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Abstract. At present, the monitoring range of the numerical monitoring method
for fish ponds is small, which can not better protect the water quality of fish
ponds and is easy to shorten the service life of the line, in order to better ensure
the quality of fish pond water quality monitoring, a design method of fish pond
water quality monitoring system based on mobile UAV technology is proposed,
the system hardware configuration is optimized, the system software operation
function is improved, and the steps of fish pond water quality monitoring with
UAV technology are simplified. Finally, the experiment proves that the design
system has high practicability in the practical application process and fully meets
the research requirements.
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1 Introduction

Traditional water quality monitoring system adopts wired transmission mode to transmit
water quality related data information. Although it can accurately transmit data informa-
tion, the monitoring range is small, and water wiring is also a difficult problem, which
is easy to be damaged by biological eating. Long-term operation in water will reduce
the service life of the line. In response to this problem, most water quality monitoring
system development technicians use wireless transmission module to replace the tradi-
tional cable transmission module to solve the problem of line layout, damage [1]. At
present, there are many kinds of wireless transmission modules, so how to select suitable
functional modules to transmit monitoring information of aquaculture water quality has
become a key research problem. At present, many water quality monitoring systems
have been developed and designed by many domestic and foreign manufacturers. These
systems are mainly based on the traditional SCM or ARM board technology. Aquacul-
ture farmers will encounter the following problems when they actually use these water
quality monitoring systems: The water quality monitoring equipment developed based
on the traditional SCM or ARM board technology generally needs to provide stable AC
power supply for it to work continuously [2]. This requires aquaculture farmers in the
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fish ponds near the establishment of a computer room or office, for small and medium
-sized aquaculture farmers, the use of this water quality monitoring system costs too high
to use. In recent years, with the adjustment of agricultural structure, China’s aquaculture
industry is gradually changing from the traditional artificial aquaculture to industrializa-
tion and intensive aquaculture, and water quality monitoring has become the key link of
intensive aquaculture. At the same time, the developed water quality monitoring system
can effectively collect water quality information, but the research on water quality con-
trol is scarce. In order to meet the requirements of sustainable development, solar power
is used, but it can not work normally in rainy days [3]. In order to solve these prob-
lems, this paper selects mobile UAV technology as the core, uses temperature sensor,
pH sensor and dissolved oxygen sensor to collect water quality information, transmits
data information through mobile UAV technology and GSM module, and continuously
supplies energy to the system through solar power module, so as to improve the function
of water quality monitoring system. This paper introduces the technology system of
aquaculture monitoring, which is divided into three parts: terminal layer, transport layer
and management layer [4]. It points out that the collection and treatment of water quality
parameters are the key link in the development of aquaculture monitoring at home and
abroad. It looks forward to the information fusion of perception layer, the application
of remote video transmission, the integration and intelligence of information processing
technology and the combination of Internet of things and intensive aquaculture in the
future.

2 Water Quality Monitoring System for Fish Ponds

The water quality monitoring system consists of 11 modules, including temperature mon-
itoring module, pH monitoring module, dissolved oxygen monitoring module, wireless
transmission module, MSP430F149 MCU, power supply module, display module, mas-
ter control unit, monitoring center server, and oxygen generator. The overall system
structure block diagram is shown in Fig. 1.

In Fig. 1, the whole system is divided into two parts, respectively, the water quality
monitoring system information collection terminal remote monitoring terminal. Specif-
ically, the information collection terminal of the water quality monitoring system is
composed of the power supply module, temperature monitoring module, pH value mon-
itoring module, dissolved oxygen monitoring module, display module, MSP430F149,
main control unit, wireless communication module and oxygen booster; the remote mon-
itoring terminal is composed of the server of the monitoring center and mobile phone
users [5, 6]. The water quality monitoring system selects STM32 microprocessor as the
core controller, uses temperature sensor, pH sensor and dissolved oxygen sensor to col-
lect water temperature data, pH value and dissolved oxygen data, transmits them to the
server of the monitoring center through wireless communication module, and continu-
ously supplies power to the water quality monitoring system through the power supply
module of the system. The monitoring center sends the received data information to the
user’s mobile phone, providing convenient conditions for users to view water quality
information [7].



