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Ву the decisioп of the Teachiпg апd Scieпtific couпcil of Faculty of Eпgiпeeriпg, 

Uпiversity ofКragujevac по. 01-1/867-14 from 24. 03. 2016., we are appoiпted as members 
of the Commissioп for assessiпg the thesis written part and oral puЬlic defense of the Pavle 
MijoviC's doctoral dissertation, entitled: 

"DEVELOPMENT AND IMPLEMENTATION OF MULTIMODAL SYSTEM 
FOR ATTENTION MONITORING IN NATURALISTIC WORК 

ENVIRONMENTS" 

After the insight to the doctoral dissertation and the Report of the Commission for assessing 
the eligiЬility of the candidate Pavle Mijovic and the doctoral dissertatioп, approved Ьу the 
Decision of the Faculty of Engineering in Кragujevac no. 01-1/3260-21 from 17. 09. 2015. , 
according to the University of Кragujevac Regulations оп the application, preparation and 
defense ofthe doctoral thesis, the Commission submits to the Teachiпg and Scientific Couпcil 
the following 

REPORT 

1. The significance and contriЬution of the doctoral dissertation from the aspects of 
the current situation in а particular scientific field 

The doctoral dissertation of the candidate Pavle Mijovic, M.Sc. Mech. Eng. , entitled 

"Development And lmplementation Of Multimodal System For Attention Monitoring In 
Naturalistic Work Environments", is а result of the candidate' s scientific research iп the 
cuпent fields of science that covers the scientific areas of ergonomics, neuroergonomics апd 
occupational health and safety. From the aspect of the research topic and the obtained results, 
the disertation represents а uпique scientific work. 

The candidate has made the critical analysis and systematization of the existing 
knowledge and experiences and scientific results of competent research in the field of the 
research in this doctoral thesis. Based on tће analysis of tће advantages and disadvantages of 
tће existing approacћes , methods and models in tћis scientific area, tће candidate has defined 

tће subject and tће purpose oftћis research. 



From the aspect of the scientific field and obtained results, this dissertation 
represents unique scientific work at the national and international level, taking into account 
that the approach and obtained results has significant scientific value. 

The significance and contriЬution of this doctoral dissertation 1s related to the 
development and implementation of the multimodal system for obtaining the objective 
parameters for attention monitoring of workers employed on monotonous and repetitive 
manual assemЬly tasks, Ьу using physiological sensors, behavioral parameters and motion 
capture (МоСар) sensors. 

The physiological parameters for the attention monitoring were defined as well as the 

multimodal interaction between all the parameters ( obtained from all the sensors used in the 
study), namely: physiological, behavioral and motion signals. 

Obtained results and conclusions from this dissertation are opening new research 

directions in the scientific fields of ergonomics, neuroergonomics and occupational health and 
safety, with the aim of increasing the overall workers ' well-being. 

2. The assessment that doctoral dissertation is the result of original scientific work 
of the candidate in the relevant scientific field 

The commission finds that the doctoral dissertation of the candidate Pavle Mijovic, 

M.Sc. mech. Eng., entitled "Development And lmplementation Of Multimodal System 
For Attention Monitoring In Naturalistic Work Environments", is the result of original 
scientific work. Analyzed topic is highly relevant and importana for the development of 

science in the field of production and industrial engineering. The candidate has elaborated the 

topic thoroughly and in detail , using the theoretical basis of scientific disciplines relevant to 
this issue. Numerous scientific papers are critically analyzed and evaluated relating to issues 
considered with this thesis. 

The originality of scientific work, research and the results obtained in the framework 

ofthis dissertation is reflected, among other things, in the following elements: 

- Through literature review of the scientific papers in the areas of the ergonomics, 
neuroergonomics and occupational health and safety, the candidate noticed that the 

majority of methods that are used for the assessment of the worker' s cognitive state 

are relying on the unreliaЬle subjective and observational methods. As such, these 
methods are unaЬle to provide objective parameters of covert mental processes of 
the workers, neither the attention level of the workers during the regular working 

operations. The candidate has showed that Ьу using the proposed multimodal system 
can provide the objective information on cognitive state of the workers during the 

manual assemЬly tasks and in that view, this dissertation represents one of the first 
research on the internationallevel. 

