USING EEG DATA TO IMPROVE SAFETY
AND PRODUCTIVITY

Thesis submitted in partial fulfilment for the

Award of Degree

Boctor of Philosophy

By

Gunda Yuga Raju

DEPARTMENT OF MINING ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY
(BANARAS HINDU UNIVERSITY)
VARANASI - 221005
(INDIA)

&V Roll No: 17151004







CERTIFICATE

It is certified that the work contained in the thesis titled "PREDICTION OF HUMAN

PERFORMANCE USING EEG DATA TO IMPROVE SAFETY AND PRODUCTIVITY"

by "GUNDA YUGA RAJU" has been carried out under our supervision and that this work

has not been submitted elsewhere for a degree.

It is further certified that the student has fulfilled all the requirements of

Comprehensive Examination, Candidacy and SOTA for the award of Ph.D. Degree.

© Su isor
Prof. Suprakash Gupta
Department of Mining Engg.
- _ T (BHU), Varanasi,’
Dr. Suprakash Gupta
Professor
Department of Mining Engineering
I.L.T., B.H.U., Varanasi-221005

iii

IN ..éi-supervisor
Dr. Lalit Kumar Singh
Department of Atomic Energy
NPCIL-BARC, Mumbai.

; KR, SINGH

;Eﬁaﬂﬁf‘;d: W ﬁﬂ!f Dsdg-nﬂﬂh m‘:mﬁcerﬁ ) .

8, ., | lead Pt E:mr[
o o @ T /A GO um;gm,,@
i 9 W coe 00 o4






DECLARATION BY THE CANDIDATE

I, GUNDA YUGA RAJU, certify that the work embodied in this thesis is my own bona fide
work and carried out by me under the supervision of PROF. SUPRAKASH GUPTA and DR.
LALIT KUMAR SINGH from JULY 2017 to JUNE 2023, at the DEPARTMENT OF MINING
ENGINEERING, Indian Institute of Technology (BHU), Varanasi. The matter embodied in this
thesis has not been submitied for the award of any other degree/diploma. I declare that I have
faithfully acknowledged and given credits to the research workers wherever their works have
been cited in my work in this thesis. I further declare that I have not wilfully copie;i any other's
work, paragraphs, text, data, results, etc., reported in journals, books, magazines, reports
dissertations, theses, etc., or available at websites and have not included them in this thesis and

have not cited as my own work.

Date :JUNE 28, 2023 \Ma st; :

Place : Varanasi (GUNDAYUGA RAJU)

CERTIFICATE BY THE SUPERVISORS

It is certified that the above statement made by the student is correct to the best of our
knowledge.

ST
AR

{28 L
i

"1

L’

Supérvisor Co-Supervisor
Prof. Suprakash Gupta Dr. Lalit Kumar Singh
Department of Mining Engg. Department of Atomic Energy
IIT (BHU), Vaﬁngiu ta NPCIL-BARC, Mumbai.
Dr. Suprakas p &, vt g R D, LALIT KR. SINC.|
BT e Engineering s - £/ Scient Offcer -

t of Mining Enginee " Yaar Pows Comoraion 3 ©
D?;:a;lﬁéenﬂ ¥ Varanasi-221008 e:f.&t.#.még ! n}u: a0 4
Ao by Wk kadduy = YRE FEN H Govt. "-mm-
Head of Department ' :
fRvrTeas/HEAD

De armtm
¥ Deptt. of Min;;g ng%g.

Fagaframaa)
redrg et wer ( ﬂﬁmu )

Inatitute of Technology
Incian 221 D05NVaranas-221005






COPYRIGHT TRANSFER CERTIFICATE

Title of the Thesis :  Prediction of human performance using EEG data to improve
safety and productivity
Name of the Student :  Gunda Yuga Raju

Copyright Transfer

The undersigned hereby assigns to the Institute of Technology (Banaras Hindu
University) Varanasi all rights under copyright that may exist in and for the above thesis

submitted for the award of the DOCTOR OF PHILOSOPHY.

v
Date : JUNE 28,2023 i{“fn Eﬂ'

Place : Varanasi (GUNDA YUGA RAJU)

Note: However, the author may reproduce or authorize others to reproduce material
extracted verbatim from the thesis or derivative of the thesis for author's personal use
provided that the source and the Institute's copyright notice are indicated.

vii






Acknowledgement

I am filled with deep gratitude as I reflect upon completing this dissertation. I would like

to express my sincere appreciation to all who have supported me throughout this journey.

