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Abstract In this paper, we propose the construction of an IOT that monitors foresters' physical
abnormalities in real time, performs emergency measures, and provides alarms for natural disasters
or heatstroke such as a nearby forest fire or landslide. Nodes provided to foresters include 6-axis
sensors, temperature sensors, GPS, and LoRa, and transmit the measured data to the network server
through the gateway using LoRa communication. The network server uses 6-axis sensor data to
determine whether or not a forester has any signs of abnormal body, and performs emergency
measures by tracking GPS location. After analyzing the temperature data, it provides an alarm when
there is a possibility of heat stroke or when a forest fire or landslide occurs in the vicinity. In this
paper, it was confirmed that the real-time detection of physical abnormalities of foresters and the
establishment of disaster early warning IOT is possible by analyzing the data obtained by
constructing a node and a gateway and constructing a network server.

Key Words : Forestry Worker, Real-Time Anomalies Detection, Early Disaster Alerting, LoRa, IoT

“Corresponding Author : In-Kyu Park(eleriron@hanmail.net)
Received April 9, 2021 Revised May 4, 2021
Accepted May 20, 2021 Published May 28, 2021



2 gsEE=2%| H11H K55

£0] FEEE F2ol P4 SAlstL .

uh 41453t 47k W a s Sk
EA5 ) 2Al] 2Jt, 20194 Y Qe 2247
o1, A QT 175 WO 5 Q170 oF7.5%0]

H
<t
S~

WA AR o5t 20209 8 70 AF
7|E o AR A=0] A& YU B2 Table 19]
UER HEe} Zho] 6rt53 Tgofl o] T2l

Table 1. National Forestry Workers Status

Area Total
Nationwide 65,918
Gyeonggi—-do 2,308
Gangwon-do 8,691
Chungbuk-do 2,773
Chungnam-do 6,605
Jeonbuk-do 7,816
Jeonnam-do 14,897
Gyeongbuk-do 11,163
Gyeongnam-do 11,586

Jeju Island 179

AEleE o] SAO] st 20189 A ok 4t
QAR Fig. 10 HERd et Zo] A2, 44,
5419, T e o® B2 1,0410ltH3l.

< Industrial Accidents by Industry atthe end of December 2018 >
40000
35000
30000

25000
20000
15000
10000
5000
, = i _ -

Mining Manufact. Electric Construct. Comm. Forestry Other  Others
Industry Industry Gas Industry Business Business
Industry

Fig. 1. Occurrence of Industrial Accidents
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Status of causalities due to Forest Fires
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Fig. 2. Status of causalities due to Forest Fires
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Table 2. Comparison between communication Protocol

Characteristics | Bluetooth Zigbee Wi-Fi LoRa
Max Depends on
b ~ 255 64,000 ~ | Number of IP | 5,000 ~
end-devices address
Peak Curtent | 3oma | 30mA 100mA 17mA
onsumption
10 ~
Range ~ 10m 100m ~ 100m 15Km ~
Data-rate 1Mbps 250Kbps EL’RAA%%SS %gl?t?p;
Star, Star,
Topology Star Mesh Point-to—point Star
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Fig. 3. LoRa Based loT System Block diagram
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Fig. 4. Block diagram of Node
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Table 3. Node Hardware Spec.

List Main Function Appearance
Name : ESP32 LoRa
MCU MCU : ESP32

Module Flash : 4MB
LoRa : SPI

Name : GPS NEO-6M

Mif;ile Power : 3V ~ BV
Baudrate : 9600
Name : MPU-6050
6-axis & | Interface : 12C
Temp. Accelerometer : +2G~+16G

Sensor Gyroscope : +250~+2000d/s
Temperature : +1C

Buzzer 1EA
LED 1EA

Switch 1EA
Battery 1EA

Etc
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Fig. 8. LoRa's Data Packet Structure
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‘Node’s Transmission Data Packet Structure (23Bytes) ‘

GPS Location Accelerometer Gyroscope Temp. | Emer.

Lati. | Long. | X-axis | Y-axis | Z-axis | X-axis | Y-axis | Z-axis Value | Reg.
4Bytes | 4Bytes | 2Bytes | 2Bytes | 2Bytes | 2Bytes | 2Bytes | 2Bytes | 2Bytes | 1Byte

Gateway's Transmission Data Packet Structure (1Byte) ‘

Disaster Alarm Buzzer On/Off LED On/Off

3bit 1bit 4bit

Fig. 9. Node and Gateway Data Packet Structure
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Fig. 11. LoRa Receiving Data
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LoRa Netework Server
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Fig. 12. Network Server Program
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Table 4. Test analysis data and set threshold
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Fig. 18. Temperature Data Graph
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Fig. 19. GPS Latitude Data Graph (Moving vs. Stop)
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Fig. 20. GPS Longitude Data Graph (Moving vs. Stop)
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Sensing | Status | List Max. Min. Diff. Alarm
AX -1.62 -7.16 5.54 Normal
Moving | AY -4.18 -10.62 6.44 Normal
AZ 6.42 2.8 3.62 -
Accel
AX -1.22 -1.67 0.45 Alarm
Stop AY -0.04 -0.44 0.4 Alarm
AZ 11.95 10.29 1.66 -
GX 0.76 0.16 0.6 Normal
Moving | GY 0.96 0.07 0.89 Normal
Gz 0.29 0.26 0.03 -
Gyro
GX 0.52 0.49 0.03 Alarm
Stop GY 0.35 0.33 0.02 Alarm
Gz 0.32 0.33 -0.01 -
Lati. | 36.31467 | 36.31447 | 0.0002 -
Moving
S Longi. | 127.46392 | 127.4629 | 0.00101 -
Lati. | 36.31451 | 36.31448 | 3E-05 -
Stop
Longi. | 127.46299 | 127.463 | 2E-05 -
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