- Candidate recognized the need for inclusion of the physiological sensors at the 
workplace, with the aim if determining the parameters that are reflecting the 

worker ' s cognitive state. Since tl1e physiological sensors are nowadays wearaЬle, the 

candidate has shown that it is possiЬle to employ them in the workplace for 

acquiring the worker' s physiological signals. 
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- Apart from physiological signals, the МоСар sensors that are based on the 

structured light technology, it is possiЬ\e to acquire in real-time the postures of the 
operators, without the need for attaching the sensors to the worker ' s body. The 
candidate has used in this research the structured light sensor for recording the 
workers ' nюvements during the manual assemЬ\y operation. Moreover, in one ofthe 

chapters of the presented thesis, the candidate has shown that it is possiЬ\e to use the 
task umelated movements (e.g. self-centered gestures) for the estimating of the 
attention level of the workers ' . 

- The candidate has shown how the alteration of the working condition can influence 
the worker' s attention level . For that reason, the candidate has included а higbly 

frequent micro-breaks during the working operation and he has shown that these 
micro-breaks may have positive influence on the worker ' s attention level. The 
similar result was obtained when the initiation of the working process was 

instructed, as compared to the case where the participants in the study were free to 
choose with which hand they will initiate the manual assemЬ\y operation. 

- Finally, the candidate has presented the framework of the use of the proposed 
multimodal system in realistic working environments for the real-time attention 

monitoring of the workers. The final goal of the presented dissertation is to pinpoint 
to the future directions on the research of the worker' s attention level , with the aim 

of preventing the industrial accidents that are caused Ьу the worker' s attention 
fluctuations. 

3. An overview of the results of а candidate in а particular scientific field 

Pavle Mijovic was bom on 03/10/1986 in Belgrade, RepuЬ\ic of SerЬia. Pavle 

Mijovic, is а Ph.D. student at the department for Production and Industrial Engineering at 
Faculty of Engineering, University of Кragujevac . Не obtained his M.Sc. in Mechanical 

engineering at the Faculty of Mechanical Engineering, University of Belgrade, SerЬia. 

After graduating from university of Belgrade, Pavle Mijovic was emolled at the 
Erasmus Mundus Master program EURНEO (European Masters in Engineering Rheology) , 

where the main concept of the program was to gain advanced knowledge on rheology and its 
application in different fields of engineering. During this program, Pavle joined successfully 
three different universities : "KU Leuven", Belgium; "Universidade do Minho", Portugal and 

"Universitadella Calabria", ltaly. Pavle graduated from the EURНEO program on September 

2012 and obtained the dual degree as Master of Science in Chemical Engineering 
(Engineering Rheology). 

In December 2013 , Pavle Mijovic eшolled the "InnНF (www.innhf.eu)" European 
project within FP7 framework trough the initial training network as an early-stage researcher 

and PhD student at Faculty of Engineering, university of Кragujevac, SerЬia. During his PhD 
studies, he is conducting research in the domain of Human Factors and Ergonomics (HFE); 

more specifically neuroergonomics. The main aim of his research is to investigate 

physiological correlates of various mental states of the operators while they are performing 
their everyday routine in variety of workplaces. 
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His research is conducted using physiological signals acquired with wearaЬ!e sensors 

that are further processed in order to extract specific features of operators ' vigilance level , 

attention, mental fatigue and mental stress. 

The thesis entitled "Development And Implementation Of Multimodal System For 

Attention Monitoring In Naturalistic Work Environments", was approved on 17. 09. 

2015. 

Pavle Mijovic puЬ!ished 11 scientific papers as an author and/or co-author, 3 of which 

in intemational scientific joumals and 8 of which were presented in intemational conferences 

and are puЬ!ished in conference proceedings. 

