Creativity and
Cognition in Art and Design 2017. His teaching interests include graphic design,
type design and visual branding, among others.



