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Implementation of a Buoy System Based on Multi-Hop Relay
Networks for Ocean Observation
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[Abstraci]

In this paper, we propose a buoy system based on multi-hop relay networks for ocean observation. The proposed system
consists of various sensor modules, a gateway, wireless communication modules, and a remote monitoring site. The sensor
modules are integrated with various communication interfaces and connected to the gateway of the proposed buoy system with an
unified protocol based on controller area network (CAN)-bus. In order to communicate with the remote monitoring site and extend
the coverage, the proposed system uses long-term evolution (LTE) router and XBee mesh network modules. The field test results
show that the proposed system can extend the coverage using the proposed multi-hop relay network.
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Fig. 1. Block diagram of the proposed buoy system. (a) Main
buoy (b) Relay buoy.
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Fig. 2. Example of the mesh network for the proposed buoy
system.
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Fig. 3. Implementation of the proposed buoy system.
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Fig. 4. Connector configuration of the proposed buoy
system.
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Table 1. Specifications of LTE router.

ltem Specifications
Flash memory 8 MB
RAM 64 MB
LAN interface 100 Base-T RJ—45
WLAN IEEE 802.11 b/g/n

Power consumption Standby 300 mA/9V, Busy 600 mA/9V
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E 2. XBee ZE2| ~AH
Table 2. Specifications of XBee module.

ltem Specifications
RF Data rate 250 Kbps
Indoor/Urban Range 300 ft (90 m)
Outdoor/
RF Line—of-sight 1 mile (1.6 km)
Range

Transmit Power 63 mW(+18 dBm)

Receiver Sensitivity

(1 % Per) 100 dBm
Conductivity: ~-2.702565E-03
Con. result -0.002702565
Temperature:  2.170199€+01
Temps result 21.701986312
Conductance:  -5.850792E-04
Con2 result -0.000585079240

al
=

g 5. 2ol AHo|=Q ool T & H2|= clolefe] of
Fig. 5. Example of parsed and processed data.
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@ COM3 (Arduino Uno)

CAN BUS Shield init ok!
Connecting to DB Server
Connected to server version 5.1.41-community
Connect ion Success
INSERT INTO test_arduino.ct_sensor VALUES (-0.0149643300000,23.085533000000,-0.00323963240000, NULL)
INSERT INTO test_arduino.weather_sensor VALUES (0.2500,-2.837900, NULL)
INSERT INTO test_arduino.ct_sensor VALUES (-0.0152985690000,23. 119860000000,-0.00331199190000, NULL)
INSERT INTO test_arduino.weather_sensor VALUES (0.1500,3.103100, NULL)
T8 6. 70| H0|EQo|2FE HAHX| ZLHY AOIER T&E
tloletel of
Fig. 6. Example of transmitted data from the gateway to
the remote monitoring site.
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A A SA dHolelE Y DB Ho]E< ‘ct sensor’ 2}
‘weather _sensor’°l] 7|53t}

3) 9447 DB AH|¢] ZUEH
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conductivity temperature conductance ct_date
vl # X -0014964330000 23085539000000 -000323963240000 2016-05-10 15:02:28
il # X 0015208569000 23.119360000000 -000331199190000 2016-05-10 15:02:32
O & ¥ 0014576669000 23116580000000 -000315570830000 2016-05-10 15:02:36
0 4 X -0015481979000 2311590000000 -0D.00335168840000 2016-05-10 15:02:40
| # X 0014572819000 23.121400000000 -0.00315487410000 2016-05-10 15:02:44
[0 # X -0014935141000 2312490000000 -0.00323331430000 2016-05-10 15:02:48
wind_speed  wind_dir date
M ¥ 2 o2s00 -2.837900 2016-05-10 15:02:29
M & 0.1500 3.103100 2016-05-10 15:02:32
L1 XK 01500 3102100 2016-05-10 15:02:37
[ & X 01500 3103100 2016-05-10 15:02:41
| & =< 0.2000 3103100 2016-05-10 15:02:45
O # 0.1500 2.326400 2016-05-10 15:02:49

38 7. DB A{t{o] =4l clo|&Hof o
Fig. 7. Example of received data at DB server.
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Fig. 8. Laboratory test environment of indoor reception.
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E 3. A 2R4ollA RSSI
Table 3. RSSI under indoor reception environment.

RSSI [dBm]
Distance [m]
Buoy A Buoy B
8 -32 -37
16 —42 —43
24 -56 -54
32 -55 -52
40 -54 -57
48 -58 -59
56 —63 -54

3 A7 YERN O] Al 2o 2 Hlo]E S ERlst 4= 9tk
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Fig. 9. Laboratory test environment of outdoor reception.

=3

E 4. A2l 2HHof|lM RsSSI
Table 4. RSSI under outdoor reception environment.

&

RSS! [dBm]
S|
Buoy 1 Buoy 2
A (412 m) =75 =72
B (707 m) -81 =77
C (1423 m) -95 -94

B 5. MoEFdolM HAE HMEHE

gl

Table 5. Weather environment for outdoor test.

Cloud | Temperature Relative Rainfall

Cover (c) Humidity (%) (mm)
Weather A 2.4 15.2 51.9 0.00
Weather B 10.0 15.1 92.8 22.3

% Cloud Cover : clear skies(0~2), lightly clouded(3~5),
cloudy(6~8), overcast(9~10)
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