Scientific papers puЬlished in international journals of excellence (М21) 

1. Mijovic, Р. , Kovic, V., De Vos, М. , Macuzic, Ј. , Jeremic, В . , & Gligorijevic, 1. 

(2016) . Benefits of lnstructed Responding in Manual Assembly Tasks: An ERP 

Approach, Frontiers in Human Neuroscience, April 2016, Vol. 10, Article 171 , 

doi:10.3389/fnhum.2016.001 71 

2. Lupi, F. R., Gabriele, D. , Baldino, N. , Mijovic, Р. , Parisi , О. 1. , & Puoci , F. (2013). 

Olive oillpolicosanol organogel for nutraceutical and drug delivery purposes. Food & 

Function, Vol . 4, lssue 10, рр. 1512-1520. doi: 10.1039/C3F060259A 

Scientific papers puЬlished in prominent international journals (М22) 

1. Mijovic, Р. , Kovic, V., De Vos, М. , Macuzic, 1. , Todorovic, Р. , Jeremic, В. , & 

Gligorijevic, 1. (2016) . Towards Continuous and Real-Time Attention Monitoring at 

Work: Reaction Time versus Brain Response. Ergonomics, Published online 08. 03. 

2016., рр. 1-14. doi :10.1080/00 140139.2016.1142 121 

International conference papers printed in а whole (МЗЗ) 

1. Mijovic, Р. , Kovic, V. , Macuzic, Ј. , Todorovic, Р., Jeremic, В ., Milovanovic, М. , & 

Gligorijevic, Ј. (2015). Do Micro-Breaks lncrease the Attention Level of an Assembly 

Worker? An ERP Study. Procedia Manufacturing, З, 5074-5080. 

2. Mijovic, Р. , Milovanovic, М., Minovic, М., Macuzic, 1. , Kovic, V. , & Gligorijevic, 1. 

(2015). Towards Creation oflmplicit HCI Model for Prediction and Prevention of 

Operators ' Епоr. ln Human-Computer Jnteraction: Jnteraction Technologies (рр. 341-

352). Springer lntemational Publishing. 

З . MijoviC, Р. , Gia-gloglou, Е. , TodoroviC, Р ., MaCuZiC, 1. , JeremiC, В. , & GligorijeviC, 1. 
(2014, September). А Tool for Neuroergonomic Study ofRepetitive Operational 

Tasks. Jn Proceedings ofthe 2014 European Conference оп Cognitive 

Ergonomics (рр . 1-2). АСМ. 
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4. Mijovic, Р. , Gligorijevic, Ј. , Giagloglou, Е . , Macuzic, I., & Jeremic. В. 
Psychophysiological Measurements in Real Working Environments- Wireless EEG 
Study ofthe Operators' Vigilance. In BIOSTEC conference preceedings, Doctoral 
Consortium, (March 2014):60-66 

5. Mijovic, Р., М. Milovanovic, М. Stevanovic, Е . Giagloglou, Р. Todorovic, М. 
Minovic, I. Macuzic, and I. Gligorijevic. Multimodal Approach in Neuroergonomic 
Studies. Brain Awareness Week conference, extended abstract. February 2014. 

6. Mijovic, Р., Macuzic, 1., Gligorijevic, I. , Todrovic, Р. , Jeremic, В. , Kovic, V. , 
Milovanovic, М., Minovic, М. , De Vos, М. 2015. Neuroergonomic Studies of 
Monotonous and Repetitive Operations on Manual AssemЬlz Tasks. Preceedings of 
the 491

h ESREDA seminar, Brussels. 

7. Giagloglou, Е. , Djapan, 1., Mijovic, Р. , Tsiafis, С. , & Macuzic, I. 2014. Safety 
knowledge for professional engineers and students: А global scheme of education. 
SEFI 2014, 4 71

h Global Conference Birmingham. 

8. Veljkovic, D. Z., Macuzic, I. , Jeremic, В. , Mijovic, Р., & Todorovic, Р. М. (2013). 
Investigation on the RLS and Kalman Based Adaptive Order Tracking Techniques for 
Rotating Machinery Analysis. Prognostic and System Health Management, Milan, 

ltaly. 

4. Assessment of the scope and quality fulfillment with the respect to the topic 

The thesis entitled "Development And Implementation Of Multimodal System For 
Attention Monitoring In Naturalistic Work Environments" corresponds to the scope and 
content of the topic accepted Ьу the Teaching and Scientific Council of the Faculty of 
Engineering and Expert Council of the University of Кragujevac. The thesis fully satisfy all 
scientific, technical and legal requirements for doctoral dissertation Ьу quality, scope and 
results of research. 

