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SmartMiner focus S A Sueeiatus

* SmartMiner focus - the current problems of the mining industry SRR Py,

 SmartMiner offers smart solutions how increase productivity,
safety and sustainability through a paradigm shift towards
combining a human-centric approach with business strategy in a
way that is based on data and analytics.

 SmartMiner will allow mining companies to become reliable
partners for increasing the prosperity index in society.
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SmartMiner aims...

... to give a scientifically based answers to the following questions:

e Are the stoppages of mining machines primarily caused by technical-technological causes and is there a
hidden potential in human and/or organizational factors to solve pollution and safety problems?

e How to improve productivity of mining machines through greater satisfaction and high motivation of
users (operators) and improved work organization?

e How to improve safety in the operation of mining machines and prevent environmental degradation,
population displacement and constant conflicts in the environment?

e How to further reduce the operating costs of mining machines?

e How to solve the challenges related to the extended life of exploitation of mining machinery and
increase energy efficiency?

e How to make the mining industry a reliable partner for the development of wealth and prosperity in

society? =
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SmartMiner concept in a nutshell

Human and Data Centric

Human Centric Engineering Data Centric Engineering . .
Engineering
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SmartMiner hypothesis

Ho: Necessary step between operator 4.0&5.0 and society 5.0 is “management 4.0”, which means human
(and his environment) in the center and raising environmental quality through micro (physical
environment) and macro environment levels (organizational environment).

Hi: Level of necessary digitalization and automation of mining machinery workplace depends on
contextual factors — primarily on human and organizational factors.

H2: It is possible to prototype innovative support systems: 1. Operator’s ergonomic adjustment system,
serving to solve human factors issues and 2. Smart multi-sensorial operator aid system and software
system structural description model as constituent, serving to solve both human and organizational
factors issues. Both prototypes are prerequisite parts of commercial Decision Support System.

Hs: If level of HF/E, digitalization and automation and contextual factors are aligned, high value of
sustainability index must be achieved.
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SmartMiner methodology paradigm

Cycled | WPS5: Hypothesis H,

1. Problem Analysis
2. Design Solution
3. Develop Solution

1. Descriptive - analytical method
2. Abstraction Method
3. Reapplication Method
4. Evaluation 4. Decision Tree Method
5. Reflection to theory 5. Analytical Method
and practice

WP4: Hypothesis H,

Cycle 3 |

1. Problem Analysis

2. Design Solution

3. Develop Solution

4. Evaluation

5. Reflection to theory 5. Extreme programming
and practice

2, Casual Methodology

3. Comparative Methodology

4. Systemic Method

1. Descriptive - analytical method

DECISION SUPPORT SYSTEM Productlon

Hypothesis H,

Cycle2 |

1. Problem Analysis

2. Design Solution

3. Develop Solution

4. Evaluation

5. Reflection to theory
and practice

1. Descriptive - analytical method
2. Casual Methodology

3. Comparative Method

4. Systemic Method

5. Experimental Method

PHYSICAL
PROCESSES

WORKING ENVIRONMENT
Dlsturbance
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. Problem Analysis

1. Descriptive - analytical method
. Design Solution

: 2. Casual Methodology
- Develop Solution 3, Comparative Method
- Evaluation 4. Systemic Method
5. Reflection to theory 5, Survey Method
and practice
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SmartMiner and stakeholders

General public
Understand motivations,
survay participation and
results sharing with them

Governmant and its relevant
agencies

Involve them in events and share results
with them, Bor administrative district
government already expressed interest

Associations representing the
minning community

Share clear meesages and present
project benefits -Serbian Chamber of
Commerce and Local Chamber of
Commerce from city of Pirot (Serbia)
already expressed interest

@

Mining companies

Explain Business plan to involve them - Omya AG, Switzerland (located in
Arandelovac — Serbia), Drumovi A&D from Pirot (Serbia), Gradir
(Montenegro) and InTek Global Solutions (North Macedonia) already

organizations including SF
Clear messages and results; Involve them in
events and share results with them

@ Regulation and policy markers

Involve them in events as keynote speakers
and share results with them - City of Bor
(Serhia) already expressed interest

expressed interest - -
8 "~ Investitors and R&D funding

Research centres and academic staff
Provide realistic, valuable science-based
innovation model and share knowledge

Environmental NGO’s

Engage them to introducing the possibility to participate and bring
experience — union of mining workers from Bor (Serbia) already
expressed their interest

Figure 3. Additional stakeholders “attraction strategies”
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Finally, SmartMiner is “one-of-a-kind” :

1. It addresses the major problem of today’s mining industry — its” productivity and sustainability by paradigm shift to
combining a human-centric engineering approach with business strategy rooted in data and analytics.
2. It will influence two crucial and correlated factors: improve safety and reduce pollution.

3. It starts and ends with real industry problems solved by cyclical DBR&DBS approach, which implies continual
improvement.

4. It will provide solution in the right way which integrates individuals, their tasks, smart tools and technologies,
physical environment and the organization as the only way leading to sustainable solution.

5. It addresses all stakeholders’ and beneficiaries’ groups — research, academia, industry, unions, public sector...

6. Competent SmartMiner team mobilizes 15 researchers and 4 esteemed, top external experts from Germany, USA,
the most cited scientist in the region and in the country.

