Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2024.25.7.13
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 25, No. 7 pp. 13-22, 2024

AA9 IoT7]& 7|4t

A= 1 =2
a3, x5’ HHQ
TSASE QHSHIISY ANEMIOIZS, HSIAY RN

Development of a Safety Monitoring System based on IoT
Technology for Confined Space Workplaces in Petrochemical Plants

Han-Sik Song', Joon-Ho Kim®, Jin-Woo _]unl
"Department of Smart Industrial Safety Engineering, Graduate School of Soongsil University
“Division of Solution, Hanwha Sytems

2 % 2 =22 4R FHENA HTZ AAAY] [oT 7le 7IW FARUZA L] A o 73] B9t
Qolch WAEE7t 2 T F4] Ao A2 1097 ZaeHA] g1 2&F o2 wAsty 9lon, & 19649 AL
o] W& A& 47.4%= et —OI ARkt EHEE W7, WEH, ALY, svtedo] xd HaA
AL 5 OHT Ad Al g2 9 84 "2‘5}1 Lo axpAolal kARl b A} A 259 E]jo] 8.7
Holxdet. w2bA, At AAF2 ToT *ﬂ/ﬂ A B3 B4 HEHS, o]FF CCTV ¥ Al 9324 71& 52
g8sto] LolE 3 9] 2 238 HYHTPSHAL 245aA} dtrt. B AARR duEgt

29 A 98 7k A,
gee & Y= A9
3 [oT 71ete] PARUEGALHE 4a5et SAE AFS hos & Avte Ol 714 B
ofF Aoz st

A3t 9 G 5 ol Y WA A 24 IS WYL, PRV B FEATF 4143
oh 2 giolA] A
24 A el 7]

Abstract This paper presents the design and implementation of an IoT-based safety monitoring system
for confined spaces in petrochemical plants. Confined space-related asphyxiation has persisted over the
past decade, with a total of 196 incidents resulting in a fatality rate of 47.4%. Petrochemical plants in
particular contain numerous hazards in confined spaces, including reactors, reaction towers, storage
tanks, and chemical-laden wastewater treatment facilities, necessitating the introduction of an effective
and reliable safety management system. The proposed system employs IoT sensors, a hybrid
wired/wireless communications network, mobile CCTV, and Al video analysis technology to monitor and
analyze working conditions within confined spaces. The system promptly issues alerts during abnormal
situations such as the detection of hazardous gases or risky worker behavior, thereby helping safety
managers and supervisors respond swiftly. The IoT-based safety monitoring system developed in this
study is expected to contribute a smart safety technology model to use in petrochemical plant sites for

disaster prevention.
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Table 1. Incedence of different types of asphyxiation
accidents over the past decade (2012-2021)

The types of confined space work Number of
No. . . .
according to risk level accident
Wastewater treatment facilities, livestock
1 | manure treatment facilities, settling tanks, 52
etc.
Equipment for handling inert gases, tanks
2 s . 27
and reactors containing chemicals
3 concrete curing work using lignite 19
4 Argon gas tank, pipe welding work 14
Works inside various pipes, manholes,
5 . 17
collection, and tanks
6 Water pump operation in insufficient 16
ventilation space
Coal-storing dock, hopper, etc 6
Carbon dioxide fire suppression system, etc 24
TOTAL 196
2. M3 17 T
2.1 LHSE S>0) 2ot ¢
wWalgz 2 A wse ojgol Tak AT 24
Jhs, Ak 5 5o diet A 200 Bt A7t U2l
o $@EQ023)E WE 2 A DA A S 99
W o AT §9 B4, SAF AlaE 2 Al B4
% o WE AYAAR Fe/do] W3 AFE Sl
A(2022) HA] sl A} ARl 2442 S
é& Aps) g2 Siat A el el AAsIATH3)
74(2018)2 UH57H HOV‘EI-L} Atal Ay 49l
o o1 A}gohzm NS a7 WA AT
ot % VoS FstH4l. 284(2018)= =
9 13 ofl& Ag s)4] T2 IH FLACSS &-&3lo]
Wi o QA TR SUBRe A AIZE 2 50
AlEgol A siAS 3sHATHS]. A9 2(2017)= 2

A 184 B2 v aAIg G Tk 2 Ak SRS o)
AN 28 AT F9lo R RAREHG. ©142H2016)

=2



A9 IoT71& 714t ARRYEZAAE g

F A4

o Aol Bt 2k7 B4S 53 71UE
YArSIERA 26%, BSlEA 22%, A4 AHo] 9
A 7} 21% 02 IS SRISHICHTL. d
HI7t FAA Al Aok Adle dAAL thiRe R
Rl 7Rao] ot B, AAYE Alalolw, THlE7t 2
4 A E2 ZY oA FEA] fof 7R 9 Ak 5
EZ7go] "asgt Ao yepyrt o]d waf, KOSHA
GUIDEQ017)& 35} ZHE /|- B4 AP A, GIEA|
Abx E G9) 7hA9] HEEFE SHFE & Ayl o
o 223} JEjt &4 Aatol gk sfjAo] st A4
A& Aol AAISHES shar QltH8].