The research results in the written part of а doctoral dissertation are presented in а 
total of 166 pages. The thesis presents 38 graphic illustrations and 256 referenced papers. The 
content is divided into 1 О chapters: 

1. Introduction 

2. Human Factors and Ergonomics (HF/E) 

3. Neuroergonomics 

4. Motion Capture and its application in ergonomics 

5. General Methodology: Towards Creation of Multimodal System for 
Cognition-aware Computing 

6. Do Micro-Breaks Increase the Attention Level of an AssemЬly Worker? An 
ERP Study 

7. Benefits of Instructed Responding ш Manual AssemЬly Tasks: An ERP 
Approach 
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8. Towards Co11ti11uous and Reai-Time Atte11tio11 Mo11itori11g at Work: Reactio11 

Time versus Brai11 Respo11se 

9. Communicati11g the User State: Towards Cognitio11 Aware Computi11g ш 

l11dustrial Setti11gs 

1 О. Ge11eral Со п с! usio11s 

Chapter 1 briefly discuss the shortcomi11gs of existi11g ergo11omics methods for 

objective assessme11t of the operators' cog11itive state i11 workplace e11viroпme11ts. lt further 

briefly discuss about the advantages of 11euroergo11omics methods over classical ergo11omics 

approaches. This chapter outli11es the importaпce of objective measureme11t of operators ' 

cogпitive state and it provides the outli11e of the mai11 objectives апd maiп objectives of the 

prese11t dissertatio11. lt further provides the brief theoretical backgrou11d of the prese11t work 

апd grou11d hypotheses. Further, the used methodology for the data processi11g and statistical 

analysis was briefly preseпted . 

Iп Chapter 2, а brief overview of scieпtific field of ergo11omics is prese11ted. Further, 

four mai11 domai11s of ergo11omics research are prese11ted a11d the advantages a11d 

disadva11tages of each domai11 are discussed. 

Chapter 3 i11troduces the Neuroergoпomics as а scie11ce discipli11e and the be11efits of 

usi11g 11euroergo11omics over solely ergo11omics pri11ciples. Si11ce the 11euroergo11omics relies 

011 11euroimagi11g techпiques, an overview of 11euroimagi11g techпiques that can Ье used for the 

11euroergo11omics studies is provided. Further, the advantages and disadvantages of each 

methods for recordi11g the brai11 activity i11 11aturalistic e11viroпme11t are discussed. As the EEG 

was used i11 studies that co11stitute the prese11t dissertatio11, special focus was 011 EEG and 

wearaЬle EEG studies that were co11ducted with the aim of i11vestigatiпg the cogпitive state of 

the operators. Moreover, si11ce other physiological seпsors ( other than пeuroimagi11g 

techпiques) can Ье used for estimati11g the cogпitive state of the operators', HR апd GSR 

se11sor are also i11troduced and literature review of studies that used these se11sors i11 

ergo11omics studies is prese11ted. Fiпally, studies that used multimodal approach, combiпi11g 

EEG, GSR and HR modalities were reviewed and be11efit of usi11g such recordi11gs was 

outli11ed. 

111 Chapter 4, а literature review of usi11g the МоСар techпology for ergo11omics 

studies was provided. The focus was 011 rece11tly availaЬle co11sumer devices that uses 

structured light techпology апd thus does 11ot require exterпai markers for reliaЬle motio11 

tracki11g of а perso11. Fi11ally, utilizi11g the МоСар techпology for the aim of assessi11g the 

cog11itive state of the workers ' was proposed, which is based оп automated quantificatio11 of 

task unrelated movemeпts. 

Ge11eral methodology that was used i11 experimeпtal studies, which were co11ducted 

for the aim of prese11t dissertatio11, is provided i11 Chapter 5. This chapter begi11s with the 

i11troductio11 of the co11cept of the implicit huшa11-computer i11teractio11 (HCI) and its possiЬle 

applicatio11 for cog11itio11-aware computi11g iп i11dustrial setti11gs. Further, а workplace replica 

is prese11ted, where the participa11ts i11 experime11tal studies simulated the maпual assemЬly 

operatio11s. 1п additio11, the se11sors used i11 the studies are prese11ted, together with their 
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technical specifications. Finally, the overall system architecture of the multimodal system for 
estimating the operators' cognitive state is presented and discussed. 