7. It will provide PCT protected technology development and tangible results through its scientific groundbreaking
objectives fulfillment based on HF/E and Artificial Intelligence merged into mining machinery operator micro and
macro environment to translate data and signals into a language understandable by human users in manner to
transform an operational setting from machine-centered to human-centered.

8. Its results have both national and international significance and huge potential for future extensions.
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SmartMiner workpackages

WP Lead
SRO’s acronym

WP No WP title

WP1 Project management and coordination EMEUB
WP2 User/operator and stakeholders’ issues, requirements and needs — inputs for
co-design process TF Bor
Development of context-specific multi-sensorial mining machinery operator
WP3 :
aid system FMEUB
Smart, Ergonomic and Sustainable Mining Machinery Workplaces System
WP4
development FMEUB
WPS Dissemination activities and stakeholders’ collaboration
FMEUB
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SmartMiner organisational
structure, tasks and
deliverables
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Description
Work Package 1*
Subactivity 1.1
Subactivity 1.2
Subactivity 1.3
Subactivity 1.4
Subactivity 1.5

Work Package 2*
Subactivity 2.1
Subactivity 2.2
Subactivity 2.3
Subactivity 2.4
Subactivity 2.5

Work Package 3*
Subactivity 3.1
Subactivity 3.2
Subactivity 3.3
Subactivity 3.4
Subactivity 3.5

Work Package 4*
Subactivity 4.1
Subactivity 4.2
Subactivity 4.3
Subactivity 4.4
Subactivity 4.5
Subactivity 4.6

Work Package 5*
Subactivity 5.1
Subactivity 5.2
Subactivity 5.3
Subactivity 5.4

{ )

moart Miner

SUPPORT SYSTEMS FOR SMART,
ERGONOMIC AND SUSTAINABLE
MINING MACHINERY WORKPLACES

SmartMiner work plan

8] 4 5 6 7 8
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WP1:Project management and coordination

D1.1. Reports on meetings, Ethics compliance full report and Data management detailed plan — month 3 (updated regularly)

D1.2 Project Management Plan — describes project management structure and general decision-making procedures to ensure the
high quality and low risk levels of day-to-day project management — month 3

D1.3 Periodic Activity Report — each year - month 12,24

CmartMiner oo martMiner _ . oo-
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martMiner

D1.1 — Reports on meetings, Ethics

compliance full report and Data management iversity of Belgrade (FMEUB)

detailed plan gs )

PU: Public

0 Kraljice Marije 16,11120 Beograd 4 1 [
- 3 m linkedin.com/company/project-smartminer

011 3302 318 - i
n Projekat SmartMiner
E smartminer@mas.bg.ac.rs

) project.smartminer ©) OIS
smartminer.mas.bg.ac.rs @] AN v 1 /63 Q ) Q



https://reporting.fondzanauku.gov.rs/#/login
https://1drv.ms/b/c/c167cd2156c71e58/EcvO460LCmpOmCELgRkFrOwBbNrgTe2BKh7k9OydzXCNSg?e=w1Eemk
https://1drv.ms/b/c/c167cd2156c71e58/ES1m6YYICLNAvx1yEU__mCIB2VkN7UXUkwiW2ueV_FeMuA?e=LKdG81

'Smur'ﬁlliner

SUPPORT SYSTEMS FOR SMART,
ERGONOMIC AND SUSTAINABLE
MINING MACHINERY WORKPLACES

WP1:Project managemen

SmartMiner

Support Systems for Smart, Ergonomic and

‘-
W (ad
: mm” Sustainable Mining Machinery Workplaces
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_ ANKETA

i’o§ta‘van; S

anketo koja se nalazi pred Vama pred: ja instrument istroZivonja stanjo bezbednosti i zdravija Vaseg
rodnog mesta.

Anketa je anonimna | od Vas se ofekuje da i 0 svaki Jjednom od ocena 1-
6. Ocena treba da predstavifo nivo vaseg sloganjo odnasno ne slaganja u vezi stvarnog stanja sa rozmatranim
parametrom v Vasoj organizociji. Ocene imaju sledece znacenje:

1-potpuno nesoglasan
2-nesaglasan
3-neutrainog mislfenja
4- saglason

5-potpuno saglasan

Takode, za vrednovanje znacaja svakog pojedinacnog a uvezib
BZR) koristiti sledecu skalu ocena:

iizdravija na radu (skr.

1- nema nikavog znalajo;
2- mall znaco)

3+ srednji znacaj

4-veliki znolof

5- veoma veliki znaéaf

Takode, znacajne je napemenuti da dva ili vise parametra mogu imati istu ocenu.

Unapred Vam hvala na soradnji.
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Rizici ankete; Specifitnih rizika nema, osim popunjavanja upitnika rutno |l elektronskim putem na ratunaru

jem ank

vljenim radovima. Mo
ide fuvani u labaratorijam
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Shodno
o Vas

| deo. Demografski podaci ispitanika

1 /Muski
it CZ’ Zenski
1. 525
2. 2635
Godine starest 3, 364
L) 4655
. $ St i 3. 256 i
1. sS
2. 510
3. 1115
Ukupan kalendarski radni sta (godina) 4. 16-20
5. 2125
T8 26-30
7. =31
> 55

Ukupan radn

% na trenutnom radnom mestu {goding]

16-20
2125
26-30
z31

Kvalifikacija/Strugna sprema

g{(/b

NK- Nekvalifikovan

KV- Kyalifikovan

$SS- Srednja struéna sprema
V- Visoka struéna sprema
MR- Magistratura/Master
OR- Doktorat