30 S. Cao et al.

System power supply module

PH value monitoring Temperature Dissolved oxygen
module monitoring module monitoring module

MSP430
F149

Main control unit

Wireless
aerator
communication module

monit
oring Mobile users
center

Fig. 1. Overall system structure diagram

2.1 Hardware Equipment for Water Quality Monitoring System of Fish Ponds

The technology of UAV is used to monitor and control the water quality of fishery ponds.
The hardware structure of the intelligent monitoring system is shown in Fig. 2.
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Fig. 2. System hardware structure diagram

The hardware includes two parts: water quality collecting terminal and equipment
controlling terminal. Water quality collecting terminal and control terminal commu-
nicate with cloud intelligence monitoring system by mobile UAV technology. Water
quality collection terminal uses RS485 interface communication to collect bottom water
quality sensor data, respond to real-time data collection instructions and timing data
upload. The control terminal controls the on-off of the relay by sending RS485 commu-
nication instructions, thereby controlling the operation of on-site execution equipment).
The control terminal can obtain real-time water quality data through a cloud intelligent
monitoring system and realize closed-loop automatic control through pre-set water qual-
ity parameter standards, or respond to user remote manual control instructions [8]. The
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water quality collection terminal is composed of the mobile UAV technical communica-
tion module, core controller module, water quality sensor, etc., powered by 40 W solar
photovoltaic panels and storage batteries, and the control terminal is composed of the
mobile UAV technical communication module, core controller module, Type 485 relay
and on-site execution equipment connected thereto.

This system selects SR311A485 control relay, whose PCB is made of FR4 board. It
uses industrial level chip and has lightning protection circuit. It can configure its module
address by RS485 communication mode, and can use jumper lock module to set up good
configuration to prevent misoperation. The product is energy-saving, long service life,
stable and reliable performance. The specification of the specific parameters and control
instructions are shown in Table 1, respectively:

Table 1. Mobile UAV monitoring technical parameters

Technical attributes Specific parameters
Electric shock capacity 10 A/30 V DC
temperature range —35°C-—-85°C
Durability 110000 times
Rated voltage DC10-25V
communication interface RS486

Baud rate 9700

Default communication format | 9700, n, 8, 2

Modern monitoring and controlling system for water quality of mobile unmanned
aerial vehicle is a complete system composed of water quality sensor, representative,
timely and reliable water quality information, automatic control technology, computer
technology and professional software, so as to realize online automatic monitoring and
automatic control of various water quality parameters. Its architecture is divided into
three parts: terminal layer, transport layer and management layer as shown in Fig. 3.
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Fig. 3. Online automatic monitoring and actuator automatic control equipment
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The terminal layer realizes the real-time collection, processing and automatic con-
trol of the water quality parameters. The transport layer is the key link between the
terminal layer and the management layer, which is responsible for the transmission and
transportation of water quality data and information. The transmission methods mainly
include wired communication and wireless communication, and the field bus and mobile
UAV monitoring are the main representatives of the two methods. Management is the
terminal of the system, which mainly realizes real-time data acquisition, storage, analysis
and processing, intelligent water quality control, evaluation and early warning, disease
diagnosis and prevention, fine feed feeding and aquaculture system configuration. When
designing the hardware circuit of field terminal monitoring system, the system is divided
into two parts, one is the water quality terminal node hardware circuit and the other is
the data display terminal node hardware circuit. Among them, the core controller of
the hardware circuit of the water quality terminal node is a low power UAV monitoring
SCM, and the data shows the UAV monitoring processor. The advantages of this design
can reduce the workload of mobile UAV monitoring processor, improve the efficiency of
water quality information collection terminal, improve real-time data, and reduce power
consumption.

2.2 System Software Function Optimization

The development platform of keil u Vision 4 for C51 is selected as the software develop-
ment tool of mobile UAV monitoring information collection terminal, which is developed
by using the language at °C. The main program flowchart of the information acquisition
terminal system is shown in Fig. 4.
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Fig. 4. Main program flow chart of information acquisition terminal system

The basic idea is: weighting the measurement results of the same kind of sensors,
adjusting the weight coefficient online according to the variance of the sensors, so that
the average variance of the fusion model is minimized and the optimal fusion result is
obtained. The system uses the random weighted fusion algorithm of multi-sensor obser-
vation covariance, which measures the accuracy of the non-random quantity estimated
from the noisy data by mean square error [9]. For the output of the fusion model, if the
result of the data processing of a single sensor exceeds the set value, and the direct alarm
is within the set range, the fusion result of the next fusion model to be estimated is x,
and the measured values of each sensor are independent of x1, x3, ..., X, and the x is an
unbiased estimate, then the total mean square error a2 of the n sensors is used as the data
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collection subroutine to collect the information about the pH value, water temperature
and dissolved oxygen of aquaculture water through controlling the pH value sensor,
water temperature sensor and dissolved oxygen sensor. The data collection subroutines
of these sensors are the same, and the data are collected at certain time interval. The data
collection subprogram design flowchart is shown in Fig. 5.
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Fig. 5. Flowchart of data acquisition subroutine design

