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a b s t r a c t
With the development and utilization of marine resources, marine pollution is becoming more and 
more serious, and has become an urgent problem to be solved. In order to obtain the situation of 
marine pollution in time and reduce its loss, this study designs a marine pollution information collec-
tion system based on the broadband Internet of things, and analyzes the components of the system. 
The experimental results show that the pH value of Class A sampling point is about 8 through the 
projection analysis of the clustering results in the characteristic space of environmental monitoring 
parameters; dissolved oxygen (DO) value is about 7. The salinity ranges from 25 to 35. The tempera-
ture is about 22°C. The pH value of Class B sample is about 8. DO value is between 3 and 5. The 
temperature is kept at about 22°C. The salinity ranges from 12 to 25. The pH value of type C sam-
ple is low. Its DO value is 3~5. The salinity is distributed between 6 and 19, and the temperature is 
maintained at about 23°C. The pH value of type D sample is between 8 and 12, with a wide range of 
changes and is alkaline. Compared with other three types of sample points, its salinity value is 0~15. 
DO value is the lowest, about 2. The temperature is maintained at about 24°C. The water quality at 
the sampling point of Class A data source is the best, and that of Classes C and D is the worst. To sum 
up, the system proposed in the study can be better applied to the actual judgment and monitoring 
of seawater pollution, and provide scientific data support for reducing marine pollution.
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1. Introduction

The ocean is rich in resources and has great develop-
ment potential. In order to maintain the sustained and 
rapid economic growth, countries all over the world are no 
longer satisfied with the development of land resources, 
and have turned their attention to the development of 
marine resources. In this process, the problem of marine 
environmental pollution is becoming more and more seri-
ous, the marine ecological environment is becoming worse 
and worse, and the marine natural disasters are more and 
more frequent. Natural disasters from the sea have caused 
great losses to human social life and life safety, and their 
threat is increasing day by day. How to control the marine 

pollution has become a hot topic for many scholars. In order 
to alleviate the impact of freshwater resources and environ-
mental degradation on human body and ecological environ-
ment, Zhai et al. [1] proposed a simple method to prepare 
multi-objective ultra-wetting porous materials. This material 
breaks through the limitation of single-size screening, and 
has universal effects on different types of pollutants through 
accurate wetting operation and fluid separation control. 
Mishra et al. [2] found that microfiber is a new type of pol-
lutant widely distributed in the environment and has a very 
adverse ecological impact. In order to effectively control this 
marine pollutant, research is developing microfiber treat-
ment technology. Jiang et al. [3] developed a targeted marine 
pollution control plan to achieve accurate identification of 
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marine pollution sources. The study uses the excitation–
emission matrix analysis (EEMs) method of dissolved 
organic matter and the parallel factor analysis method 
of EMMs to determine the mixture of terrestrial humus, 
tryptophan and terrestrial and poplar humus and tyrosine 
components. The results verify the reliability of the model 
proposed in the study for DOM fingerprint identification of 
pollution sources in marine pollution areas, and provide a 
feasible method for pollution source identification in marine 
pollution events [4,5]. According to the above research, there 
is very little intelligent research on marine environmental 
monitoring. With the rapid development of social Internet 
of Things technology, scientific data and technical support 
are provided for the realization of intelligent marine envi-
ronment monitoring, the comprehensive management of 
marine environment and the rational use of marine resources 
by China’s marine management departments. This study 
proposes to combine the Internet of things technology with 
marine pollution prevention and control, and on the basis 
of the Internet of Things technology, an intelligent system 
can be designed to monitor marine environmental pollu-
tion, thus making a certain contribution to reducing marine  
pollution [6,7].

2. Design of data acquisition subsystem of marine 
environment detection system

Data acquisition module is one of the important parts 
of marine environment monitoring system, which is mainly 
realized by wireless sensor network technology. Wireless 
sensor includes sensor nodes and sink nodes. Sensor nodes 
are mainly responsible for data acquisition, preprocessing 
and communication; sink node is responsible for initiating 
and maintaining network, collecting and uploading data.

