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A Study on Workers' Risk-Aware Smart Bands System in Explosive
Areas

Byong-Kwon Lee’

Professor, Convergence Education Center of Dongguk University
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Abstract Research is underway on services and systems that provide real-time alerts for suffocating
gases and potentially explosive materials, but currently smart bend type services are lacking. This study
supports real-time identification of explosion hazards due to static electricity in the workplace and
immediate elimination of accident occurrence factors, real-time monitoring of worker status and
workplace hazards (oxygen, hazardous chemical concentration), and immediate warning and data in
case of danger. We propose a method of establishing an accident prevention system through analysis.
In this way, various accidents that may occur in industrial sites are monitored using IoT-based
intelligent sensor nodes, wireless network technology, data processing middleware, and integrated
control system, and real-time risk information at the industrial sites is prevented and accidents are
prevented. By supporting a safe working environment, the company can significantly reduce costs

compared to post-procurement costs.

Key Words : Choking Gas, Explosive Hazard Area, Smart Bend Monitoring, Iot System Monitoring
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<Table 1> Chemical raw material factory explosion

w -

Cause of disaster
In the case of incineration of
explosive materials, hazardous
materials such as primers
should be separated and
removed, but incineration is
carried out with the inclusion of
primers due to insufficient
classification and identification
of incineration wastes.

Prevention measures

In the case of incineration
of explosive materials,
thoroughly investigate
whether it contains
explosive sources such as
primers, separate them, and
incinerate them.

7% SHAA (F)O0 H2HA Azg7gol H2t
A dwE  837|(Dissolver)oll FJsto] Ediid
(Blending) 3td & ¥0n4ke] Askelol g Zito]
HAgsto] 49 AR, 9 HEARTHKTable 2)

(Table 2> Glue factory explosion

Cause of disaster Prevention measures

The explosion caused by an
unknown source of ignition, or even
the use of high-risk substances
such as benzoyl peroxide (organic
peroxide), which is a reaction
initiator, is expected to cause rapid
reaction congestion due to the
addition of functional fillers and
pigments.

In case of using
flammable liquids, make
a hazard classification
diagram, use
explosion—proof
electrical machinery and
equipment, and carry
out grounding.

=99 A =9 T EFF T
20154¢ 8¢¥ 129(p) 23:30874 5= AT =734k
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sto] Atazh Sl Qi) HefidsS A% 5 1397
APY, ASA 347, FA3AF 5277, 17,0009 il st
3, A9l BA(3A) ¢ FARIEE(800ton), AARE
E(500ton), AIRJFSHEE(700ton), ©3FE<E(500ton)
oz dHH

(Table 3) Tianjin Port warehouse detonation in

[ A 23 ] . [Mmad 252 )

Cause of disaster Prevention measures

Observe work safety rules and
thorough training to prevent foreign
substances such as explosive and
flammable solids from being handled
when handling hazardous materials.
Thoroughly ventilate the places where
flammable dust and flammable solids
are used, and use grounding and
explosion—proof electrical machinery
and equipment.

It is presumed that a
sudden redox reaction
started and a fire or
explosion occurred, or a
fine dust in the mixing
chamber formed an
explosion atmosphere
and a dust explosion
occurred due to an
electrostatic spark.
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[Fig. 1] Static measuring principle

(Table 4) A7 £47]
Measure Spac.
] [SIMCQ]
Color LCD Bar Graph Display
Digital zero function
ERROR indication function in case of sensor failure

[Handy Type SK-H050]
-180 degree rotating head for free measurement
—Adopt large screen liquid crystal

[ARS-S005 Series]

Ultra small surface potential sensor
RS485 communication control
Monitoring program

[ARM-S050]
—All-In-One Type Smart Electrostatic Sensor

[SVM2 Static Meter]
—-Compact, lightweight and compact type
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Sensor electrode

