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B Abstract m

To protect workers from industrial accidents, loT hazard detection system using LoRa network was designed and
fabricated. LoRa networks can operate with low power consumption, wide coverage, and low usage fees. The hazard
detection system consists of a sensor unit, a transceiver module, a LoRa base station, ThingPlug, and a monitoring
device. We have designed an optimal risk-determining algorithm that can send information quickly in a working
environment. As measured by TTA, the implemented system has been found to be able to deliver the worker's location,
ambient temperature, and carbon monoxide density to the administrator through the user interface. The implemented
system showed a bit rate of 290bps and a maximum application range of 6 km.
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Chirp pulse

{Figure 1> LoRa Modulator
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Table 1> Standard of LoRa in Korea

Type Specification
Frequency range 920~925MHz
Channel bandwidth 500/250/125kHz
Modulation Chirp spread spectrum
Bit rate 0.3~5kbps
Coverage 2~15km
Transmit power < 25dBm
Max payload length 256byte
Receiving sensitivity -136~-123dBm
Spreading factor 7~12
Code rate 1~4

3. LoRa AFJANN AR A =8 A A

AAB LA 3= A A A A 8L ) o]
EEAALA AT LoRa WEHAE o435}
of iAo Ak A 25 B dAks
B 252 pe oA Aseth oju] =49 b
ol E AAN7to 7 AEEy] s AEErr)

L
256bps ©]Fo] Fojok ditl E =FdAME F
EXNA7E 5kmel Al ~8S AAS LA g}
1 AlA" FME
LoRa A17]9 ARAA S A A =5l o] =5
<Figure 2>°] JeEbHSITH

AAAHEAA L HolH FAlnet T



144 AAE -

LoRa network
Transceiver part Loe loRa 7IXIZ  LoRa LIEQIZ Afti
= = | e
LoRa module TJ
i
Sensor Data processor Private
network|

V=3

Application Server ThingPlug

Internet
Monitor

Monitoring part

{Figure 2> Configuration of the Proposed Industrial
Hazard Detection System
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<{Figure 3 Block Diagram of the Transceiver Part of
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(Table 2) The Relationship between Bit Rate and
Receive Sensitivity with Different Sprea-

ding Factor
Spreading factor | Bit rate | Receiving sensitivity
7 5470bps -123dBm
8 3125bps -126dBm
9 1760bps -129dBm
10 980bps -122dBm
11 440bps -133dBm
12 290bps -136dBm
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(Table 3> Designed Results of the Industrial Hazard
Detection System

Type Specification
Frequency range 920~923MHz
Channel bandwidth 125kHz
Modulation Chirp spread spectrum
Bit rate 290bps
Coverage 5km
Transmit power 10dBm
Payload length 3Zbyte
Receiving sensitivity -131dBm
Spreading factor 12
Code rate 1
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(Table 4) Specifications of the LoRa module

Type Specification
Frequency range 920~923 MHz
Transmit power Max. 14 dBm

.. - -136dBm
Receiving sensitivity (SF = 12, BW = 125kHz)
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<{Figure 9 Configuration for Data Processing Test
of the Transceiver Part
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<Figure 10> Transmitting Data of the LoRa Module
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{Figure 11> Monitoring of the Output Data of the
ThingPlug
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{Figure 12> Received Log Data of the Monitoring Part
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(Table 5> Calculated Receiving Power at LoRa base

Station
Urban Suburban Open
Path Loss
(dB) 141.56 131.55 112.95
Receiving
Power -131.56 -121.55 -102.95
(dBm)
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(a) Alarm off state(before heating) (b) Alarm on state(after heating)

{Figure 16) Test Setup to Verify Alarm Operation

(Table 6y Performance Test Results of the Proposed Industrial Hazard Detection System by TTA

Test Item Test Result Test Condition
Integrated sensing accuracy Average sensing accuracy : 99.994% Number of sensing yalues comparison -
100 times
Sensor data analvsis accurac Risk signal alarm normal Number of risk signal alarm normal
Y y operation rate : 100% operation - 20 times

L Server transmission sensing value Number of sensing value comparison :
Communications transfer accuracy

Accuracy : 100% 100 times
. Measurement environment :
Effective interval packet transfer Packet transfer success rate : 100% Urban, Suburban, Open Area

success rate

5 km distance separation

5.4 = 54 dlo|HE Aelste] 2A5iAte] deE hetstr]
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