For the data interface of the server, it mainly provides the API for the embedded
terminal device and the client. In the system, the data interface of the server is realized by
POST request. It responds to the data upload of the water quality collecting terminal and
the data query of the mobile client in real time. The operation object of the data interface
is MySQL in the server, which relies on the database to respond to various requests. The
persistence layer architecture chosen for the data interface design is MyBatis, whose
specific structure is shown in Fig. 6. The steps for a mobile UAV to monitor MyBatis are
to first write a MyBatis configuration file, create a database connection session, configure
a relational mapping, complete the database, and end the session.

Breeding users can carry out remote manual control of on-site execution equipment,
or turn on intelligent control. The system automatically adjusts water quality according
to the pre-set water quality parameter standards and on-site water quality conditions,
and adjusts water quality in advance according to dynamic prediction and early warning
information.

Initialize the number of repeated EMD decompositions M, the ratio of Gaussian
white noise to the standard deviation of the amplitude of the original signal #, and set the
number of iterations for EMD decompositions to be x;,(¢). Perform and record the EMD
decompositions. Perform the m decompositions as follows: Based on the relationship
between the water quality data f (¢) collected on the spot and the Gaussian white noise
sequence ny,(t), the expression of the m decomposition sequence is:

Xm (1) = f (1) + knm ()X, ey

In formula (1), k represents the analysis coefficient. Decompose x;, (¢) to make the
loop variable i 1, x1 = xn (1); make the loop variable j 1, then y, (f) = x;,(¢) +x,,,(¢) finds
all the local maxima u;,,,(t) = u — a(t) and local minima v; ,,(¢) envelopes in the y, ()
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Fig. 6. My Batis persistence layer architecture for mobile UAV monitoring

sequence; where the upper and lower envelopes require all the data points enveloped,
the average of which is:

uj,m(t) +1

"m0 = @

= Vjm(1) @)
For mobile UAV monitoring, its advantage is that it can be trained by small sample to
improve the learning ability of the machine, so as to make up for the shortcomings of
the machine itself and improve its operating efficiency. The complex factors of water
quality change in fishery aquaculture can be solved by its generalization ability. Mobile
UAV monitoring itself can control the generalization accuracy, which makes it widely
used in aquaculture water quality prediction, and this is also of particular importance in
small sample analysis. From the practical analysis, it can be concluded that the kernel
function can not only improve the processing ability, but also further enhance the analysis
dimension of the mobile UAV monitoring system. The powerful kernel function endows it
with better parameter selection ability, further reduces the complexity of data processing
and analysis, and greatly improves its application value.

2.3 Realization of Water Quality Monitoring of Fish Ponds

Aiming at the problem of low precision of SVR in fishery water quality parameter
prediction, this paper presents a combined prediction method of UAV monitoring model
based on set empirical modal decomposition, Gray Wolf optimization algorithm and
SVR. Firstly, the collected water quality data are decomposed into a series of relatively
stable characteristic modulus components by mobile UAV monitoring, then the mixed
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noise sequence is eliminated, and the optimized mobile UAV monitoring is used to
establish a prediction model for the reduced noise fishery water quality data [10]. Based
on the water quality environment of local fishery aquaculture, combined with the analysis
of aquaculture samples and the reference of related literatures, an early warning model of
fishery water quality is established. The logical flow of fishery water quality prediction
and early warning model based on mobile UAV technology is shown in Fig. 7. Through
the dynamic prediction and early warning of the pond aquaculture water environmental
parameters, and based on the dynamic prediction and early warning information to adjust
the site water quality.

Fig. 7. Logical process of fishery water quality forecast and warning

Data fusion is the key technology of Internet of Things. Compared with Internet of
Things, data fusion is equivalent to human brain. Through visual, auditory, tactile, taste
access to natural information, handed over to the brain, the use of experience and reserve
knowledge to perceive changes in the outside world. The monitoring system acquires
water quality information through various sensors such as dissolved oxygen, tempera-
ture, pH, turbidity, ammonia nitrogen, water level and so on. Because each sensor has
different measurement and characteristics, slow and fast, linear and nonlinear, real time
and non-real time, data fusion technology integrates these data to get consistent descrip-
tion of water quality through corresponding rules, and predicts more information from
them to enhance the system perception ability. Data fusion system generally includes two
subsystems: multi-sensor sensing system and information processing system. Figure 8
shows a typical data fusion process.