Fozicija u orgas

2
3
4
5
13
7
1
2. PK-Polukvalifixovan
3
4,
5.
6.
7.
1

Gperativnl menadiment /
Posloveda

_)Ruko oc radnih masina
Radnik na odriavanju

U delakrugy moga rada je maina tipa

_3
1. Bager
2. Rotorni bager
3, Damper
4. BuldoZer
@)Uxovanm:

6. Kombinirka
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SmartMiner is a project funded by the Science Fund of the Republic of Serbia as a part of the
Green program of cooperation between science and industry (Grant No. 5151)
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Postovani,

Anketa koja se nalazi pred Vama predstavlja instrument istrazivanja stanja bezbednosti i
zdravija Vaseg radnog mesta | radnih mesta koja su pad vasom kontrolom

Anketa je anonimna i od Vas se odekuje da kvantitativno vrednujete svaki parametar
jednom od ocena 1-6. Ocena treba da predstava nive vaseg slaganja odnosne ne slaganja
u vezi stvarnog stanja sa razmatranim parametrom u Vaoj organizaciji. Ocene imaju
sledete znatenje:

1-potpunc nesaglasan

2-nesaglasan

3Ineutralnog mislenja

4-saglasan

5-potpuno saglasan

Takode, za vrednovanje znataja svakog pojedinatnog parametra u vezi bezbednosti i
zdravlja na radu (skr. BZR) koristiti sledecu skalu acena

1-nema nikavog znacaja;

2-mali znacaj

e Kraljice Marije 16,11120 Beograd

011 3302318
8 smartminer@mas.bg.ac.rs

smartminer.mas,bg.ac.rs

3- srednji znataj
4 vellki znata

5-veoma vellki znataj

Pored toga, znagajno je napomenuti da dva il vise parametra mogu imati istu ocenu.

Unapred Vam hvala na saradnji

Rizici ankete: Specificnin rizika nema, osim popunjavanja upitnika ruéno il elektronskim
putem na raéunaru.

Dobrovoljno udesde: S obzirom da Vas nista ne obavezuje da popunite upitnik, Vase useste
u anketi je potpunc dobrovoljno. Vasa saglasnost da ucestvujete u anketi je data
popunjavanjem | slanjem ankete nazad istrazivatu na gore navedenu adresu. S obzirom na
¢injenicu da je istrazivanje anonimno, nakon &to posaljste upitnik sa vasim odgovorima,
informacije koje ste naveli ne mogu biti povudene iz istraZivanja.

Sakupliene informacije iz anketa bice liene i objavljene
u zbimom obl ku. Shodno tome, informacije koje identifikuju pojedinice nece biti koriséens
u prezentacijama i objavljenim radovima. Molimo Vas da ne navodite ni Vase ime ni
identifikacione podatke u upitniku. Primljeni upitnici bice Suvani u labaratorijama i/ili na
ra&unarima, i dostupni samo za 1o zaduZenim &lanovima SmartMiner tima. Informacije
koje su prikupljene putem anketa bice uvane 2 godine nakon poslednjeg objavijivanja, i
nakon toga uniétene

Demografski podaci ispitanika

Pol *

m linkedin.com/company/project-smartminer/

n Projekat SmartMiner

project.smartminer
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WP2:User/operator and stakeholders’ issues, requirements
and needs — inputs for co-design process

D2.1. Initial workshop with stakeholders — report — month 3

D2.2. Data collected using questionnaire to assess mining machinery operators’ anthropometric measurements and
opinion on_the workplace factors / interview set of questions upon need, measurement scales development and
statisticai'ati “nalysis — database - month 6

D2.3. Data collected using questionnaire to assess management opinion on safety climate, organizational factors and
sustainability performance/ interview set of questions upon need, measurement scales development and statistical
data analysis — database - month 7

D2.4. Structural equations model (SEM) covering interconnections of all assessed groups of factors — modeling report -
month 9

D2.5. Basic decision tree developed based on PROMETHEE/ GAIA ranking and AHP-ANP prioritization — month 12
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WP2:User/operator and stakeholders’ issues, requirements
and needs — inputs for co-design process
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15t STAKEHOLDERS
ENGAGEMENT WORKSHOP
October 3-4, 2023
T
-

AGENDA

October 3", 2023, room 514

Project acronym SmartMiner

Project full title: Support Systems for Smart, Ergonomic and Sustainable Mining Machinery 11:00 Opening of the meeting
Waorkplaces 11:05 Prof. Dr Vesna jevic Brkic: Concept and

Call identifier bitps:/fondzanauku.gov.cs/poziv/ 202307 /green-program-of-cooperation- 11:35 Prof. Dr Ivan Mihajlovié: C wth in —
between-science-and-industry/?lang=en

Type of action Green Program of Cooperation between Science and Industry .

