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BACKGROUND 
Rivers and lakes have important resource functions and ecological functions. 

They are channels of fl ood, carriers of water resources and important components 
of ecological environment. With the development of economy and society, the space 
of rivers and lakes has been squeezed and occupied by human activities. However, 
in the traditional dynamic monitoring of rivers and lakes, the workload is heavy, 
the effi  ciency is low, the traffi  c is inconvenient, the terrain is complex, the regional 
monitoring and evidence collection is diffi  cult, and the quantitative analysis ability 
is insuffi  cient.

In 2015, the CPC Central Committee and the State Council issued “opinions on 
accelerating the construction of ecological civilization” (ZF [2015] No. 12), which 
proposed to “strengthen statistical monitoring, and emphasize the use of satellite 
remote sensing and other technical means to carry out all-weather monitoring 
of natural resources and ecological environment protection, and improve the 
monitoring network system covering all resources and environmental elements”. 
In 2016 and 2017, the general offi  ce of the CPC Central Committee and the general 
offi  ce of the State Council respectively issued” the opinions on the comprehensive 
implementation of the river head system” and “the guidance on the implementation 
of the lake head system in lakes”, and clearly put forward that “we should actively 
use satellite remote sensing, UAV, video monitoring and other technologies to 
strengthen the dynamic monitoring of lake changes”. “The key points of river and 
Lake Management in 2020” issued by the Ministry of water resources on February 
25, 2020 calls for strengthening the comprehensive improvement of river sand 
mining, further strengthening the system of river and lake head and the secret 
inspection of river and lake management, and strengthening the basic work of river 
and lake management. Internet plus Unmanned Aerial Vehicle (UAV) technology 

In order to solve the problems of heavy workload, low effi  ciency, inconvenient transportation 
and complex terrain, diffi  culties in regional monitoring and evidence collection, and insuffi  cient 
quantitative analysis ability in traditional river and lake management, this paper studies and 
summarizes the literature and policies related to river and lake information management by using 
the integration of Internet, UAV, GIS and other technologies in recent years, The technical methods 
and means of river and lake management and protection are put forward to provide reference for 
improving water management system and ensuring water safety.

ABSTRACT
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is a eff ective way to strengthen the management of rivers 
and lakes. Research, analysis, design and development of 
river and lake management dynamic monitoring system 
is an urgent need to explore the establishment of river and 
lake resources monitoring network system, and eff ectively 
improve the effi  ciency of river and lake water shoreline 
management and protection.

The purpose and signi icance of the research

The dynamic monitoring of rivers and lakes based 
on Internet and UAV is conducive to further improve the 
monitoring network system of river and lake resources, 
strengthen the management and protection of river and lake 
water shoreline, and provide powerful tools and means for 
further strengthening the protection of rivers and lakes, 
real-time, dynamic and accurate capture of river and Lake 
information. It can provide accurate information for river 
and lake ecological environment governance, accurate 
decision-making for river and lake governance, real and 
comprehensive eff ective information, and provide tracking 
service and eff ect evaluation for follow-up work, which has 
good ecological and environmental benefi ts.

River and lake management involves water area, 
shoreline, water and sand fi shery resources, sewage outfall 
setting, river related construction projects and other 
aspects. It is the core content of river and lake supervision 
and management and water conservancy social services. It 
is an important work to ensure the sustainable utilization 
of river and lake resources, and it is a hard task of current 
water conservancy work. Under the current situation, the 
application of Internet plus UAV technology to dynamic 
monitoring of river and lake management is an eff ective 
way to strengthen River and lake management. The design 
and development of dynamic monitoring system of river 
and lake management is an urgent need to establish the 
monitoring network system of river and lake resources and 
strengthen the management and protection of river and lake 
shoreline. Under the background of big data, the application 
of modern technology to river and lake management meets 
the requirements of modern development and shows the 
characteristics of intelligent water conservancy.