Chapters 6, 7, 8 and 9 are actual experimental studies that were conducted at the 
Department of production engineering (Faculty of Engineering, University of Кragujevac) as 
part of present dissertation. An experimental study in which it was investigated whether the 

introduction of frequent micro-breaks can have а positive influence оп attention level is 
presented in Chapter 6. 

Chapter 7 is consisted of an experimental study in which it was investigated whether 

the attention level of an assemЬly worker can Ье enhanced if the he is coпditioned with which 

hand he should start the manual assemЫy operation. 

In Chapter 8, the relationship between РЗОО component' s amplitude and RTs was 

investigated and а general framework for the future real-time attention monitoring of the 
operators' attention is provided. 

Chapter 9, presents an experimental study in which it was investigated whether the 
cognition-aware computiпg can Ье utilized in industrial environments. For that aim, а 

multimodal study, which consisted of EEG and Кinect sensor, was conducted. The main 
objective was to present the concept of МЕ and to investigate the correlation between РЗОО 

amplitude, EI апd МЕ. 

Finally, general conclusions from all experimental studies is presented in Chapter 1 О 
and the directions of future studies are discussed. 

5. Scientific results of the doctoral dissertation 

Candidate Pavle Mijovic, M.Sc. Mech. Eng. , in the framework of the dissertation, 
completed systematization of existing knowledge and experience in the field of numerical 

analysis of structures made of shape memory alloys. Within the thesis the candidate came to 
the results and conclusions that have their place апd importance in scientific world, and soon 

these results could Ье applied in industrial practice. The most important scientific results of 
the doctoral thesis are: 

The most important result of this doctoral dissertation is that it is shown how 
wearaЫe physiological sensor could Ье applied for timely detection of fluctuation 

of attention of the worker on the workplace. In this way it may Ье possiЫe to 

prevent iпdustrial accidents that are mainly caused Ьу innability of workers' to 
sustain their attention during regular working situations over prlonged period of 
time; 

In this dissertation it is also shown that it is possiЫe to synhroneusly record 

multiple physiological si gпal s , together with observation of workers movements 
and postures in real-time; 

This dissertation has presented innovative way for improving overal ergonomy of 
the workplace. This was shown through а series of experimental studies where 

some aspects of workplace were altered, while the physiological and movement 

signals were acquired. It was shown that inclusion of frequent micro-breaks can 
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have а positive effect on worker' s attention. The similar result was obtained if the 
participants in the study were instructed with which hand they should initiate the 
manual assemЬly operation, as compared to the case where they can initiate the 
simulated manual assemЬly operation without any instructions; 

Finnaly, the overall :&amework for cognition-aware system was presented. Such а 
sistem could become the regular practice in the industrial workplaces, with the 
main aim oftimely detection ofthe workers' mental states. 

6. The applicabllity and usefulness of the results in theory and practice 

The results of the Pavle Mijovic' s doctoral dissertation entitled "Development And 
Implementation Of Multimodal System For Attention Monitoring In Naturalistic Work 
Environments" are currently mainly applicaЬle for further theoretical research, with the 

possiЬility to become completely applicaЬle in industrial practice. 

This dissertation provides а 'new paradigm' in the broad field of ergonomics and the 

obtained resutlsopen а new pathway in the research fields of ergonomics, neшoergonomics, 

occupational health and safety, as well as in the areas of production and industrial 

engшeeпng. 

Scientifically, the contriЬution of this dissertation are twofold: а) The overall 

framework for cognition-aware computing for application in industrial environments was 
presented; and Ь) lt was proposed that the physiological signals could Ье the main indicators 

for objectively assessing the workers mental states in real-time. 

Currently the practical implementation of the results is not possiЬle, mainly because 

the research was conducted with the wireless EEG system that uses the wet conductive gel for 
recording, which is uncomfortaЬle for worker' s everyday use. Moreover, there is an ethical 

issue that arises from the fact that if such а system would Ье applied in real world, the 
company' s management would have unlimited access to the worker' s physiological signals. 

However, steaming from the fact that this scientific work is innovative in Serbia, as well as in 
intemational scientific world, we believe that it is just а matter of time when the mentioned 

proЬlems will Ье overwhelmed, which may lead to ubiquitous implementation of such а 

system in industrial practice. 
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7. The dissemination of the results 

Part of the scientific results, arising in the context of this dissertation, is presented Ьу 
puЬlishing scientific papers in intemational scientific joumals and at intemational and 
national scientific conferences. 