As shown in Fig. 8, input data types may vary, for example, data sources in different
representations such as text, radar, image, etc.: possible changes in the quality of the
data reflected in the error, with intermittent sensor errors in some data; possible changes
in the quality of the data reflected in the arrival of the data, and data from another
platform that is affected by communication network overload, showing intermittent
or intermittent changes, etc. Possible approaches include: the introduction of location
information from external reference systems, etc., the study of targeted solutions and
other data associations, the difficulty being that the number of “targets” in different event
sets is inconsistent: input data is vague, inconsistent, conflicting or unreliable; input data
has associated noise/errors. Generating a set of model hypotheses that may represent
the real world, using methods to select the hypotheses closest to the acquired data, etc.
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Fig. 8. Water quality testing data fusion process

The difficulty of fusion decision is that: the decision object may be more complex, and
has multi-objective or multi-event, multi-level and multi-side processing requirements;
the expression and processing mode of complex objects; the meta-model and relevant
processing of complex dynamic situations in multiple situations; and the performance
evaluation of fusion results. It is possible to use multi-level concepts, including multi-
level objects, multi-level processing, multi-level meta-model, multi-side processing, and
so on. In view of the different level research concrete suitable theory method and the
processing structure. On the one hand, it provides output and on the other hand it is used
for feedback. Feedback to the fusion part is to modify the prior model and validate the
validity of the hypothetical model by continuous inspection. The function of feedback
to sensor system is to control the work of the system.

3 Analysis of Experimental Results

The hex file is compiled through the USB port and written into the stm32f103zet6
single chip microcomputer. The MSP430F149 microprocessor is controlled by the single
chip microcomputer to realize the control of water temperature sensor, pH sensor and
dissolved oxygen sensor. The sampling frequency is 24 kHz and the time interval is
5 s. The software can automatically identify and download the COM port and support
different types of microcontrollers. The information collection includes all types of
sensors and their signal conditioning circuits. The specifications of each sensor are as
follows (Table 2):
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Table 2. Types of sensors

Sensor type Model Manufacturer

Temperature sensor PE110 Guangzhou Leici Co., Ltd

Dissolved oxygen electrode DE-110 Shanghai aiwang industry and Trade Co., Ltd
PH sensor LQ4635T Mettler Toledo

Water level sensor COY12 Beijing Yiguang Sensor Technology Co., Ltd

Finally, the sensor is installed in the aquaculture base according to the layout scheme
to measure the water temperature and pH dissolved oxygen, and the test results are
compared and analyzed as shown in Table 3.

Table 3. Water quality monitoring accuracy test results

DS18B20 water temperature (°C) MIK-160PH-4 Value Kds-25b dissolved oxygen (mg /L)
System Manual Monitoring | System Manual Monitoring | System Manual Monitoring
detection | monitoring | accuracy detection | monitoring | accuracy detection | monitoring | accuracy
113 11.2 99.1% 7.7 7.6 98.7% 8.6 8.7 98.9%
11.9 11.7 98.3% 7.6 7.6 100% 8.5 8.5 100%
13.8 13.7 99.3% 7.6 75 98.7% 8.3 8.2 98.8%
18.7 18.9 99.0% 7.6 7.6 100% 8.1 83 97.6%
20.5 20.7 99.0% 7.7 7.6 98.7% 79 7.8 98.7%
23.8 24.0 99.2% 15 15 100% 715 7.4 98.7%
25.2 25.1 99.6% 7.6 7.6 100% 7.3 72 98.6%
28.5 28.5 100% 7.6 7.6 100% 6.6 6.5 98.5%

In Table 3, the deviation between the measured data of the water temperature sensor
and that of the manual measurement is &= 0.2 °C and above 95%; the deviation between
the measured data of the sensor and that of the manual measurement is within 0.1 °C
and above 98%; the deviation between the measured data of the KDS-25B dissolved
oxygen sensor and that of the manual measurement is within + 0.2 mgL and above
95%. Therefore, the results show that the water temperature sensor, pH sensor and
dissolved oxygen sensor can meet the measurement accuracy requirements, and can
provide accurate data support for the remote monitoring center. Network packet loss rate
test verifies the stability and reliability of system data transmission. TCP/IP protocol can
guarantee the integrity of data, so the number of data packets is taken as the statistical
sample. The test results from the sampling for the intervening 10 days are shown in
Table 4:
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Table 4. Test Packet Loss Rates and Success Rates for 10 Days

Time Wireless Data packets | Manual Response
communication received by | control/(Times) | information/(piece)
module sends data | server (PCs.)
packets (PCs.)