Survey of domestic and international levels and 
trends

Research status abroad: In recent years, foreign UAV, 
GIS, AR and other technologies are gradually widely used 
in the fi eld of water conservancy, and some experts seek 
to integrate these technologies into the software system 
to realize the informatization of water conservancy 
management. In 2008, Japan’s Sozaki Temharu and others 
won the invention patent of river information management 
system. Using mobile phone integrated camera and GPS 
equipment, the mobile phone can take images refl ecting the 
abnormal situation of rivers and upload them to the server. 
Kubota S, et al. described how to use UAV aerial images to 

form 3D maps to achieve long-term management of water 
conservancy facilities, and discussed the fi ne verifi cation 
method of images in detail. Roberto Pierdicca and others 
introduced a set of intelligent terminal equipment for 
realizing intelligent watershed management by combining 
GIS and AR technology, and pointed out that the equipment 
can eff ectively improve the effi  ciency of large-scale 
water conservancy monitoring carried out by government 
departments and communities after fi eld monitoring.

Domestic research status: Strengthening the 
management of rivers and lakes and realizing the smooth 
fl ow of rivers, clear water, green shore and beautiful scenery 
are the urgent needs of building a beautiful China and 
establishing an ecological civilization system, the inevitable 
requirements of promoting industrialization, urbanization, 
agricultural modernization and ensuring the sustainable 
development of economy and society, and the important 
contents of deepening water conservancy reform. River and 
lake management is an important part of water management 
system, and it is also an inevitable requirement to maintain 
the life and health of rivers and lakes and ensure the national 
water safety. In recent years, all localities have taken active 
measures to strengthen the management of rivers and lakes, 
which has promoted the comprehensive benefi ts of fl ood 
control, water supply, power generation, shipping, ecology, 
and strongly supported the sustainable development of 
economy and society.

From 2016 to 2017, the leading group of the Central 
Committee for comprehensively deepening reform, the 
general offi  ce of the CPC Central Committee and the general 
offi  ce of the State Council successively issued “the opinions 
on comprehensively implementing the river head system” 
and “the guiding opinions on implementing the lake head 
system in lakes”. Subsequently, the local governments 
successively issued the work plans and objectives on 
implementing the river head system and the lake head 
system, and established the river head system and the lake 
head system The system of river and Lake Management 
Based on Lake leader system In “the opinions on 
comprehensively implementing the river head system”, it 
clearly puts forward the work requirements of strengthening 
the management and protection of river and lake water 
shoreline, strengthening law enforcement and supervision, 
and establishing the daily supervision and inspection system 
of river and lake. The supervision of shoreline resources has 
the characteristics of many points, wide range and heavy 
workload, which is a complex system engineering. The 
traditional river and lake shoreline supervision is mostly 
carried out in the form of manual inspection, hierarchical 
reporting and public complaints. There are problems such 
as untimely information collection, single source and form, 
and incomplete coverage, which make it diffi  cult to realize 
real-time and normalized comprehensive inspection and 
overall supervision. In addition, there are many problems in 
traditional management units, such as lack of professional 
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and technical personnel, informatization and low degree 
of modernization of supervision means, resulting in low 
effi  ciency of river and lake shoreline supervision. The 
monitoring and management system of river and lake 
shoreline is designed and developed based on rich client, 
3D geographic information system and spatial database 
technology, which can provide strong technical support 
for the upgrading of river and lake shoreline supervision 
technology, the improvement of daily supervision and 
inspection system, and the protection of river and lake 
shoreline resources.

“The key points of management of rivers and lakes in 
2020” issued by the Ministry of water resources in February 
25, 2020 pointed out that the management of rivers 
and lakes should be guided by Xi Jinping’s new socialist 
ideology with China characteristics, and thoroughly study 
and implement the spirit of general secretary Xi Jinping’s 
important speech on the protection of the Yangtze River 
and the ecological protection and quality development of 
the Yellow River Basin, and comprehensively implement the 
priority of water conservation, space balance, and system 
governance. We should adhere to the principle of “making 
up for the shortcomings of water conservancy projects 
and strengthening the supervision of water conservancy 
industry”, adhere to the principle of problem orientation, 
goal orientation and result orientation, and adhere to 
the principle of being pragmatic, effi  cient and eff ective. 
We should take promoting the system of “famous” and 
“practical” as the main line, and strengthen the duty 
performance of the head of rivers and lakes, We should 
do a good job in the normalization and standardization of 
the “four chaos” of rivers and lakes, the comprehensive 
improvement of sand mining in rivers and lakes, strengthen 
the system of river and lake leaders and the secret inspection 
of river and lake management, consolidate the basic work of 
river and lake demarcation, planning, system construction, 
informatization, etc., and spare no eff ort to fi ght the 
tough battle of river and lake management by establishing 
rules, consolidating foundation, building mechanism, 
strengthening supervision, and seeking innovation, We will 
continue to promote the modernization of the river and lake 
management system and capacity, promote the fundamental 
improvement of rivers and lakes, build beautiful and healthy 
rivers and lakes, and make every river a happy river for the 
benefi t of the people [1-14].

