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There has been a steady rate of accident in Coal Thermal Power Plants which have relatively higher chance of mortality.

However, neither the systematic view of safety management nor the methodology such as safety factors or system requirements

are yet to be studied in detail. Therefore, this study aims to propose a methodology to preemptively deal with safety issues

and to secure fact focused responsibility in safety. It consists of two main parts. First, the Safety Measurement Index(SMI) with

total 50 factors is proposed by analyzing the key factors that contribute to safety accidents based on failure mode and effect

analysis (FMEA) and quality function deployment (QFD). To analyze the safety requirements, index presented by major countries

and organizations are discussed. Second, main features of intelligent CCTV are studied to determine their relative importance

for the framework of Smart Safety Management System (SSMS). Main features are discussed with four technological steps. Also,

QFD was held to analyze to analyze how key technologies deal with Quality Measurement Index(QMI). The research results

of this study reveal that scientific approaches could be utilized in integrating CCTV technologies into a smart safety management

system in the era of Industry 4.0. Moreover, this reasearch provides an specific approach or methodology for dealing with safety

management in Coal Thermal Power Plant.

Keywords : Smart Safety Management, Safety Measurement, Power Plant, Quality Function Deployment, Failure Mode

and Effect Analysis
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<(Table 1> Status of Safety Accidents of Power Plant Industry in Recent 5 Years

2015 2016 2017 2018 2019 Aver.
N % N % N % N % N % %
Fall 6 6.82 16 17.2 5(1) 6.58 10 10.2 13 1275 | 10.71
Trip over 11 12.5 21 22.58 18 23.68 18 18.37 23 22.55 | 19.94
Buried, eversion 1 1.14 3 3.23 1 1.32 5 5.1 5 49 3.14
Bumped 6 6.82 5 5.38 5 6.58 12 (1) 12.24 7 6.86 7.58
Hit by an object 7 (1) 795 2 2.15 3 3.95 5 5.1 6 5.88 5.01
Collapse 0 0 0 0 0 0 0 0 0 0
Get stuck 7 7.95 8 8.6 10 13.16 7 7.14 12 11.76 9.72
Cut, amputate or stab 1 1.14 1 1.08 1 1.32 2 2.04 3 2.94 1.70
Fire, explosion, burst 9 () 10.23 1 1.08 0 0 9 9.18 3 2.94 4.69
Traffic accident 18 20.15 10 10.75 6 7.89 4 4.08 4 3.92 9.42
Musculoskeletal disease 6 6.82 6 6.45 7 9.21 5 5.1 3 2.94 6.10
Illness or disorder 10 (4) 11.36 9 (4) 9.68 13 (2) 17.11 12 (3) 12.24 14 (3) | 1373 | 1282
Electric shock 4 4.55 1 1.08 1 1.32 2 2.04 5 49 278
Burn or freeze 1 1.14 10 10.75 5(1) 6.58 6 6.12 3 2.94 5.51
Chemical contact 1 1.14 0 0 1 1.32 1 1.02 1 0.98 0.89
Sum 88 100 93 100 76 100 98 100 102 100 100

F) #E() S AR $5 g

o 570d(201613~2019\) A HlolEE F-E-3FATH28, <Table 2> FMEA Severity Evaluation Criteria
29, 30, 31, 32]. AAHAGe] Aol G 7|EHE Al9lst
I 157FA 3 FEE =Y, Zzbe] tiEk As) a3 2 A} Code Score Criteria
AL 3L <Table 4>9F 2t} H 510 o3 dol Very Low (VL) 1 Minor damage
A(Trip over)¥ 57 ZH(Illness or disorder)”} 717 Low (L) 2 Slight damage
wo uEs welon "ol (Fall), 719)(Get stuck) za Medium (M) 3 Significant damage
I WFAFIL(Traffic accident)”} 22 HE oAtk 54 High (H) 4 Significant damag with loss
Aoz Qlgh Atay) wjd FFE3] WA Tg: ey —’F Very High (VH) 5 Mostly result in loss
Ao Ao w "oly, FTl3)(Bumped), &40l
Sta(Hit by an object) 505 Q1 AFEARILE A5G <Table 3> FMEA Occurence Evaluation Criteria
ok FU A (Collapse)> 5ol ZA o 3 HE LASHA]
orotoi} Abae] AZHA AL uEsle] Aln & Occurence Score Criteria
7%01] 1 ]ga_xl %gkq_ Very Low (VL) 1 Take over 16% ~ 20%
theksl Ao A MeEhbd s 29 87 U obAAlw Low (L) 2 Take over 12% ~ < 16%
2 BA37] 93 FMEA HHES %%3}%1{_[4][4’ 36], Medium (M) 3 Take over 8% ~ < 12%
RPN 7} a2 7249 B9 F435lE A7 2 & High (H) 4 Take over 4% ~ < 8%
Ao we ekzle] WEo] o]Fo]x Q) E oI Very High (VH) 5 Take over 0% ~ < 4%
A1+ Bhattacharjee et al.[4]¢] RPN #4] WHES AR
AT, AT g3 HER gk 5H HF 458 <Table 4> FMEA Detection Evaluation Criteria
ek T WAEO0)S] A% Aa FY B _ —
WA 4EE Fusle] AE 2AS A TAEAT Detection Score Criteria
(<Table 2>~<Table 4> %Li) Very Low (VL) 1 Most likely to be detected
RPN AXMS MEd 384 1dste Zadoz Low (L) 2 Likely to be detected
PGryatE, G AAE Fob 7)) 2AGY A8EHY Medium (M) 3 Normally detected
). /1\:],2}1:( )_4 Ao LAA ALY AT} A High (H) 4 Less likely to be detected
AN E A kol zF Aol )t Al A 2 Z 5o Very High (VH) 5 Mostly not detected
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{Table 7> Safety Measurement Index for Coal Fired Thermal Power Plant