The features of seawater must be taken into account 
while designing a sensor for the detection of marine envi-
ronments. The sensor should generally exhibit low power 
consumption, impact resistance, and corrosion resistance. 
Sensor nodes allow for the connection of sensors. The con-
nection of sensors can select a water and water combina-
tion to suit the requirements of each monitoring location 
[8,9]. The data can be communicated from the sensor node 
to the sink node, which can subsequently transmit it to the 
monitoring terminal and monitoring centre to complete 
the generation and acquisition of mediastinal data. Fig. 1 
depicts the sensor node’s structural layout.

From the sensor node structure shown in Fig. 1, it can 
be seen that marine pollution detection is mainly realized 

by pH meter. The parameters of each sensor used in this  
study.

Table 1 is the sensor parameter table. Through these sen-
sors, the pH value, dissolved oxygen concentration, salinity, 
water temperature can be accurately measured. In order to 
make the marine environment detection system work for a 
long time without supervision, sensor network nodes need 
sufficient energy to support it. In order to achieve this goal, 
this study uses the dual power supply switching manage-
ment, namely battery power supply and solar cell power 
supply. In the actual work process, the system is directly 
powered by the battery. When the battery power is insuffi-
cient, the solar panel will supplement the battery power to 
ensure the continuous and stable operation of the sensor 
network nodes.

Fig. 2 shows the workflow of sensor network nodes. 
(a) The main task of the sensor node is to send the collected 
data to the sink node. (b) It is the working flow diagram. 
The main work of it is to feedback the data information to 
acquisition node and send it to monitoring terminal.

3. Design of monitoring terminal for marine environment 
detection system

The monitoring terminal of marine environment mon-
itoring system is mainly responsible for receiving, storing 
and sending data. As the core module of monitoring termi-
nal, the main function of data acquisition is data storage and 
transmission control [10]. The wireless sensor at the front 
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 Fig. 1. Schematic diagram of sensor node structure.

Table 1
Node sensor parameter table

Sensor name pH sensor Dissolved oxygen sensor Salinity sensor Water temperature sensor

Product number SensoLyt 700 
IQ SW

FDO 700IQ
SW

SAL-BTA WQ101

Product brand Germany WTW Germany WTW VERNIER GWI
Measurement parameters pH Dissolved oxygen Salinity Water temperature
Accuracy and range 2–12 pH

≤0.02pH
0–20.00 mg/L
±0.02 mg/L

0–50,000 parts per million 
One (ppm) ±1% of full scale

±0.1°C
–50°C~+50°C
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end of the system sends the monitoring data of water qual-
ity (WQ) to the center through ZigBee technology, and then 
connects the ADCP with the data collector by Bluetooth mod-
ule, and finally realizes the wired connection of each sensor 
through the serial port of the data collector. The schematic dia-
gram of CR1000 data collector used in this study.

Through the data collector shown in Fig. 3, the mon-
itoring terminal of the monitoring system can realize the 
control of receiving and sending data. In addition, the 
monitoring terminal can also collect data through the con-
nection with each sensor. The sensors connected with the 
monitoring terminal include ADCP, CTD, wind speed and 
direction sensor and temperature and humidity sensor.

Fig. 4 shows the measurement process of analog sen-
sor and the wiring method with data collector. (a) It is the 
measurement flow chart of analog sensor. It can be seen 
from the diagram that the sensor is used for data acquisi-
tion, and then the data collector is used for data processing. 
Finally, the processed data is sent to the computer for stor-
age. (b–d) respectively, represent the single terminal con-
nection method, differential connection method and pulse 
connection method of data collector and sensor.

4. Design of information management subsystem of 
marine environment detection system

In marine environment monitoring system, information 
management subsystem is mainly responsible for moni-
toring information management, information query and 

information analysis. The system does data administration, 
WQ analysis, and GIS information processing based on the 
visualisation feature of the GIS. Spatial information analy-
sis and graphic interactive presentation are both included 
in GIS information processing. For WQ classification, WQ 
analysis is based on the spatial vector genetic clustering 
analysis method [11,12].