Start date 01 May 2023 12:05 Coffee break

End date: 30 April 2025 12:20 Prof. Dr. Eckard Helmers: Zero (carbon) emission mobility based on Life Cycle impacts

Grant agreement no: 5151 13:00 Discussions

13:30 Wrap-up and next engagements
14:00 End of the meeting, group photo and lunch

D2.1 — Initial workshop with stakeholders

October 4", 2023, room 514

User/operator and stakeholders issues, requirements and needs — inputs

wp2 woperator and 12:00 Opening of the meeting
Due Date for co-design process 12:05 Prof. Dr Eckard Helmers: Institutional carbon foofprinting and how to sustain the worid
Submission Date 30 Jul: 27 14:00 End of the meeting, group photo, and lunch
Responsible Partner Technical faculty in Bor; University of Belgrade (TF Bor)
Version:
Status Final
) Dorde Nikolié (TF Bor), Isidora Milosevié (TF Bor), Andelka Stojanovié
Auhor(g): (TF Bar), Participating PLP2,PS-P14
Reviewer/QC(s): Vesna Spasojevic Brkié (FMEUB)
Deliverable Type: R: Report
Dissemination Level PU: Public

0 Kraljice Marije 16,11120 Beograd

@ 011 3302 318
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WP2:User/operator and stakeholders’ issues, requirements
and needs — inputs for co-design process
D2.2. Data collected using questionnaire to assess mining machinery operators’ opinion on the workplace factors /

interview set of questions upon need, measurement scales development and statistical data analysis — database -
month 6

Science Fun
of the Repub!

mortMiner

SmartMiner
Support Systems for Smart, Ergonomic and Sustainable Mining Machinery
Workplaces

hitps://fondzanauku.gov.rs/poziv/2023/07 gram-of-cooperation-
betw ience-and-industry/2lang=en
Gre n of Cooperation between Science and Industry

01 May 2
30 Apr

5151

D2.2 — Data collected using a questionnaire to
assess mining machinery operators’ and
statistical data analysis — database

WP2

Due Date
Submission Date
Responsible Partner

Version:

Status:

Author(s):
Reviewer/QC(s):
Deliverable Type:
Dissemination Level.

N\ Nt

User/operator akeholders' issues, requirements and needs — inputs

31 October 2023
Technical faculty in Bor; University of Belgrade (TF Bor)

Dorde Nikolié (TF Bor), Isidora Milosevié (TF Bor), Andelka Stojanovié
(TF Bor), Participating PLP2,P5-P14

Vesna Spasojevié Brki¢ (FMEUB)

R: Report

PU: Public

1 /117 O} a0 Q

meortMiner

ANKETA ZA RUKOVAOCE RUDARSKE
MEHANIZACIJE

Postovani, anketa

koja se nalazi pred Vama je anonimna i predstavija instrument istraZivanja
stanja ergonomske prilagodenosti Vaseg radnog mesta. Unapred

Vam hvala na saradnji.

Rizici ankete: Specificnih rizika nema, osim popunjavanja upitnika ruéno ili elektronskim
putem na raéunar.
Dobroveljno ucesce: S obzirom da Vas nista ne obavezuje da popunite upitnik, Vase ucesce
uanketi je potpuno

Vasa da utestvujete u anketi je data popunjavanjem i slanjem
ankete nazad istrazivacu na

gore navedenu adresu. S obzitom na éinjenicu da je istrazivanje anonimne, nakon §to

posaljete upitnik sa vasim

odgovorima, informacije koje ste naveli ne mogu biti povuéene iz istraZivanja
i Anoni ipliene informacije iz anketa bice

zbimom obliku

i objavijene u

Shodno tome, informacije koje identifikuju pojedinice nede biti koriscene u prezentacijama i
objavijenim

radovima. Molimo Vas da ne navodite ni Vase ime ni identifikacione podatke u

upitniku. Primijeni upitnici bice

Guvani u labaratorijama ifili na raéunarima, i dostupni samo za to zaduzenim &lanovima
SmartMiner tima.

Informacije koje su prikupliene putem anketa biée Guvane 2 godine nakon poslednieg
objavijivanja, i nakon toga
unistene.

0 Kraljice Marije 16,11120 Beograd
0113302318

E smartminer@mas.bg.ac.rs

smartminer.mas,bg.ac.rs

3. Data collected............... . . SRR 6

4. Results Of FeSearch.. ... 1

4.1. Operators atitude related to the workplace safety

Table 1. The result of the factor analysis for the assessment of technical factors

4.1.1. Respondents opinions by questions....... -+
Group 1. Technical factors assessment. e e 3 Assessment of the actual situation in the organization
Group 2. HUMan fACIOrS BSSESSMEN ...vvrvecevreesseeeeerssesseeisesssessssssesssesssssasssesseasseserssssmseessssesess 22
. Ora: . . Factor . Variance
Group 3. Organizational factors . 29 Facftor Ttem N Eigenvalue i KMO Cronbach’s
loading explained !
Group 4. bility factors - ST
4.1.2. Exploratory factor analysis (EFA) — 52 ! ]_COHE.C;WS protective Egmp meml (5“'5
extinguishers, gas and ventilation
. . - 710 4.969 70.992 924 931
4.2. Operators attitude related to the workplace ergonomics . 66 parameters meters...) are correct and
4.2.1. Respondents opinions by question N SOOI - present at my workplace
4.2.2. Exploratory factor analysis (EFA) ........ccooeerimommsmiemsmssiscssmimsmensssssssisesmumssssssmssseosssssssis 112 2. Work equipment and work machines
5. Responsibility assignment...... ..116 are appropriate for the work operations I 885
perform at my workplace.
Work .
equipment 3. Work equipment and work machines
qup are regularly controlled and inspected by .884
the authorities.
o 4. The work equipment I use is correct,
E - 837
ample size an
.
5. Personal protective equipment for
work is comfortable and does not bother .896
me while I work.

