DEVELOPMENT OF METHODS TO ASSESS
THERMOFORMED TACTILE DIAGRAMS

GANESH S

DEPARTMENT OF DESIGN

INDIAN INSTITUTE OF TECHNOLOGY DELHI
HAUZ KHAS, NEW DELHI - 110016
MAY 2025



© Indian Institute of Technology Delhi (I1TD), New Delhi, 2025



Development of Methods to Assess
Thermoformed Tactile Diagrams

By

Ganesh S
Department of Design

Submitted

in fulfilment of the requirements of the degree of Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI
HAUZ KHAS, NEW DELHI - 110016
MAY 2025



Dedicated to
My Father ‘Kolar Eranna Sadashivaiah’



CERTIFICATE

This is to certify that the thesis entitled Development of methods to assess thermoformed tactile
diagrams, being submitted by Mr Ganesh S for the award of the degree of Doctor of Philosophy
to the Department of Design, Indian Institute of Technology Delhi, is a record of bonafide work
done by him under my supervision and guidance. The matter embodied in this thesis has not been

submitted to any other University or Institute for the award of any other degree or diploma.

P. V. Madhusudhan Rao

Professor

Department of Design,

Indian Institute of Technology Delhi,
Hauz Khas, New Delhi - 110016,

INDIA.



ACKNOWLEDGEMENTS

First and foremost, |1 would like to thank God for granting me strength throughout this work. |
would like to express my sincere gratitude to my supervisor, Prof. P.V.M Rao, for his mentorship,
support, motivation, and guidance from the beginning to the end of this work. His patience,
suggestions, and feedback provided in oral & written comments and detailed technical discussions
on various topics contributed immensely to bringing this thesis to the current level. I am very
grateful for having the opportunity to work with him and hope that I shall continue to have his

blessings in the future.

| would like to thank my student research committee members - Prof M.Balakrishnan (Chairman),
Prof. Deepti Gupta (External expert), and Prof Jyoti Kumar (Internal expert), who have provided
their valuable input and feedback throughout my research journey. | am thankful to the Indian
Institute of Technology Delhi for awarding me a scholarship to pursue doctoral research and for
providing the necessary funding to carry out this research work at many of the institute's labs,
including the Nanoscale Research Facility (NRF) Lab, the Central Research Facility (CRF) Labs,

the AssisTech lab, and also the Department of Design for providing excellent infrastructure.

| also want to express my gratitude to the Biotechnology Business Incubation Facility, popularly
known as FITT, for all of the help they provided with the product patent applications. Finally, |
would like to express a deep sense of gratitude to my father, K.E Sadashivaiah and my mother,
Basavarajammanni B B, and my sisters, Dr. Poornima S, Joint Director - Punitha S, for giving me

everything they could and making me what | am today.



My wife, Dr Shruthi Shivashankar, has been at my side during this incredible and arduous journey.
I would like to take this opportunity to thank her and express my gratitude to her for giving me

invaluable love, affection, and support.

Also, I would like to thank Prof Kedar Khare, Ramya Ahuja, Aryan Patel, Deepesh Gupta, Mansi
Butola, Sunaina Rajora and Sunita Negi for their support during the projects. Last but not least, |
would like to thank my colleagues Gulshan Kumar, Swagatam Dey and all my friends from the
Industrial Design Clinic, QUEST LAB, DESCINED LAB, and UX LAB for their moral support

and companionship.

Ganesh S
2018DDZ8312



Abstract

In this information-driven era, the use of pictorial forms of communication has become widely
popular but at the same time making the world increasingly inaccessible to the people with visual
impairment and blindness. The lack of accessibility of pictorial information limits the education
and employment opportunities of the visually challenged. Access to pictures and diagrams maps
such as educational materials, manuals, safety instructions, building layouts, data visualization etc

is needed for the visually challenged people for inclusion and independent living.

Tactile diagrams are embossed outline drawings which are specially designed for individuals with
visual impairment and blindness to communicate pictorial information through touch. One of the
common processes used to prepare these diagrams in polymeric materials is by vacuum
thermoforming. Though these diagrams have been in use for many decades, assessing the
effectiveness of these diagrams in terms of materials and manufacturability, and its effect on user
experience is largely unaddressed. Apart from perceptibility, the diagrams produced are also
expected to meet affordability, manufacturability, and biocompatibility. Apart from cognitive
aspects of users which is not the subject of this thesis, the perceptibility of these diagrams depends
on many factors, which include the type of material used and its properties, sheet thickness, shape,
size and texture of tactile features; surface roughness and friction characteristics of the sheet; and
the behavior of the sheet to haptic interaction with the user. These aspects have been studied in the
current thesis through laboratory experiments, user studies and computer simulations. The specific

assessment methodologies developed and discussed in this work include:



e Assessment of material of tactile diagram, in terms of composition and properties before
and after thermoforming.

e Assessment of tribological parameters such as surface roughness and friction of tactile
diagram sheets.

e Design and development of a methodology for assessment of geometric features of tactile
diagram

e Design and development of methodology and a system to assess haptic interaction of users
with sheet.

e Assessment of manufacturing realizability and prediction of defects in the thermoforming

process through computer simulation.

It is assumed that when the tactile diagrams are produced in large numbers and shop-floor settings,
these assessment methodologies proposed, developed and demonstrated in this work will be useful
for designers and manufacturers to come up with tactile diagrams that serve the intended purpose

effectively by making optimum choices regarding material, manufacturability and user experience.
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