In view of the river and lake management, Wang Hongxia 
[15] and others put forward the idea of comprehensively 
improving the informatization level of river and lake 
management.

• Comprehensively promote the information 
construction of water resources management. Based 
on the construction of industry database, network 
platform and automatic monitoring system, the water 
resources management information system based 

on GIS is established by using advanced computer 
network, informatization and digitization technology 
to realize the collection, storage, analysis, update, 
query, management, output and visualization of 
water resources information and improve the service 
platform, The water resources real-time monitoring 
information subsystem, water resources information 
management subsystem based on GIS, water intake 
permission management information subsystem, 
water resources reasonable allocation information 
subsystem and water resources forecast information 
subsystem will be constructed;

• The automatic monitoring information system 
of river and lake water quality was established. 
The main function of the water quality automatic 
monitoring system is to collect the water quality, 
fl ow and discharge information of each water quality 
monitoring section and sewage outlet water quality 
monitoring section, transmit them to the water 
resources and environment management center, 
process them and store them in the professional 
database for query, management and decision 
support. These information must refl ect the 
requirements of real-time, reliability and integrity. 
The monitoring items of water quality monitoring 
section are conventional parameters, ammonia 
nitrogen, total nitrogen, total phosphorus, etc. The 
monitoring items of sewage outlet water quality 
monitoring section are pH value, COD, Cr and fl ow. 
The water quality automation construction system 
mainly includes telemetry station, central station 
and information transmission network. 

• More eff orts should be made to compile electronic 
water system map. Most of the water system maps 
used in the past are paper maps, which are not 
conducive to preservation, and the information 
update is slow. China’s water system is developed, 
there are many rivers and lakes, and the water 
system information is large and updated quickly. The 
paper water system map has been unable to meet the 
needs of modern water conservancy development. 
The electronic water system map is to collect and sort 
out the basic data of all rivers within the scope of each 
administrative region, compile them into a database, 
and fi nally form multiple application systems of 
query, management, decision-making, prediction, 
statistical report and modifi cation of the whole water 
system and surrounding buildings; 

• Establish a perfect water conservancy information 
construction organization system. Water 
administrative departments at all levels should 
strengthen the leadership of water conservancy 
informatization work, clarify the leading institutions, 
improve the working mechanism, clarify the 
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rights and responsibilities of informatization 
work institutions, informatization application 
departments and management and maintenance 
departments in informatization construction and 
management, and establish a good work pattern of 
performing their duties and cooperating closely.

Hu Jinxian [16] in Shanghai Qingpu District, using 
Internet plus technology, has long term management of 
rivers and lakes in the area. In the long-term management 
system and mechanism of the river, the integrated 
management and maintenance of inspection, cleaning and 
maintenance should be realized. In terms of operation force, 
market-oriented maintenance companies should be guided 
to increase the investment of automatic operation vessels and 
front-line maintenance personnel. On the basis of improving 
the system and mechanism and consolidating the operation 
force, by making full use of high-resolution remote sensing, 
industrial UAV, Beidou navigation, information system, 
big data analysis and other new technologies, we will carry 
out pilot River inspection automation and ship monitoring 
informatization, establish an air space integrated inspection 
and monitoring system, and completely change the past 
relying on “human monitoring” and “ship monitoring” The 
traditional management mode of “telephone monitoring” 
lays the foundation for the realization of fi ne management, 
informatization of supervision and quantitative assessment. 
Taking the Pearl River Delta river network area as an 
example, Liu Jingao [17] designed the intelligent supervision 
scheme for the water shoreline, and the management and 
protection of the water shoreline is one of the main tasks of 
implementing the river lake leader system. The solution to 
the intelligent supervision of river and lake shoreline is to 
focus on “reinforcing the weakness of water conservancy 
projects and strengthening the supervision of water 
conservancy industry”. The Ministry of water resources and 
the local government have also successively introduced the 
medium and long-term work plan of river and lake long-
term system integrating the concept of intelligent River and 
lake management. It is mainly refl ected in: using Internet 
thinking to promote the deep integration of cloud computing, 
big data, Internet of things, artifi cial intelligence and other 
new technologies with river and lake management, and build 
an intelligent management platform with comprehensive 
perception of river and lake dynamics, full sharing of river 
and lake information, and intelligent and thoughtful River 
and lake service. In order to reduce the workload of river 
patrol and make up for the environmental pollution and river 
bank encroachment after the end of river patrol, the current 
river lake leader system expands the supervision of river 
and lake shoreline from three aspects: the diversifi cation 
of supervision means, the accuracy of supervision content 
and the quantifi cation of supervision problems, so as to 
build an upgraded intelligent supervision system of river 
and lake shoreline. Integrating the mode of smart River 
and lake supervision, introducing multi-dimensional 
monitoring means and intelligent perception and big data 