m linkedin.com/company/project-smartminer
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WP2:User/operator and stakeholders’ issues, requirements
and needs — inputs for co-design process

D2.3. Data collected using questionnaire to assess management opinion on safety climate, organizational factors and
sustainability performance/ interview set of questions upon need, measurement scales development and statistical

i

— V E—
data analysis — database - month 7 . Comoiw scion &« siweye when 990
when nagement is tokd ab esafe
e practi
" : " . . " L . - 5. In my waorkplace, 844
1 | Timestamp Pol Godine starosti Ukupan kalendarski rad Ukupan radni staZ na tr Kvalifikacija/Struéna spiVada pezicija u organizi U toku moje karijere ne!Povreda je okarakter -
9 p . o Y managers/supervisors show interest in
2 10/9/2023 10:40:20 Muski 46-55 26-30 5 godina il manje VS- Visoka struéna spr MenadZment najviSeg nNije my safety.
3 10/9/2023 10:47:20 Muski 46-55 26-30 5 godina ili manje DR- Doktorat MenadZment najviSeg n Nije ) i
4 | 10/17/2023 11:16:35 Muski 48-55 21-25 11-15 SSS- Srednja struéna s Option 3 Jeste Teska 7. Mamagers and supervisors express
Science Fund 5 10/17/2023 11:26:32 Zenski 26-35 5 godina ili manje 5 godina ili manje MR- Magistratura/Mast Option 3 Nije concern il safety procedures are sol 836
of the Republic of Serbia 6 10/17/2023 12:01:17 Muski 56 i viSe godina 31 ili vide godina 11-15 MR- Magistratura/Mast MenadZment najviSeg n Jeste Laka adh
7 10/17/2023 13:36:54 Zenski 26-35 5-10 5 godina ili manje VS- Visoka struéna spr Srednji nivo menadzmei Nije ar warknl i ement i )
fi A 8 10/18/2023 0:00:27 Zenski 36-45 11-15 11-15 MR- Magistratura/Mast Menadzment najviseg n Jeste Teska -I1r:- m\_;:;:'h II:"\ 1m';t|"‘"'l EmeRt umsE - gag 1.061 15162
bi ¥ afiet: C
p N\ 4 y ] 10/19/2023 14:02:23 Muski 36-45 11-15 5-10 VS- Visoka struéna spr: Srednji nivo menadZmei Nije ° :
< o 10 10/20/2023 7:34:06 Muski 46-55 21-25 11-15 MR- Magistratura/Mast Optien 3 Jeste Teska 6. Management acts only after accidents .
y 93y
! # ) m“remn” 11| 10/23/2023 18:31:56 Muski 25 ili manje godina 5 gedina ili manje 5 godina ili manje MR- Magistratura/Mast Option 3 Nije have ocourred. =
- 12 10/23/2023 18:55:15 Muski 36-45 16-20 5 godina ili manje VS- Visoka struéna spr Option 3 Nije , )
) 3.005
T e—— S 13| 10/23/2023 19:14:14 Muski 46-55 26-30 11-15 SSS- Srednja struéna s Option 3 Jeste Laka comuintive 33993
Project full title 14 10/23/2023 19:31:12 Muski 48-55 16-20 5-10 SSS- Srednja struéna s Option 3 Jeste Laka |. Certam safety mles and procedures do 980
Call identifier: W 2 15 10/23/2023 19:41:26 Muski 46-55 31 ili vide godina 31 ili vise godina SSS- Srednja struéna s Option 3 Nije nat have to be followed in onder (o do the 2.RED 06,303 778 GR|
l‘_ﬂ\\ccn science mfi industry/?lang=en 16 10/23/2023 19:55:26 Muski 46-55 16-20 5-10 VS- Visoka struéna spr Option 3 Nije jub safely.
lv‘f;("'fh““‘”’ v e e e e 17 10/23/2023 20:10:58 Muski 46.55 2125 2125 MR- Magistratura/Mast Option 3 Nije Certain  rules and  procedures oo,
30 April 2025 18 10/23/2023 20:20:32 Muski 56 i vise godina 31 ili vide godina 5 godina ili manje VS- Visoka struéna sprOption 3 Nije regarding safery and health st work are i
sisl 19| 1012312023 20:47:13 36-45 16-20 11-15 VS- Visoka struéna spr Option 3 Nie . not practical.
20| 10/23/2023 20:57:48 Muski 56 i vie godina 31 ili vide godina 31 ili viSe godina SSS- Srednja struéna s Option 3 Nije 3. Sometimes ii is necessary io deviaie
. . . : - T . TR
D2.3 — Data collected using a questionnaire to from safety requirements for the sake of
. »:iife . production.
assess managers in mining industry and R R R ——
o 2 Encourasi - T am involved in informing sbout .0 45013 s00 w0
statistical data analysis — database I imporant security issues CLLTE A2
Sa m Ie S i Ze 3 1 60 improve safety 2. I deal with issues of safety at work -
T User/operator and stakeholders” issues, requirements and needs — inputs p s at work
Due Date
Submission Date: 30 November 2023
Responsible Partner Technical faculty in Bor; University of Belgrade (TF Bor)
Moy b Table 8. The result of the factor analysis for the assessment of the importance of sustaina ¢ Tactor
atus: inal
O Porde Nikoli¢ (TF Bor), Isidora Milosevié (TF Bor), Andelka 4 p
Stojanovié (TF Bor), Participat ps-P14 0 Kraljice Marije 16,11120 Beograd b 1 .
Reviewer/QC(s) Vesna Spasojevié Brki¢ (FMEL m linkedin.com/company/project-smartminer/ Assessment of the importance of parameters related to safety