Large Medium Small RW(%)
l.a. Eye Protective Equipment 2.59
1.b. Respiratory Protective Equipment 3.46
1. Protective Equipment l.c. Head Protective Equipment 5.01
1.d. Other Protective Equipments 5.90
l.e. Cleanness of Protective Equipments 1.71
2.a. Excessive Work 0.14
Worker . :
2. Abnormal Behavior 2.b. Excessive Use of Body 5.34
2.c. Unstable Working Posture 0.88
. 3.a. Violence at Work 291
3. Other Behaviors - ; .
3.b. Dangerous Behaviors (i.e. Smoking) 2.25
. 4.a. Work Performance Duration 420
4. Working Standard -
4.b. Use of Right Tools 4.43
5.a. Work Flow 0.35
. 5.b. Working Height 1.75
5. Working Method -
5.c. Working Method 2.29
5.d. Cleanliness and Arrangement 1.56
6.a. Worker Location 0.51
6. Worker Location 6.b. Isolated Worker 0.47
Method ;
6.c. Worker Density 0.76
7.a. Worker Flow 0.04
7. Worker Flow .
7.b. Entrance Prohibited Space 0.04
8.a. Accident Recongition 4,07
8. Post-Accident Response 8.b. Accident Alarming 3.58
8.c. Accident Managing 4.15
9.a. Facility Risk 2.25
9. Facility Status 9.b. Facility Location 0.30
9.c. Facility Malfunctioning 3.46
10.a. Facility Safety Device 1.49
10. Working Aid Device 10.b. Noise Prevention Device 0.21
10.c. Vibration Offsetting Device 0.56
Space : -
11.a. Falling Protection 1.99
11. Safety Guard
11.b. Floor and Worktable 0.73
12. Electric Wiring 12.a. Electric Wiring Management 0.83
13.a. Vehicle Managment 0.38
13. Others 13.b. Abnormal Object 3.87
13.c. Outsider Management 0.13
. 14.a. Noise Level 1.90
14. Noise - -
14.b. Noise Exposure Time 0.63
o 15.a. Vibration Level 3.01
15. Vibration —— -
15.b. Vibration Exposure Time 1.13
L 16.a. Temperature & Thermal 225
16. Temperature & Luminosity ——
16.b. Luminosity 3.04
. 17. Energy 17.a. Radiation 1.96
Environment
18.a. Dust 2.57
18. Atmospheric Environment 18.b. Asbestos 2.84
18.c. Ventilation 1.38
19.a. Noxious Gas 0.42
19. Responsive Substances 19.b. Flammable Substances 2.82
19.c. Corrosion and Oxidation 0.69
20. Infective Substances 10.a. Infection 0.78
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<Figure 2> Graphical Visualization for the Relative Weight of Safety Indicators
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<Table 8> Major Features of Intelligent CCTV and Their
Relative Weights

Major Feature Sub-Features RW(%)
Object Detection 7.14
. Space Detection 2.92
Detection -

People Counting 0.01
Environment Detection 5.43
Object Location 1.81
. Event Tracing 3.09

Tracing — -
Facility Status Tracing 3.46
Motion Tracking 1.23
Object Classification 2.08
) . Personal Identification 3.38

Object Recognition -
Personal Tracking 3.71
Object Identification 257
Worker Status Analysis 9.35
) . Event Status Analysis 9.33
Motion Analysis - -
Motion Analysis 427
Automated Decision 6.52
Analyzation Speed 2.35
. Performance/Accuracy 4.18
Data Analysis

Data Transfer Speed 3.74
Data Back-up 2.06
Real Time Monitoring 9.06
Monitoring Event Pop-up & Alarm 7.59
Resolution 4.72
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