Fig. 5 shows the spatial distribution of marine pH real-
ized by GIS technology. In Fig. 5 different colors indicate 
different pH ranges, and GIS module can support the mon-
itoring system in terms of pH value, salinity concentration 
and other information. Fig. 6 shows the effect of ocean 
wind and direction.

In the marine environment monitoring center, the scale of 
data transmission from sensors is very large, and it contains 
a large number of incomplete and fuzzy data. Therefore, 
it is necessary to further process the transmitted data. 
The marine environmental monitoring information man-
agement system designed in this study can extract valuable 
information from a large number of miscellaneous informa-
tion through data mining technology. The fuzzy C-means 
(FCM) clustering algorithm and genetic algorithm are the 
system’s fundamental technologies.

FCM has good error convergence and local optimiza-
tion ability. However, the global optimization ability of this 
algorithm is weak, and it is easy to fall into the local opti-
mal situation. In this paper, the finite vector X = {XK|XK ϵ RP, 
K  =  1,  2,  3,  …,  n} is divided into c classes, and the classifi-
cation matrix U.
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Fig. 2. Schematic diagram of the workflow of sensor network nodes.

Fig. 3. Schematic diagram of CR1000 data collector.
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where Uik represents the membership degree of vector Xi in 
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where dik represents the spatial distance between vector Xk 
and class ci, and ci(1 ≤  i ≤ c), ci ϵ RP. In data processing, the 
genetic algorithm is used to confirm the cluster center, and 
then the fuzzy c-means clustering algorithm is used to divide 
the cluster. Next, the current cluster center is solved. Each 
time a new cluster center is obtained, a new cluster center 
is used to replace the previous one. In order to make the 
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Fig. 5. Spatial distribution of pH.
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Fig. 4. Schematic diagram of analog sensor measurement process and connection method with data collector.
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monitoring of marine pollution more scientific and reason-
able, this study inquired about China’s seaWQ standards, 
as shown in Table 2.

5. Experimental research and analysis of marine 
environment detection system

In order to verify the practicability of the marine envi-
ronment monitoring system designed by this research, the 
corresponding experimental tests are carried out on the 
system, and the simulation is carried out with the test data. 
The results of data processing are demonstrated in a visual 
way, and then the system verification is completed. In this 
study, 30 sampling points are set up in a coastal area 200 m 
away from the bay. The distribution of sampling points is 
shown in Fig. 7.

A total of 300 groups of experimental data were obtained 
by continuous measurement of 30  sampling points set up 
in the study. Each point was sampled twice an hour for 5 h. 
The genetic initial population size n was set as 200, the max-
imum iteration times g was set as 60, the mutation proba-
bility Pm was 0.02, and the crossover probability PC was 0.8. 
The data processing results are shown in Table 3.

Table 3 shows the data of sampling points processed by 
marine environmental monitoring system. It can be seen 
from Table 3 that 30 sampling points are divided into four 
categories by marine environmental monitoring system, of 
which class a sample points are the most and Class C sam-
ple points are the least. However, after the sample points 
are divided into four categories, the specific meaning of 
these four types of sample points is not known. In order to 
analyze the four types of sample points, the research shows 

them in the feature space projection of marine environ-
mental monitoring parameters.