Deliverable Type: R: Report o o ) .
Dissemination Level PU: Public 011 3302318 . \ and health at work
Projekat SmartMiner
E g smartminer@mas.bg.s
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Project acronym:
Project full title:

Call ides

D2.4 — Structural equations model (SEM)
covering interconnections of all assessed
groups of factors — modeling report

and needs — inputs

er/QC(s.
cliverable Type: R: Report
Dissemination Level PU: Public

and needs — inputs for co-design process

D2.4. Structural equations model (SEM) covering interconnections of all assessed groups of factors — modeling report -
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Figure 3. Structural model in PLS
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Figure 2. Structural model in AMOS
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WP2:User/operator and stakeholders’ issues, requirements

and needs — inputs for co-design process

D2.5. Basic decision tree developed based on PROMETHEE/ GAIA ranking and AHP-ANP prioritization — month 12
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D2.5 — Basic decision tree developed based on MCDM ranking techniques

2.4. Aplication of hybrid SEM-MCDM procedure

In order to evaluate the considered operator’s workplace depending on the mining machineries they use,
operator’s opinions collected during the survey were used. The average evaluation scores for the seven
different types of mining machineris workplaces are shown in Table

Tabla 7. Summary of the average scores of mining machineries workplaces conditions to sach subcriterion
in model (Likert's seale between { and 5}

Human .f“'.“m_ Organizational factorzs-subcriteria
subcriteria

Type of mining i workplace | HF_1 HF 1| HF 3| OF_1| OF_1 | OF_3 | OF_4 OF_§
Operator on Excavator 7 4.784

Operator on Rotary excavator 43350 4189

Operator on Dump truck 4850 4.400

Operator on Bulldozer 4, 3.839

Operator on Loader 4.769 4.632

Operator on Grader 4.719

Operator on Other mining machine 4828

Sub ia weights 0.055 0043 | 0.035 [ 0141 | 0.126 | 0.150 | 0.144 | 0.133 [ 0.148

Basad on the application of the PROMETHEE Il ranking procedure, evaluation and ranking of operator’s workplace
condiotion iz given in Table 8. The preference level function was chozen as the best zolution for the description of
the analyzed data. These data are qualitative essentizlly, and in the analysis their quantitative analogue was w
(five-degres scale from one “totaly dissagree” to five “totaly agree™). The value thresholds were chosen g =0.3
(Indifference threshold) and p= 1.5 (Preference threshold), which correspends to the scale which was used for fator
evaluation by operators (Vego et al, 2008). Additionaly, Max criteria was selected based on the type of questions
belonging to sach subcriteria.

Table 8. PROMETHEE [T rankings

Type of mining machinery workplace 9+ ® Fanking
Operator on Excavator 0.05623 0.09623 2
Operator on Rotary excavator 0.02284 -0.03310 4
Operator on Dump truck 005951 004834 3
Operator on Bulldozer 0.01049 [
Operator on Loader 022813 1
Operator on Grader 0.004354 7
Operator on Other mining machine 0.01049 5

The workplace with the highest level of safety satisfaction is represented by the Operator on Loader i the
PROMETHEE II ranking order, while the worlplace with the lowest ranking results is represented by the Operator
on Grader.

D250m 2000 015000 10000 D 05000 1 o000 105000 01000 015000 2000 07500

Figurs 5. PROMETHEE II ner-flow results

The weight evaluation for each criterion affects the outcome 2z well, because the chosen criteria are not equally
important. Data on weight stability intervals for every subcriterion are shown in Table 9. Stability interval analysis
iz used to assess how robust the selected preference relations are. Reevaluating the input suberiteria can be done after
the stability intervals have been mterpreted. A large stability 1 sts that even when the parameter varies
analysis revealed that none of subcriteria

Criteria Subcriteria
HF_I
Human factors | HF 2
HE 3
OF_1
QF_2
Organizational | OF_3
factors OF 4
OF_3
OF 6

Table 9. TOFSIS rankings

Type of mining machinery workplace CCi Ranking
Operator on Excavator 0.74133 2
Operator on Rotary excavator 0.43965 4
Operator on Dump trock 0.38639 3
Operator on Bulldozer 0.34310 5
Operator on Loader 0.96231 1
Operator on Grader 0.18317 7
Operator on Other mining machine 0.31919 8
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WP3:Development of context-specific multi-sensorial
mining machinery operator aid system

D3.1. Fully functional multisensory mining machinery operator aid system established or in operating mode (TOOL
which can monitor the list of the most important workplaces factors coming out of WP2) — month 15

D3.2. Databases design for collecting the data lines obtained from the measuring sensors and final measurement
scale development for assessment of the behavioristic and safety climate indicators of each workplace, on the
weekly bases — month 17

D3.3. Modeling results report- numerical and statistical models, based on MLRA and ANNs, developed for simulation
of the procedures and processes on each of evaluated mining machinery workplaces — month 19

D3.4 Report on verification & validation of multi-sensorial operator aid system input / output models, based on new
data lines acquisition - month 21