Practical aspects of realized scientific results were presented to the domestic and 
intemational comrnunity through the realization of the intemational project "Innovation 
Through Human Factors in Risk analysis and management", InnНF- FP7-PEOPLE-2011-
IТN-289837) , which was financed Ьу the European Comrnission under the Marie Curie 

Foundation. 

The comrnission considers that the results of research and doctoral dissertation 
provide comprehensive and usefu] material for future puЬlication in high-ranking 

international and nationa] journals and scientific conferences in the field of production and 

industrial engineering. 

Based on all the above, the Comrnission issues the following. 

CONCLUSIONS 

Doctoral dissertation of the candidate Pavle Mijovic, M.Sc. Mech. Eng. , corresponds 
in scope and in quality to the approved dissertation topic, decision no. IV -04-390/17 from 
08.07.2015. Ьу the Teaching and Scientific Council of the Faculty of Engineering in 
Кragujevac. 

The candidate used а comrnon and standardized technica] terminology and structure of 

the doctoral thesis and methodology exposure are in accordance with university standards. 

During his doctoral thesis preparation, the candidate Pavle Mijovic сате to original 
research results, presented in the dissertation which represents а significant contriЬution to the 

field of production and industrial engineering. 

The results has been partially puЬlished in several papers in intemational and scientific 
journals and conferences. The candidate has demonstrated that he can follow а methodology 

of scientific research and that he has systematic approach and the aЬility to access and use 
literature. 

At the same time, using their professional education and personal experience, he has 

shown the aЬility to comprehensively solve complex proЬlems in order to define integrative 
conclusions in obtaining specific and applicaЬle results. 

Based on the foregoing, the commission for the assessment of written part and oral puЬlic 

defense of the doctoral dissertation of the candidate Pavle Mijovic, M.Sc. Mech. Eng. , 
unanimously concluded that the doctoral dissertation, entitled 
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"DEVELOPМENТ AND IМPLEМENTATION OF MULTIМODAL 
SYSTEM FOR ATTENТION MONITORING IN NATURALISTIC 

WORК ENVIRONМENTS" 

completely satisfies al\ scientific, technical and legal criteria for doctoral dissertations in 

quality, scope and t·esults ofresearch. The commission is pleased to propose the Teaching and 

Scientific Council of the Faculty of Engineering in КI·agнjevac, оп the basis of this гeport, 
ассерtапсе of t11e doctoral dissertation as successfu] and to invite the caпdidate to the puЬlic, 

oral defense. 
Commission mcmbcrs: 

1. PhD Nenad FiJipovic, FнЈЈ Pl'ofess01·, Faculty ofEngineering University ofKragнjevac, 

Ar·eas of expertise: Applied Mechanics, applied inf01·matics and computeг engiпeeгing 

2. PhD PetarTodorovt~=-Fa~gineering, University of 
КI-agujevac, Al·ea of expertise: Productioп Engineeгing, Indusn·ial Engineering, 

Chairman of Commission 

.b;f~ 
З . PhD Vanja Kovic, Assistant Pгofessor, Factiity ofPhilosophy, Depaгtment for 

Psychology, University ofBelgrade, Area of expe1·tise: Psychology 

~ tuk 
4. PhD~.los Мilovanovic, Assistant ћofessor, Faculty of Organi.zational Sciences, 

·Univ ~i:(of~elgt-ade, АЈ:еа of expertise: Inf01fr-tion Technologies 

l ·'у ~-,-=~~ v -------/ 

5. PhD Maю·ten De Vos, Associate Professor, Depatiment ofEngineering, Institute of 

Biomedical Engiпee1·ing, Uruvet·sity of Oxford, Area of expertise: Bioшedical 

Engineet·ing 1, г ~~--
CYU-c~.J 1?--~ --· 

6. PhD Micae]a D~ Associat~ Professor, Dipartiшento Scienza Applicata е 
Tecnologia, Politecnico di Tol'ino, A1:eas of expeгtise : Decision analysis in risk 

assessment, Enviromenta] Safcty Tcchnique & Hygiene and safety at work 

~ twicillC?мJ , ~r}_g;h 

Kшgujevac, 

Мау 2016. 
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