Sensor part
(semiconductor)
A —
A v

Heater electrode

[Fig. 2] Gas sensor operation principle

Sensor electrode

Insulation

Heater electrode

(Table 5) Gas sensor features

Sensor type feature

co
@~
02

Detection Range: 20 - 2,000 ppm CO
Response Time: { 150s
Heater Voltage: 5.0V

Measurement Range: 0 - 25%Vol
Max detecting Concentrate : 30%Vol
Sensitivity : (0.1 = 0.3) mA (in Air)

LPG Detection Range: 200 - 10,000 ppm
Q iso-butane propane
Fast Response Time: {10s
NH3
= Measurement Range: 0 - 500 ppm

AN, 500 Response Time: { 90s
Resolution : 3 ppm

SO2 Measurement Range: 0 - 20 ppm
Response Time: { 30s
Sensitivity : (0.55 £ 0.15) uA/ppm
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[Fig. 3] Apple positioning technology
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[Fig. 4] Smart Awareness Monitoring Platform
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(Table 6) Smart Bend Data Delivery Platform

division Description of key features proposed
Horizontal Control Portal Platform (Data Platform
+ Analysis Platform + Visualization Platform)
Visual ~Support multi-dimensional analysis (prediction)
M function that can analyze from various
izatio - . .
three—dimensional perspective
n " ) )
Platfo Supports more systematic and diverse risk
Serv awareness monitoring using operator biometric
m v
er data and acceleration sensor data
Platf —Location of worker location and real-time
orm display of worker risks / harm conditions
—-Raw data collection and DB construction of
Data workplace environment using mobile sensor
—Time series analysis and multi-dimensional data
platfo .
= model DB generation
—Creation of DB for monitoring dangerous area
and location information of workers

—Real-time sensor data collection and sensor
data transmission and reception from sensor
node

—Convert and display from sensor node according
Gate to sensor unit
way —Alarm and Display when the set value is

platform exceeded by setting the warning range for each
sensor

—Collection and transmission of wearer's
biometric information through Bio sensor /
acceleration sensor of wearable smart band
0 Compact, low power smart sensor device

platform

—Electrostatic Sensor, Oxygen Sensor, Carbon
Monoxide Sensor, Sulfur Dioxide Sensor,
Ammonia Sensor

—-GPS mounting for outdoor positioning: check
worker location on server

—Server notification and danger alert to worker
when detecting its own risk

—Heart state / acceleration sensor based
worker status information

—-Development of charging system

0 Wireless data transmission and reception

protocol with wearable smart band
BLE-based low power

RSSI signal measurement for outdoor

positioning

0 Proposed development of cognitive standards

by risk factors

—Analysis of danger and danger environment
of electrostatic explosion

—Define unit of cognitive risk

—Present risk criteria for each risk factor
(static electricity, oxygen concentration,
chemical concentration, etc.)

Industrial
Smart Band
Platform

3
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[Fig. 5] MOSFET-based Static Sensing Sensor
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[Fig. 71 Smart Band Hardware Block Diagram
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(Table 7) collection monitoring system elements

Platform Elements
Risk . _ _
- Real-time monitoring and dangerous area display
Control
dashboard
Portal
0 Chart, Grid, Report, GIS Map / Indoor Positioning
Components
Visualizatio | O Standardization of risks (risk situation / risk
n Platform indicators / thresholds / workplace management)

0 Platform Features for Mounting the Monitoring
Portal

- Heart rate sensor, acceleration sensor, dangerous
gas, electrostatic data collection function

- ETL function for basic processing data (ODS)
Data generation

platform - ETL function for time series analysis,
multidimensional analysis and pattern analysis

- ETL function for risk situation prediction and
forecast information extraction
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[Fig. 8] Information Collection Monitoring System
Service Hierarchy
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[Fig. 9] Situation Monitoring Analysis Tool Configuration
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[Fig. 11] Beacon Scanner Type
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[Fig. 12] Beacon Data Collection Configuration
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