fo

AS

b Al

Ol

2.2 loT 7l&8 Olg A
S REEY Az E AM FFoA+= ol
7IAER7)E o8l A A 4k E &
FEE 45t 7185t oy, Fole IoT
& 285 YWHh BHAIAY A7 JPEI QL
AF g A Ao, AR A 5
O & ARERIEYU(oT) 71¥He] UHTF HYEE AlA
= ZYsk= FAlolth
SHAMN(2021)= Lab chamber A8S £33 7}A 7+
A A olQo] 25k AAE F7tetal, gxH|gTtol,
A 1M B4 ZE5 Fol 7tA FE 94 AF AL
of et AFE AFSHATHOL

AH3](2021)= =3t 4w U e E 9
of e AAQF B2 A0, ZAA; bR BT B
2T 7EA d AR 93] mof SPAAH
A5 StRlaL(10], FRS(2019)2 241
FollA A By Al vk 3o R HsiE
3] LoRa YEQIFS &&slo] & BF
AATE A A7 7 Asd SR AlAE
TF5o T AFE SHSHACHLLL

A39(2019= A4 % W AE F93
A 91 g1, dHFEE, A 5 S
T %9 B T AlA” 5o Hitt A

=
o

r

A

r]
3

> > ot
|
NN

o

. 53,

o o

HIAl S
o=

22 o] A

o Rz ek

_Orh‘
b

o
5

15

AR vEskela QIoH14]. 284, R8s SHE
9 9 WUHFI AP A9l BRSH, B, A¥E
AR 5 7HA, AT 7l 7t 7S 4 Qe
7 945 1135 =Y (Explosion Proof Type) F
A ToT AA 71& A3t Al 94 &4 71eE IAT

4% AT AdE BEG Ao Uehgr,

o]
AT

3. AlAH” Q7ArE R A

3.1 AAE! THR

2 A79 i TARA AREEE EHE AR
CA(Caustic Soda), PO(Polyolefin), PVC(Polyvinyl
Chloride Resin), 4% 44 59 73t AL 2 4
Abstal glom, AE AL} A AEY A% E AR
TollA 5l 7k Sol v, AR 9 wg-AdH Y

HHo] faf 8oz ARe 4= = E40] Atk
8=
]
LB e
=
—= ﬁ

Security

Network Al Video

® LoRa Gateway P-LTE Gateway 4
Portable Gas Detector \ Mobile CCTV
LoRa
. @
DO, @H.S _ B B3
@CO, @CO BCH, LqRa

Fig. 1. The structure of Work monitoring system
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Table 2. The Specification of Gas Detector

Specification
02 HS CO CO2 CHy
0~30%vol{0~100ppm|0~200ppm| 0~3%vol |0~3%LEL
Digital LCD Display/Back light, LED Indicator
Ex db IIB T4 Gb

Lithium Polymer Battery, 3,000mA,
3.7 VDC, Min 48Hr Operating Time

DC 5V / 1A
36 ~ 683 Byte/Sec
LoRa 917.3 ~ 923.3Mhz/10Km

[tem

Gas

Range

Display

Certification

Battery Type

Power Supply

Trans. Speed

Communication
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Table 3. The Specification of Mobil CCTV

Specification

200M Pixel CMOS

Item

Image Sensor

Zoom X12 Optical Zoom
Network 1:N Video Streaming via LTE Router
GPS Support
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Table 4. The Specification of Server

Specification

Intel Xeon 2.GHz, 8GB RAM, 100GB HDD,
Windows 10 Pro-64bit

Intel Core i7 10700F, 8GB RAM, 250GB SSD,
2TB HDD, GTX 1050TI D4 4GB, Windows 10
Pro-64bit

Intel Xeon Gold 6228R, 128GB RAM, 250GB
SSD, 4TB HDD, Nvidia RTX3080, Windows
10 Pro-64bit

Intel Xeon-S 2.1Ghz * 8Core, 64GB RAM,
600GB * 2 HDD, Power Redundant, Windows
10 Pro-64bit

Item

Gas Detection
Server

Video Streaming
Server

Scenario-based Al
Image Analysis
Server

Confined Space
Monitoring
Servers
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Visualization

Fig. 3. Design of Monitoring System for confined
space work
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Table 5. Measurement Result of the Gas Detectors

Gas Calibration Range| Before | After Result
H.S 0~100ppm 0 0 Good
(0)} 0~30%vol 20.9 20.9 Good
CcO 0~500ppm 0 0 Good
LEL 0~100%LEL 0 0 Good
CO2 0~30,000ppm 0 0 Good

*Temp: 19.0 £ 1 T / Humidity: 25 + 1%
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Table 7. Communication Performance Results for

LoRa
Location Value (dBm) GPS data
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. 10. Overview of Monitoring System
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Table 8. Set Point of Monitoring Range

Gas Normal Range

0, greater than or equal to 18%,
less than 23.5%

H.S less than 10 ppm

CcO less than 1.5 %

CHy less than 10 %

CO; less than 30 ppm
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