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Abstract: The data series collected in ponds are often large, fuzzy, noisy and random, 

and special analysis methods and tools are needed to do the analysis. Therefore, in 

order to realize the analysis of the sensor flow data of the pond, it is not only the 

design of the analysis and mining algorithm, but also the problem of how to build a 

large-scale flow data acquisition and processing system, and combined with the needs 

of specific fields. The construction of the pond sensor stream data analysis platform, 

implements real-time data collection through the NB-IOT, implements real-time 

analysis of data through the stream computing platform. It can be applied to pond 

aquaculture intelligent to provide technical support. 
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1. Introduction 

In recent years, with the continuous expansion of people's demand for aquatic 

products, aquaculture in China is developing rapidly in the direction of scale and 

intensification. With the increasing scale of aquaculture and the concentration of 

aquaculture environment, environmental factors and large-scale management have 

become the most critical links in intensive aquaculture [1]. First of all, the aquaculture 

environment directly affects the growth of fish, shrimp and other aquaculture objects, 

and the eutrophic tail water generated in the aquaculture process poses a threat to 

the local water environment [2]. However, the current means of water quality early 

warning and water quality prediction are relatively backward, the degree of 
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informatization is not high, and the manual or semi-automatic monitoring process 

takes a long time. The change of aquaculture water quality is affected by the 

environment, physical and chemical factors and human activities. The change 

mechanism is complex, and has the characteristics of openness, large time delay and 

nonlinearity. Therefore, it is difficult to monitor water quality and water quality change 

by conventional methods. Secondly, with the rapid expansion of aquaculture scale and 

labor shortage, both outdoor pond ecological aquaculture and indoor recirculating 

aquaculture mode pay more and more attention to the real-time and intelligent 

monitoring and decision-making of aquaculture environment, which makes the 

aquaculture personnel deeply realize the need to improve production efficiency 

through advanced IT technology and optimize the existing scale management mode. 

When the traditional aquaculture methods can no longer meet the needs of current 

environmental monitoring and large-scale management, sensors based on the Internet 

of things, flow data calculation, intelligent algorithms have become the key to the 

development of large-scale aquaculture. 

 

2. System Architecture 

The pond data acquisition and analysis system based on NB-IOT and flow calculation 

includes data processing platform, data collector and distributed Internet of things. 

The data processing platform communicates with the data collector through the 

distributed Internet of things; each data collector acts as a node of the distributed 

Internet of things. The data processing platform receives the data from the data 

acquisition node, and realizes the collection and processing of the real-time stream 

data of each data acquisition node. The data processing platform includes data 

acquisition server, data access buffer server, data storage server and data stream 

computing server. The data acquisition server receives the monitoring data from the 

nodes of the distributed Internet of things, summarizes and forwards the data to the 

buffer system of the data access server. The data access server transmits the received 

buffered data to the data stream computing server according to the preset processing 

rate. The data stream server transmits the data after streaming calculation to the data 

access system and data storage server. The data collector includes microprocessor, 

battery, intelligent sensor and distributed communication module of Internet of things. 

The sensor can monitor the environmental state and performance parameters of the 

pond where the sensor is located; the battery, intelligent sensor and distributed 

Internet of things communication module are all connected with the microprocessor. 
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Figure 1. System architecture 

 

3. Data acquisition and analysis 

3.1 Data acquisition based on NB-IoT 

Narrow band Internet of things (NB-IOT) is a new technology in the field of Internet 

of things. It is built in cellular network and consumes only about 180khz bandwidth. 

It can be directly deployed in GSM network or LTE network. It has the characteristics 

of wide coverage, multiple connections, low speed, low cost, low power consumption 

and excellent architecture. It is widely used in many vertical industries, such as remote 

meter reading, asset tracking, intelligent parking, intelligent agriculture, etc. Sensors 

such as water temperature, water level, pH value, dissolved oxygen concentration, 

salinity and turbidity are installed in the pond, and the water is collected through NB-

IOT gateway. 

3.2 Stream computing platform 

At present, the most popular and advanced platforms are storm, spark streaming and 

Apache Flink [3-6]. In this paper, Flink stream computing engine is used to build the 

programming interface and corresponding ecosystem of streaming computing and 

batch processing. 

3.3 Data analysis based on stream computing 

The sensor flow data often contains noise or uncertain data. For example, in the data 

of pH and dissolved oxygen, affected by external environmental factors and human 

factors, some data fields are lost, or the time stamp is missing or the time stamp is 

larger than the system time. Based on Flink platform, the work layer obtains the 

stream data to be cleaned in real time and encapsulates it in event format. The data 
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is cleaned according to the data cleaning rules set by the task. The cleaned data is 

encapsulated in event format and sent to the next task for submission. 

In the field of aquaculture research, water quality environment is an important factor 

in intensive aquaculture. Water quality deterioration in high-density aquaculture 

environment often causes irreparable losses. Therefore, water quality monitoring and 

water quality early warning are important links in the process of aquaculture. The 

aquaculture water quality system is an open, complex, nonlinear, multi parameter, long 

time-delay system. It is difficult to accurately construct the water quality model by 

using traditional mathematical methods. 

Based on Flink and TensorFlow, a real-time water quality monitoring module is 

constructed. The convolution neural network training method is used to train the 

feature extraction ability of data high-depth learning network, and improve the 

accuracy of water quality information classification. Network in network (NIN) is a 

classical network model proposed by LV Laboratory of National University of Singapore, 

which is different from the traditional convolutional neural network. The water quality 

monitoring adopts the Nin network, stacking three multilayer sensor convolution layer 

modules and a global convergence operation layer as the classification layer. 

 

Figure 2．NIN architecture  

 

4. Conclusion 

Real time monitoring of water quality changes can effectively prevent the deterioration 

of water quality, reduce the occurrence of diseases in the process of aquaculture, and 

provide solutions and complete demonstration schemes for sustainable utilization of 

water environment. 

China is the largest aquaculture country in the world. The output of freshwater aquatic 

products accounts for more than 90% of the world. It is also the only country in the 

world where the aquaculture output exceeds the fishing output. Scientific aquaculture 

plays an important role in solving the food crisis, food safety, improving people's 

livelihood, improving the diet structure, increasing farmers' income, and expanding 

export to earn foreign exchange. Due to the traditional farming mode which mainly 

relies on experience and extensive operation, and blindly pursues yield and economic 

benefits, it is easy to produce super capacity and high-density cultivation, and 
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unscientific and unreasonable input, application of pesticides and fertilization, which 

leads to serious self-pollution of aquaculture water quality, ecological imbalance and 

great deterioration The growth environment of aquatic products brings great risk to 

the huge aquaculture industry. According to statistics, the direct loss of aquatic 

diseases in China is up to 15 billion yuan every year. Therefore, the system research 

can effectively prevent water quality deterioration, reduce aquatic diseases, and 

provide solutions for sustainable utilization of water environment. 
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