First and foremost, I would like to extend my heartfelt thanks to my supervisor,
Prof. Suprakash Gupta. His unwavering support, guidance, and encouragement have been
instrumental in successfully completing this work. I am grateful for his compassion,
constant effort to improve my work, and timely feedback, which have truly shaped the
outcome of this dissertation. I am indebted to him for never giving up on me and pushing

me to reach new heights.

[ am also indebted to the entire faculty, whose wisdom and expertise have been invaluable.
I extend my gratitude to each teaching staff member for their knowledge, patience, and
willingness to assist me whenever needed. Furthermore, I thank non-teaching staft for

their assistance in various matters throughout my academic journey.

My heartfelt appreciation goes out to my parents, family members, and friends, who have
been my pillars of strength. Their unwavering support, encouragement, and belief in my
abilities have sustained me during challenging times. I dedicate this work to my uncle
Veeraiah and my teachers, whose guidance and mentorship have significantly shaped the

person I have become.

Last but not least, I want to express my profound gratitude to my wife, Charitavya, whose
unwavering support and understanding have been my constant motivation. Her belief in

me and her willingness to stand by my side throughout the ups and downs of this PhD

ix



journey has been truly inspiring. Her love and encouragement have given me the strength

to persevere, and I am forever grateful.

I extend my heartfelt thanks to all those mentioned and countless others who have
contributed to my academic and personal growth. This dissertation is not just a reflection
of my efforts, but a testament to the collective support and belief that others have
bestowed upon me. I am humbled by your presence in my life and deeply appreciate your

contributions.

Thank you all for being an integral part of this beautiful endeavour.



Preface

This thesis presents the culmination of an extensive research endeavour to explore the
subject of cognitive assessment and its practical implications. In this preface, the research
work is briefly introduced, highlighting its subject, scope, aims and the philosophy that

guided the approach of this study.

The subject of this research revolves around comprehending and evaluating cognitive
processes concerning task performance. This study probed the intricate workings of the
human mind, specifically focusing on general cognitive abilities such as attention and
working memory. It aims at developing an objective assessment tool that can precisely

predict cognitive performance in upcoming tasks.

The scope of this research is comprehensive, encompassing various aspects of cognitive
assessment and performance optimisation. The study explored the interplay between
cognitive processes and task demands to uncover the underlying mechanisms that
determine successful performance. The investigation spanned multiple disciplines,
including psychology, neuroscience and human factors engineering, as it strived to
develop a holistic understanding of cognitive capabilities and their relevance in real-world

contexts.

The primary aim of this research is to contribute to the development of standardised and
reliable assessment tools for evaluating cognitive processes. The study recognised the
need for objective measures to capture an individual's cognitive abilities, enabling

organisations to make informed decisions regarding training interventions, resource
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allocation and safety enhancement. This study aims to bridge the gap between theoretical
knowledge and practical implementation, providing actionable insights that can improve

human performance and safety outcomes.

The philosophy of the approach of this research is rooted in the information-processing
perspective of human performance. Since cognition relies on individual attention
resources and working memory capacity, a methodology was adopted that involves
collecting and analysing physiological measures, specifically EEG data from the
prefrontal cortex. These measures unintentionally reveal an individual's attentional and
working memory status, providing valuable insights into his/her cognitive capabilities.
This approach emphasises integrating advanced analysis techniques and innovative
assessment methodologies to create a model that can predict cognitive performance with

reasonable accuracy.

This dissertation is expected to embark on a journey that explores the intricacies of
cognitive processes, the development of assessment tools and their practical applications.
Upholding the highest ethical standards and promoting responsible data use with the
ensured. With a deep appreciation for the complexity of human cognition, the study aims
to contribute to the academic understanding of cognitive assessment while offering

practical insights that can improve performance and safety in various domains.

The readers are invited to go through the findings, methodologies and implications of this
research. This dissertation is expected to serve as a valuable resource for researchers,
practitioners and individuals interested in the fascinating world of cognitive assessment

and its impact on human performance.

Thank you for embarking on this journey with the researcher.
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