D3.5. Operator’s ergonomic adjustment system designed and technical solution started verification procedure —

month 21
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; - LAFmax . . LeqRecale  Lmax Recale Lmin Recalc
Time LATp [4B) (o LE [dB] Status {481 s 18] L Run[dB]
10:36:12 AM 534 534 50,6
10:36:13 AM 548 548 32,7 1054
10:36:13 AM 54,1 548 543 48 N
10:36:14 AM 538 548 54,6 104,5
10:36:14 AM 57,1 57.1 56,6
10:36:15 AM 554 57,1 573 02
10:36:15 AM 61,9 61,9 60,4 528
10:36:16 AM 61,8 61,9 61,8 03
10:36:16 AM 61,5 61,9 62,7
10:36:17 AM 65,1 65,1 64,1
10:36:17 AM 59,5 65,1 64,5
10:36:18 AM 58,5 65,1 64,7
10:36:18 AM 59,4 65.1 64,9
10:36:19 AM 593 65,1 65,2 02 2:00:00 AM 12 1 0€
10:36:19 AM S8.8 65.1 653 52,8
10:36:20 AM 54,5 65,1 65,3 03
10:36:20 AM 539 65,1 654
10:36:21 AM 53,7 65,1 65,5 Prowtna buia B6,A9601375
X E 10:36:21 AM 52,1 65,1 655
: - . T AM 55 i 65.7
Calculation of Daily VDV Exposure for Whole-Body Vibrations In accordance with: EU Directive 2002/44EG and ISO 2631-1: 1997
Operating person: Person 1 Activities: Activity 1
(overwrite "Person” Person 2 (overwrite "Activity" Activity 2
P | with names) Person 3 with descriptive text) Activity 3
Z, Person 4 Activity 4 Exposure limit value: 21
i Person 5 Activity 5 Exposure action value: 9,1
Person 6 Activity 6
-
Person 7 Activity 7
Person 8 Activity 8
Person 9 Activity 9

Person 10 Activity 10

Dijagre

m/sM,75
m/s",75
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sensorial mining machinery operator aid system

Measuring variables

Measurement instrument

Calculated/Compared to

e Limit value in relation to the 24-

TROTEC PC 220

Particle sizes:
0.3pm, 0.5pm, 1.0pm, 2.5um, 5.0pm,

10pum
AT(°C)

hour PM2.5 standard

o Limit value in relation to the
annual PM2.5 standard

* Daily exposure limit - eight hours;

HUMAN-VIBRATION ANALYZER V31

Move on three orthogonal axes:
awx.,
awy
awz
aw(Vec)
MTVV
CO2 [ppm], KGVINO2 [ppm], KGVI

A(8)
¢ Daily action value of exposure -
eight hours; A(8)

o The limit values

DIGITAL ALMEMO D6 SENSOR / AHLBORN
ALMEMO 2590-2A/4AS

$02 [ppm], CO2 [mg/m3], KGVI NO2
[mg/m3], KGVI SO2 [mg/m3]

¢ Short-term limit values (KGV)

® Ppeak - peak value of sound pressure

HD2010UC/A Spectrum Analyzer Interating Sound

Level Meter

LCpk — peak sound pressure value
LAeq — equivalent noise level

LAFp — sound pressure

(maximum value "C" of frequency-
weighted current sound pressure)
o Larxsn - daily exposure level of to
noise (dB(A) in relation to the
reference value of 20puPa)