mining technology, the supervision technical schemes 
for diff erent supervision problems and river sections with 
diff erent characteristics are formulated respectively. Wang 
Zaiai [18] and others developed the four rivers and Dongting 
Lake River and lake management information platform, 
applied mobile Internet, image and video compression, GIS 
and other technologies, put the relevant data of river and 
lake management into the database, and displayed them 
through the web and mobile terminals, carried out on-site 
verifi cation and supervision of the violations around the 
river and lake, eff ectively blocked the loopholes of river and 
lake supervision, and realized the traceability of business 
data. After the completion of the river and lake management 
information platform, users can browse the news 
information, work dynamic and government information 
related to river and lake management through personal 
computers and mobile phones, and transfer the river and lake 
management documents and policy information. Combined 
with satellite remote sensing image and digital map, online 
view the attribute information of rivers and lakes and main 
water conservancy projects, analyze the evolution of river 
regime and the utilization of river and lake shoreline. Online 
supervision (photographing and positioning) of violations of 
laws and regulations related to rivers and lakes, through the 
river and Lake Management app, the public and management 
personnel can report violations of laws and regulations in 
the process of river and lake management. Verifi cation of 
water related projects in the main stream and Dongting Lake 
area. Establish the river and lake management database.

 In short, various studies show that it is feasible and 
eff ective to apply Internet technology and remote sensing 
technology to river and Lake Management in combination 
with the background of the times and the environment of 
big data. However, at present, most of the researches on 
using modern technology to realize digital monitoring of 
rivers and lakes are aimed at one or several of them. Very few 
of them will monitor the water quality changes of diff erent 
monitoring objects, such as water area, shoreline, sand 
mining, sewage outlet setting, river related construction 
projects, etc., and carry out hydrological situation 
calculation and shoreline dynamic analysis in combination 
with hydrological climate, And dynamic change detection 
and early warning are integrated on one platform to form a 
powerful and complete platform system [19,20].

The research method proposed in this paper

1.3.1. General technical route: This paper combines 
the Internet and UAV remote sensing technology to build a 
dynamic monitoring system of river and lake management, 
to carry out daily inspection and dynamic monitoring of 
rivers and lakes, and to develop mobile app to realize the 
national participation in supervision (Figure 1). In the 
demonstration area, a tributary of the North Bank of the 
middle reaches of the Yangtze River, Juzhang River Basin, 
where JuShui and zhangshui meet at the two estuaries of 
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Dangyang, will be selected to test the system and optimize 
the overall technical route in the demonstration area.

While conceiving the technical route, the research 
scheme is analyzed in detail, including UAV River and lake 
dynamic monitoring technology, large range UAV, selection 
of airborne high-defi nition camera, application of UAV 
equipped with high-defi nition camera, photographing 
River and lake micro topography, monitoring river and 
lake water quality change, processing and extracting image 
data, and defi ning and optimizing UAV voyage, navigation 
and navigation according to diff erent monitoring tasks 
Flight altitude, route setting, fl ight angle, photo frequency, 
photo synthesis and other related parameters, research on 
UAV’s interpretation characteristics of diff erent monitoring 
objects, achieve the eff ect of automatic recognition according 
to the spectral characteristics, processing technology of 
UAV remote sensing information, including geometric 
correction, area network adjustment, orthorectifi cation, 
color matching and other basic preprocessing, As well as the 
need for information retrieval technology (such as extraction 
of water, shoreline) and other issues on the demonstration 
study.

