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Abstract

This paper applies the narrow band Internet of things communication technology to develop a wireless network
equipment and communication system, which can quickly set up a network with a radius of 100 km on water
surface. A disposable micro buoy based on narrow-band Internet of things and Beidou positioning function is also
developed and used to  collect  surface hydrodynamic data  online.  In  addition,  a  web-based public  service
platform is designed for the analysis and visualization of the data collected by buoys. Combined with the satellite
remote sensing data, the study carries a series of marine experiments and studies such as sediment deposition
tracking and garbage floating tracking.

Key words: narrow band Internet of things, abandoned buoy, hydrodynamics, ocean monitoring, satellite remote
sensing image

Citation: Xu Yiqun, Wang Jia, Guan Li. 2021. Application research of narrow band Internet of things buoy and surface hydrodynamics
monitoring. Acta Oceanologica Sinica, 40(8): 176–181, doi: 10.1007/s13131-021-1884-1

1  Introduction
Network communication is the foundation of ocean research.

Due to the vast ocean area and complex environment, the off-
shore area (usually 12 nautical miles away) mainly relies on high-
throughput satellite communication and Beidou short message
communication. The coastal area can rely on mobile operator
networks. As a matter of fact, the costs of satellite communica-
tion are high, the antenna is complex and difficult to implement,
and the information circulation of Beidou short messages is
small. Besides that, mobile operators have limited network co-
verage, so communication is still an obstacle in marine research
and utilization (Xia et al., 2017; Gao, 2018; Wang et al., 2019).

Due to the characteristics of surface currents in coastal wa-
ters directly affect coastal erosion, sediment deposition, garbage
floating, oil spill diffusion, aquaculture environment, ship navi-
gation, red tide migration and other production activities, it in-
dicates the important practical application value of hydrodynam-
ic monitoring. There are two main methods for monitoring
small-scale surface flow hydrodynamics in coastal waters: nu-
merical simulation and physical model. However, the numerical
simulation methods have large errors which need to be correc-
ted by the in situ measurement, but the costs of physical models
are high. Therefore it is necessary to establish a dynamic, low-
cost, and refined surface flow monitoring method.

This paper uses the open frequency band 433 MHz to design
a wireless communication base station which is carried by ships,
navigation beacons, buoys, shore-based system, islands and even
UAVs. These base stations can rapidly set up wireless ad hoc net-
works with a radius of 100 km. Meanwhile, a wireless self-orga-
nizing network with a radius of 100 km can be implemented. Fur-
thermore, the paper designs a micro buoy based on narrow-band

Internet of things, which has the functions of wireless narrow-
band communication, Beidou positioning, timing and sensor in-
terface. The paper also conducts monitoring tests on some sea
areas. By placing a large number of micro buoys, the position and
speed of the buoys in real time, are collected continuously, ac-
curately and finely for a long time. Then the surface hydrody-
namic data, such as velocity, flow direction and wave height data
are obtained. This study uses micro-buoy to track the route of se-
diment deposition, and the obtained data are highly consistent
with the satellite remote sensing image, which proves that the
micro-buoy has high application value to the research of sea sur-
face hydrodynamics (Gao, 2018; Moffatt, 2005; Du et al., 2010).

2  Design of disposable micro buoy based on narrowband In-
ternet of things communication on water

2.1  Construction of narrow band Internet of things network
The communication system of marine narrow band Internet

of things is composed of fixed base stations and mobile commu-
nication nodes. A fixed base station can achieve wireless data
communication in waters with a radius of 20 km. Base station is
the communication hub between the cloud server and the com-
munication node. Communication nodes can be mobile or fixed,
and buoys or moving ships can be used as mobile communica-
tion nodes. In addition, communication node can also act as a
relay to achieve communication relay transmission. Several base
stations and mobile nodes are transmitting signals through com-
munication relays, forming a wireless network with a radius of
100 km. Water surface wireless ad hoc network structure is
shown in Fig. 1.  
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2.2  Design of disposable buoys for self-organized network commu-
nication
The paper designs a micro buoy based on the 433 MHz fre-

quency band and LoRa communication mechanism narrow-

band wireless ad hoc network.
The circuit board and object of the miniature buoy are shown

in Fig. 2. It mainly includes central processing unit, LoRa mod-
ule, Beidou module and RS485 interface module. The RS485 in-
terface can be connected to ocean monitoring sensors to collect
ocean parameters such as temperature, dissolved oxygen, pH
value, and salinity.