¢ LaEexismn-15min level of noise

exposure
¢ Larxsn- weekly exposure level to

the noise
o Limit values in relation to STAGE

TESTO 340 FLUE GAS ANALYSER FOR

EMISSION MEASUREMENT

ppm CO, ppm NO, % CO2, °C FT,
ppm NOx

I...V, year of engine production and
engine power

¢ Anthropometric measurements

Operator’s 3D model

CREALTY CR-SCAN 01

temperatures, humidity

Exhaust gases

Vibrations




STAGE 1(1999) STAGE Il STAGE Il STAGE Ill B STAGE IV
- E F G ] H | ] K L M N P Q R ’
4 8 2002 | 2003 | 2004 | 2001 | 2006 | 2007 | 2008 | 2007 | 2011 | 2012 | 2012 | 2013 | 2014 [ 2014
’er FUMDED BY
o ‘r;ﬂ 5’\3 "'“5 i FS 3?: : ': ST 3': S: S: SEM 3;: 5:‘ SCIence Fund
NOx ;.z -:.z 92 -;:: 80 |40 [40] a7 1:3 z:c 3:} 3:1 A:v u:a u:¢ 'MART, of the Republic of Serbia
PT -_053 ‘3‘7‘_79,8\5—' 0;2 03 [ 04 ] EB-CZ CE ‘G;d‘ E 0,025] DLZ: ﬂiZ'S !LCES ?,CZS ‘BGZSk‘| AB I_ E
#FGRANT Mo, 5151
MINING MACHINERY WORKPLACESIy, 1 2 3 1 5
Rule book/Standard International standard Mark The limit value The short-term exposure limit Mining Mining Mining Mining Mining
(GV) value (KGV) machine1 | machine2 | machine3 | machined | machine$s
Machine l‘\"pe: Excavator Excavator Damper Excavator Excavator
kWh: 123 180 250 370 370
Year: 2018 2024 2008 2017 2017
NOISE
+ Rule book on preventive measures for safe and healthy work when exposed to noise (Official | *ISO-9612-2009 Ppeak 140 Pa (137 dB(C)
Gazette of RS No. 96/2011. 78/2015, 93/2019); *ISO/11201 — Acoustics — Noise in relation to the 139 o a1 1081 135
* Rule book on noise protection measures and norms at work in workplaces (Official Gazette of RS, | emitted by machinery and equipment reference value of
No. 21/92); 20 pPa);
LAEX,8h daily | 85 dB(A) LA eq,15min dB(A) = 70 (drive | _ - a0 s it
noise)/ 60 (traffic noise) ) ) '
EMISSION OF GASEOUS AND PARTICULATE POLLUTANTS FROM INTERNAL COMBUSTION ENGINES
Q/k“"h [T smtipsss) TRGEN SAGE W TGS Tsmeeny | STAGE IV STAGE IV STAGE Il STAGE IV STAGE IV
Category BARRRRDDIRRRnnnoDn. CATEGORY | CATEGOR | CATEGORY | CATEGORY | CATEGORY
P g A R o e e o o R va N o o
W 3 : D eV e I **<Directive 9768EC % 02 16.33 17.87 16.00 16.06 14.06
L] *Directive 981053 | CO
Directive EU “Directive 2008/50/EC *Regulation | NOx
(EU) 2019/1242 SO2
opment o It e | x|
exhouse pipe
INDOOR AIR QUALITY (GASES, PARTICULATE POLLUTANTS)
The limit value The short-term exposure limit ppm ppm ppm ppm ppm
context-
mg/m? ppm mg/m® ppm A e e B e I I el I s
= . Rule book on preventive measures for safe and healthy work when exposed to chemical substances Directive 2006/15/EC (second list). COo2 9000 5000 = e o 7
S p e C I I C ("Official Gazette of RS", no. 106/2009, 117/2017 and 107/2021) Direktiva 2017/164/EU (Cetvrta lista) S02 13 05 27 1 o - 25 | 0o | a0 | oo | oe
Directive 2017/164, ist). Ni . . . ! !
J /164/EU (fourth list) 02 0.96 0.5 191 1 - % e o || e -E
AP.p mbar
m u I — 975.9 882.8 880.6 880.2
24-hours PM2.5 Yearly PM2.5 standard
- standard
EPA - National Ambient Air Quality | 2.5 pm 35 pg/m3 9um/m3 15. 31. o
S e I I S O r I a Standards (40 CFR part 50) 1 1 )
EPA - National Ambient Air Quality | 10 pm 150 pg/m3 9um/m3 72. 30.
- o Standards (40 CER part 50) 7 9
OUTSIDE AIR TEMPERATURE
I I Temperature <+5°C +5°C ++15°C >+15°C
28.5 30 35 30 30
] Rule book on preventive measures for safe and healthy work at the workplace ("Official Gazette of AT(°0O) 15-18 15-18 max 28 2132
RS", RS 21/2009) RH(%) max 75 max 75 28°C? 55
:";iiz 22 38.698 34.942 34.526 28.053 31.958
24773
VIBRATION
Rule book on preventive measures for safe and healthy work when exposed to vibration ("Official *ISO 2631-1 | The daily limit 1.15 m/s2 [W/B]
Gazette of RS", no. 93/2011 and 86/2019) 18O 2631-5 value of
. “1SO-2631-1978 *ISO-TR-25398-2006 | exposure eight 026 031 053 026 o
Earth-moving machinery hours: A(8)
The daily action | 0.5 m/s2 [W/B]
value of 0.26 0.31 0.26 0.40
exposure eight
hours; A(8)
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WP5:Dissemination activities and stakeholders’
collaboration

D5.1. Project website and profiles launched using logo and posters and brochures printed — month 3

D5.2. Dissemination Plan Activity Report — month 4 and Dissemination Activity Report — yearly month 12,24

D5.3. Scientific open access publications (min 2 in high impact M21/22 journals), 6 high impact conference papers,
technical solution and patent application, public events and workshops (cross-section on an annual basis - month 12, 24)
D5.4 Collaboration with stakeholders’ report — cross-section on an annual basis - month 12,24
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Figure 19. SMARTMINER LinkedIn page
Figure 12. SMARTMINER web site Home Page design
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D5.3. Scientific open access publications (min 2 in high impact M21/22 journals), 6 high impact conference papers, technical
solution and patent application, public events and workshops (cross-section on an annual basis - month 12, 24)
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D5.3. Scientific open access publications
(min 2 in high impact M21/22 journals), 6
high impact conference papers, technical
solution and patent application, public
events and workshops (cross-section on an

annual basis - month 12, 24)

=

Planned results 2 M21/22, 1
technical solution, 6 M33, 1
patent

Till now 24 published (1 M22,1
M23,1 M31,1 M51,20 M33)
and 1 technical solution M81
In review 2 high impact papers
-1 M21 and 2 M22
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Workplaces
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D5.3 - Scientific open access publications
(min 2 in high impact M21/22 journals), 6
high impact conference papers, technical
solution and patent application, public events
and workshops (cross-section on an annual

basis) — month 12
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Spasojevic Brkic, V., Brkic, A., Perisic, M., Misita, M., Janev, M. [2023). EXCAVATOR'S AND
BULLDOZER'S DOWNTIME COMPARISON AND RISK MANAGEMENT: PRELIMINARY STUDY,
International May Conference on Strategic Management — IMCSM23 May, 2023, Bor, Serbia,
2023, 19, 1, 301-308

, PeriSi¢, M., Janev, N, Rakonjac, |. (2023). SAFETY
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30-36
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