Research and development of river and lake 
dynamic monitoring system

Building the overall structure of the system: The 
overall architecture of the system includes information 
storage layer, data processing layer, data access layer and 
application service layer. The information storage layer is 
located at the bottom of the system, mainly in the database 
formats of basic geographic data, census and inspection 
data, hydrometeorological data and planning results data; 
The data processing layer mainly realizes the processing 
function of external remote sensing data, and integrates the 
processing technology of UAV remote sensing information; 
The data access layer mainly realizes the data import library 
and related processing functions, including data input and 

output, vector raster display mapping, vector slice, image 
slice, 3D terrain image slice, etc; The application service 
layer is located at the front end of the system to realize the 
main business and functions of river and lake management, 
including user management, system operation and 
maintenance management, river and lake basic information 
management, river and lake planning management, river and 
lake management and protection information management, 
river and Lake construction project management, river 
and lake illegal activities management, river and lake daily 
inspection management (Figure 2).

Basic functions of development system: On the platform 
of spatial geographic information, UAV monitoring data is 
linked with spatial position to realize basic functions such 
as basic information display, real-time communication, 
hydrological situation calculation and water shoreline 
dynamic identifi cation. Information display directly shows 
the water system, river morphology and water related 
project distribution, supports the query and statistics of 
river and lake or water related project geographic location, 
administrative division, management subject and operation 
status, and supports the production and printing of thematic 
map; Real time communication supports the networking 
operation of mobile communication terminal, including the 
management of data and information through the mobile 
terminal, and the release of management information to the 
mobile terminal; The hydrological situation calculation is 
supported by the spatial geographic information platform, 
which enables the system to support hydrological model 
integration, fl ood risk map making, inundation range 
calculation and disaster situation analysis Survey and other 
work; The dynamic identifi cation of water shoreline is based 
on the management information database of rivers and 
lakes, superimposed with timely updated remote sensing 
image map, and applied image analysis and identifi cation to 
timely detect unauthorized wading behaviors, such as illegal 
wading engineering construction, illegal sand mining, etc., 
and provide early warning and forecasting information.

UAV River Lake
Dynamic

Monitoring
Technology

APP
Development

Integrated
Development

Development of
Dynamic

Monitoring
System for Rivers

and Lakes

Optimization of
Demonstration

Area

Figure 1 Technology roadmap.
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Figure 2 Framework of the system.

Design the business function subsystem of the system: 
In order to meet the demand of dynamic monitoring of 
river and lake shoreline and realize the main task of river 
and lake management, the dynamic monitoring system of 
riv+er and lake management, based on the basic functions, 
designs and develops the business function subsystems of 
basic information of river and lake management, river and 
lake planning and management, daily inspection of river and 
lake, dynamic analysis of water shoreline, auxiliary decision-
making of fl ood control safety, disaster verifi cation, etc. 
Finally, we will develop an app that can take photos and 
upload reports with the function of information release; 
Specifi cation setting and UI design, i.e. visual presentation 
of APP; the framework design of the product includes front-
end and back-end. The front-end needs the corresponding 
design language, which is designed according to the product 
specifi cations. The back-end is responsible for the whole 
business logic and provides the storage and query interface 
for the front-end. Finally, the product is tested to modify 
and optimize after development.

CONCLUDING REMARKS
In order to solve the weak problems of low-level 

construction, information resource decentralization, 
information resources integration and sharing, and 
insuffi  cient coordination ability between business 
systems, the paper builds up a long river management 
information system based on Internet plus, and improves 
basic information and resources sharing, and explores the 
conjunction between advanced technology and river and 
lake system. The river and lake management and protection 

system will truly achieve the informatization of water 
conservancy, and help the accurate supervision of rivers and 
lakes. However, the realization of the overall framework of 
intelligent operation of water conservancy informatization 
is a long process, which needs overall planning and step-
by-step implementation. On the basis of the experience 
that can be popularized in the pilot, the standardization will 
be promoted, and then the optimization and personalized 
customization will be carried out step by step according to 
the characteristics of each application area. In the face of 
long-term river and lake management, the traditional work 
mode is no longer applicable. It drives the work of river and 
lake leader system by information technology, integrates the 
basic information and monitoring data of water conservancy 
and environmental protection departments, provides 
dynamic and real-time query, reporting and management 
services for the public, builds River and lake ecological 
linkage management system, and realizes the wisdom of 
river and lake leader system construction, It is of great 
signifi cance to improve the water management system, 
ensure water safety and build a beautiful China.
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