Fig. 8 shows the projection result of clustering results in 
the characteristic space of environmental monitoring param-
eters. It can be seen from (a) and (b) that the pH value of 
Class A sample point is between 7 and 9, and most of them 
are around 8; the dissolved oxygen (DO) value is between 8 
and 4, most of them are around 7; the salinity distribution is 
between 25 and 35, and basically concentrated in 30~35; the 
temperature is maintained at about 22°C. Therefore, it can 
be judged that the seaWQ in the corresponding area of such 
sample points is normal and not polluted. Similarly, the pH 
value of type B sample is between 7 and 9, and most of the 
sample points are around 8; the DO value is between 3 and 
5; the temperature is maintained at about 22°C; the salinity 
distribution is between 12 and 25, which is far lower than 
that of type A sample. Compared with the seaWQ stan-
dard, it can be inferred that there is sewage discharge near 
the Class B sampling point, or there is a confluence of river 
water and sea water; the overall WQ is basically normal. 
It can be seen from (c) and (d) that the pH value of type C 

(a)Sampling point of detection area(a)Sampling point of detection area (b)Sampling point clustering results(b)Sampling point clustering results
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Fig. 7. Distribution of sampling points and clustering results of sampling points.

Table 2
Sea WQ standards

Serial number Project First sort Second category Third category Fourth category

1 pH 7.8~8.5 6.8~8.8
2 Dissolved oxygen 6 5 4 3
3 COD 2 3 4 5
4 Biochemical oxygen demand 1 3 4 5
5 Inorganic nitrogen 0.2 0.3 0.4 0.5

Table 3
Types of sampling points

Sample point Sampling point

A 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
B 11, 12, 13, 14, 15, 16, 17
C 18, 19, 20, 21, 22, 23
D 24, 25, 26, 27, 28, 29, 30
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sample is low and weak acid; its DO value is similar to that 
of type B sample point, which is between 3 and 5; the salin-
ity distribution is between 6 and 19, slightly lower than that 
of sample B; the temperature is maintained at about 23°C. 
The sea WQ of Class C sampling point is poor, so it is spec-
ulated that it is located near the sewage discharge outlet, so 
it is necessary to treat the regional seawater pollution pre-
vention. It can be seen from (a) and (c) that the pH value 
of type D sample is between 8 and 12, with a wide range 
of variation and is alkaline; compared with the other three 
types of sample points, its salinity value is lower, distributed 
between 0 and 15; its DO value is the lowest, located at about 
2; its temperature is maintained at about 24°C, which is the 
highest among the four types of sample points. The sea WQ 
of Class D sampling point is very poor and has been seri-
ously polluted. Therefore, sewage treatment must be carried 
out in time. According to the above results, the sampling 
points of Class A data sources are located in the area with 
the best WQ, followed by Class B, and the sampling points 
of Classes C and D data sources are located in the area with  
poor WQ [13].

6. Conclusion

In recent years, with the frequent occurrence of marine 
natural disasters, marine pollution has gradually attracted 
the attention of people all over the world. This study studies 
the marine environment monitoring system from the aspects 
of data acquisition, monitoring terminal and information 
management, and verifies it by simulation. The results show 

that the Internet of things monitoring system designed by 
this research can judge the WQ of various regions in the 
ocean through pH value, temperature, DO value and salin-
ity. In the actual application results of the system, the pH 
value of Class A sampling points is between 7 and 9, most 
of which are around 8; DO values are between 8 and 4, most 
of which are around 7; The salinity ranges from 25 to 35; The 
temperature is maintained at about 22°C. The pH value of 
Class B sample is between 7 and 9, and most sample points 
are around 8; DO value is between 3 and 5; The temperature 
is kept at about 22°C; The salinity is between 12 and 25. The 
pH value of type C sample is low; Its DO value is between 
3 and 5; The salinity is distributed between 6 and 19, and 
the temperature is maintained at about 23°C. The pH value 
of type D sample is between 8 and 12, with a wide range 
of changes and is alkaline; Compared with the other three 
types of sample points, its salinity value is relatively low, 
distributed between 0 and 15; DO value is the lowest, about 
2; The temperature is maintained at about 24°C. To sum up, 
the system has excellent applicability and the result pre-
sentation is more intuitive. In addition, there are still some 
deficiencies in this study, that is, there are not many types 
of sensors in the system. It is hoped that more types of sen-
sors will be added in the future research, so as to judge the  
seaWQ more accurately.
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