The micro buoys can be placed uniformly in the test waters,
drifting with the tide, and periodically (default 1 min) sending in-
formation with latitude, longitude, wave height, speed and oth-
ers to the base station, which can collect surface water dynamic
data accurately, and precisely in real time. With the support of
the differential system, the accuracy of bouy’s location can reach
2.5 cm. The buoys have their own power supply and can last for
one month, which is a very good method for small-scale offshore
hydrodynamic research. And by the way, because of their low
cost, they can not be recycled. (Zhuang, 2006; Wang et al., 2014;
Srinivasan et al., 2019)

3  Experimental study on velocity characteristics of micro
buoy

The velocity characteristics of the buoy need to be obtained
through experiments in a pool, which is 60 m long, 2 m wide and
1 m deep.

The inlet velocity is controlled by adjusting the frequency of
the motor, and a steady flow pipe is placed at the inlet to ensure
uniform flow. The velocity is measured by Doppler current meter
and the actual flow rate of the pool is 0.390 6 m/s based on the
average flow rate data of 3 000 groups.

The buoys are placed from the middle section of the pool. The
experimental process is shown in Fig. 3. The experimental dis-
tance is 16 m. The elapsed time of the buoy is recorded with a
stopwatch. The buoys are divided into 10 groups. Groups 1–4 are
the buoys with the aspect ratio of rudder blades of 0.5, 1, 1.5 and
2 respectively. Group 5–8 are buoys with foam and the ratio of
rudder blades to side of 0.5, 1, 1.5 and 2, respectively. Group 9 is
buoys without rudder blades and group 10 is buoys without rud-
der blades and with foam. Each group is measured three times.
The experimental data are shown in Table 1.

The experimental data show that the error between buoy ve-

locity value and actual velocity value is within the range of
0.13–0.15 m/s, and the error is relatively stable. While the ratio of
the rudder blade is changed and the foam is increased, the meas-
ured velocity of the buoy has little change. It indicates that the
disposable buoy can reflect the flow velocity to some extent and
has practical application value.
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Fig. 1.   Water surface wireless ad hoc network structure.
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Fig. 2.   Miniature’s buoy circuit board and physical view.
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Fig. 3.   Snapshot of the experimental process.
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4  Research on the application of micro buoy surface flow
monitoring

The buoys are released-into the sea. The information of lon-
gitude, latitude, velocity and wave height data of buoy is sent to
the cloud server with a period of 1 min. With the purpose of visual-
ly displaying the trajectory of the buoys and analyzing the dy-
namic characteristics of surface flow, a public service platform is
developed independently based on cloud architecture, which
can be used to the public service platform analysis and data min-
ing to form a visual application. In addition, it can intuitively ex-
press practical applications such as oil spill diffusion, marine
debris drift, sedimentation tracking, sea hydrodynamic balance,
tide stroke measurement, etc.

4.1  Application test of floating garbage tracking in the Jiulong
River Estuary
On July 13, 2019, it was cloudy, and the tide height was 513 cm.

In the Jiulong River Estuary, 20 buoys were released in line, float-
ing with the tide and sending a set of data to a cloud server every
minute. The software platform marks the buoy position and track
in the GIS system as shown in Fig. 4, that a set of trajectory curves
with arrows indicating the direction of flow. The test results show
that all buoys float to the regions around Gulangyu Island and
Baicheng Beach of Xiamen University, proving that most of the
garbage in the waters around Gulangyu Island and Baicheng
Beach of Xiamen University comes from the floating objects of Ji-
ulong River.

4.2  Application of sediment tracking in the Jiulong River Estuary
To a large extent, loating garbage flows reflects the direction

of sediment flow in the Jiulong River Estuary. In order to continu-
ously track the Jiulong River sediment, buoys are placed under
the Haicang Bridge near Gulangyu Island.

A series of buoys were released near Haicang Bridge in Xia-
men on the spring tide on April 19 and the small tide on April 27,
2019. Figure 5a shows the tracking chart of real-time monitoring
buoy during the spring flood tide. And the Fig. 5b shows the tra-
jectory during the neap flood tide. Buoys’ trajectory reveal that
the buoys return at spring tide in the sea area of Gaopu Village in
Xinglin on high tide day, and return at neap tide in the sea area
between Dongdu Port and Baozhu Island on low tide day. While
the buoys turn back at the stand tide, the current slows down and
the sediment deposition. Satellite remote sensing image shows a
“7” high beachhead area from Gaopu Village to Baozhu Island, as
shown in Fig. 6. It is highly consistent with the test results, which
also explains the reason for the large workload of dredging the
waters from Baozhu Island to Dongdu Port.