2021/9/27 1445 1436 20 20

2021/9/28 1442 1442 20 20

2021/9/29 1443 1436 20 19

2021/9/30 1445 1441 20 20

2021/10/01 1439 1438 20 18

2021/10/02 1442 1438 20 20

2021/10/03 1443 1429 20 19

2021/10/04 1442 1443 20 20

2021/10/05 1437 1433 20 20

2021/10/06 1441 1432 20 18

Total 14419 13075 200 194

As can be seen from Table 4, the basic weather conditions of the aquaculture base
were recorded while the experiment was carried out. The results showed that the water
temperature, pH, dissolved oxygen and concentration of ammonia and nitrogen in the
aquaculture pond No. 4 were directly affected by the change of the weather. Taking
temperature and dissolved oxygen as examples, some of the test data are compared with
those shown in Fig. 9:

—@—  Test value of No. 4 aquaculture pond
——@——  Test value of No. | aquaculture pond

28 7.0
—AA— System value of No. 1 aquaculture pond

xygen / (mg /L)

Temperature /© C

6.0

—@——  Test value of No. 4 aquaculture pond
—@——  Test value of No. 1 aquaculture pond

—A—— System value of No. 1 aquaculture pond

07-12 07-15 07-18 0721 07-24 07-12 07-15 07-18 0721 07-24

date date

(a) Comparison of water temperature data (b) Comparison of dissolved oxygen data

Fig. 9. Comparison chart of test data

From Fig. 9, we can see that the range of dissolved oxygen value is 6.657.31 mg/L,
the precision of dissolved oxygen control is £ 0.11 mg/, and the range of dissolved
oxygen value is 6.45-7.38 mg/L. In rainy days, the dissolved oxygen content in the
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ponds increased. On the whole, the system value of the pond is very close to the test

value, and the variation range of the water quality parameters is stable and in a suitable
range.

Table 5. Monitoring accuracy and error of some water quality parameters measured by the system

Accuracy and Temperature | PH value | Dissolved oxygen | Mass concentration of
error ammonia nitrogen
Monitoring +0.16 °C +0.08 40.12 mg/L. +0.09 mg/L

accuracy

Average relative | 0.18 0.19 0.17 0.49

error/%

Table 5 shows that the maximum monitoring accuracy of the parameters is £0.2 °C,
pH £0.2, dissolved oxygen and ammonia nitrogen are +0.2 mg/L, and the maximum
average error of each parameter is 0.5%. Comparing the test results with the standard
values, the maximum temperature monitoring accuracy of the system is kept at £0.15 °C,
and the maximum average relative error is 0.48%, which meets the system requirements.

To sum up, the fish pond water quality monitoring system based on mobile UAV
technology can provide accurate data support for the server control of the remote moni-
toring center. The system value of the aquaculture pond is very close to the test value, the
maximum temperature monitoring accuracy is maintained at 0.15 °C, and the maxi-
mum average relative error is 0.48%. It has good performance and can play an important
role in practical applications.

4 Conclusion

China is a large country of aquaculture, and aquaculture model is developing to inten-
sive, factory model, and water quality monitoring has become a very important part of
intensive aquaculture. Compared with developed countries, the water quality monitoring
technology in our country is not mature enough, and there is still room for improvement in
the research of key technologies. Through the above research, the following conclusions
are obtained:

(1) The measurement accuracy of the water temperature sensor, pH sensor and dissolved
oxygen sensor of the system meets the requirements, and can provide accurate data
support for the server control of the remote monitoring center.

(2) The test results are analyzed in combination with the actual changes of the test
environment. The overall performance is that the water temperature decreases, the
pH value decreases, the dissolved oxygen increases, and the ammonia nitrogen
mass concentration decreases in rainy days. The influence of weather changes on
the water quality parameters of No. 4 aquaculture pond is relatively direct.

(3) Whenitisrainy, the dissolved oxygen of each pond tends to increase, and the system
value of the pond is very close to the test value.
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The maximum temperature monitoring accuracy of the system is maintained at
40.15 °C, and the maximum average relative error is 0.48%, which meets the
system requirements.

For the next work, the following aspects can be studied in depth:

The data acquisition and data processing technology of the terminal perception
layer will be the key link to be tackled, and the research and development of theory
and equipment should be strengthened.

The information fusion of perception layer, the application of remote video trans-
mission, the integration and intelligence of information processing technology,
and the combination of Internet of things technology and intensive aquaculture
in aquaculture water quality monitoring will be the future development trends.

Fund Project. The Special projects in Key Areas of Guangdong Province (Grant
2021ZDZX4050).
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