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ABSTRACT

The undergrounding of diverse ground facilities has led to a decrease in issues, such as foul smell of water supply
systems and wastewater, a fall of telephone poles, electromagnetic waves and breaking of wires caused by a railway
work. On the other hand, there are new issues, including a fall accident, explosion affected by flammable gas, a choking
accident by harmful gas and a lack of oxygen concentration, a fire coming from high-tension wire heating and flooding
in the manhole. Besides, these issues damage the civil society and are an anxiety to public safety. Therefore, this paper
is focused on a smart manhole device for stable communication environments inside and outside the manhole and wireless
communication with various devices for managing facilities in the manhole, and aims to make a contribution to public
safety by suggesting a direction of future underground facility management.
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Fig. 1 BLE GATT Structure

2.1, Frequency Hopping
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Fig. 2 BLE Frequency Hopping

2.2, BLE Peripheral
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Raw advertising data (28 bytes)
020106030309181409546865726d6f6d65746572204578616d706c65

Same data split into AD elements:

020106 -> type = 0x01 = flags, value = 0x06 = b’00000110

-> type = 0x03 = list of 16-bit services, value =
0x1809 (Health Thermometer)
1409546865726d6f6d65746572204578616d706c65,

‘ \

03030918

\ I
N\
Type = 0x09 = complete local name

Length
Value: ” Thermometer Example”

AD Type

Fig. 3 BLE Advertising Format
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Fig. 4 BLE Central Scan Mode

. LoRaWAN
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3.1, LoRa Classes
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Table. 1 Smart Manhole Device Battery Consumption

) Pulse | Duration | Interval | Freqeuncy | Consumption
Function
mA Sec Sec Time/Yr. mAb/Yr.
Sleep | 0.05 3586 | 3600 8760 436.30
Main | g, 10 | 3600 | 8760 2190.00
Run
BLE 30 2 3600 8760 146.00
Run
TX 170 2.5 3600 8760 1034.17
RX 98 1.3 3600 8760 310.01
Total Consumption / Year 4116.47
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Table. 2 Battery Consumption with Sleep Period

) Consumption /mAh
Function
1Hour 2Hour 3Hour 4Hour
Sleep 436.30 218.15 145.43 109.07
Run 2190.00 1095.00 730.00 547.50
BLE Run 146.00 73.00 48.67 36.50
TX 1034.17 517.08 344.72 258.54
RX 310.01 155.00 103.34 77.50
Total * | 411647 | 205824 | 137216 | 102012
Consumption
53, A
AFE T WE W 252 2/ 5 Y 8
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