4.3  Hydrodynamic balance test in the sea area of Xiamen Island
On November 26, 2018, it was light rain, and the tide height

was 615 cm. This experiment placed 30 buoys at the beginning of
flood tide in the sea area of 3 km from the east and west sides of
the Xiamen Bridge from Gaoqi to Jimei. From the position shown
in Fig. 7a, the buoys start to follow the tide and drift towards the
Xiamen Bridge from the both sides. Figure 7b shows the position

Table 1.   Experimental record for determination of velocity coefficient of buoy

Number Aspect ratio λ Float time/s
Velocity measured by buoy

/(m·s−1)
Vbuoy−Vactually

/(m·s−1)
Average error

/(m·s−1)
1 0.5 65.12 0.245 7     0.144 888 0.158 925

70.16 0.228 05   0.162 538

72.32 0.221 239 0.169 349

2 1 64.33 0.248 718 0.141 87   0.135 762

62.24 0.257 069 0.133 519

61.85 0.258 69   0.131 898

3 1.5 64.12 0.249 532 0.141 056 0.137 839

66.03 0.242 314 0.148 274

60.06 0.266 4     0.124 188

4 2 61.18 0.261 523 0.129 065 0.136 976

62.93 0.254 251 0.136 337

65.29 0.245 06   0.145 528

5 0.5 (with foam) 63.05 0.253 767 0.136 821 0.146 644

66.47 0.240 71   0.149 878

67.41 0.237 354 0.153 234

6 1 (with foam) 65.67 0.243 642 0.146 946 0.150 22

64.87 0.246 647 0.143 941

69.32 0.230 814 0.159 774

7 1.5 (with foam) 65.50 0.244 275 0.146 313 0.137 763

61.56 0.259 909 0.130 679

62.92 0.254 291 0.136 297

8 2 (with foam) 67.34 0.237 6     0.152 988 0.151 803

68.40 0.233 918 0.156 67  

65.35 0.244 836 0.145 752

9 without rudder blades 70.03 0.228 474 0.162 114 0.148 012

65.22 0.245 324 0.145 264

63.01 0.253 928 0.136 66  

10 without rudder blades and with foam 70.96 0.225 479 0.165 109 0.150 247

67.28 0.237 812 0.152 776

62.08 0.257 732 0.132 856
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of the float during slack tide. After many tests, the data proves
that the buoys on both sides did not drift over the Xiamen Sea-
wall, that is shown by the red circle near the Xiamen Bridge in
Fig. 7b.

The monitoring data of microbuoys can also be used to verify
the numerical simulation model of hydrodynamics. Figure 8
shows the numerical simulation results of hydrodynamics in the
sea area around Xiamen Bridge using Regional Oceanic Model-
ling System. The two red dots in the figure are the initial posi-
tions of the throwing buoy, with Xiamen Bridge in the middle.
The calculated results are consistent with the monitoring results
of buoy experiments, and the hydrodynamic balance of tidal cur-

rent is found near Xiamen Bridge.
The north end of the Xiamen Bay tide flows in from Tong’an

Bay, and the south end flows from the Jiulong River Estuary
through the Gulangyu waters. Then the two currents will meet
near the Xiamen Bridge. The dynamic balance of the tidal cur-
rent formed by this intersection makes the tidal pressure differ-
ence small or even zero, which is called “dynamic dike”. The ex-
periment prove that the Xiamen seawall is in the hydrodynamic
balance area, which prove that the seawall has little influence on
the tidal circulation of Xiamen Island, and the impact of tidal
power on the seawall is also small. Therefore, it is appropriate to
build a seawall at this location.
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Fig. 4.   Monitoring of sea drift garbage in the Jiulong River Estuary.
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Fig. 5.   Micro-buoy sedimentation tracking display.
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5  Conclusion
Narrow band Internet of things has the advantages of con-

venient networking, portability, low power consumption and
long distance coverage. It is a brand-new real-time dynamic

monitoring method of ocean hydrodynamics. Compared with the
satellite remote sensing image data, the buoy based on narrow-
band Internet of things is more effective for the fine monitoring
of surface flow hydrodynamics in small-scale offshore waters. In
addition, the narrow band Internet of things can also be used in
other marine monitoring applications.
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Fig. 7.   Xiamen Island circulation hydrodynamic balance.
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Fig. 8.   Numerical simulation of regional hydrodynamics of Xia-
men Bridge.
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