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1 Introduction
1.1 The purpose and significance of the research
With the continuous improvement of energy policies and the gradual deepening of electricity reform, the diversified role of energy storage in promoting energy reform and the development of energy Internet will be fully reflected. Taking "Internet +" as a means and based on intelligence, by improving the information management and control level of distributed energy storage facilities, network operation management will be realized, which will promote the open sharing and efficient utilization of distributed energy storage resources. At present, the monitoring of the service status of energy storage lithium-ion batteries basically adopts the method of wired connection. The complex and large cable layout has brought great safety hazards. The development of wireless sensing technology for energy storage lithium-ion batteries is definitely the future. trend. In view of the urgent requirements for improving the operation efficiency, safety and stability of energy storage lithium-ion batteries and the controllable requirements for health status, with the continuous development of battery technology, lithium-ion batteries are known for their high energy, long service life and energy storage. The advantages of high density and other advantages have been widely used in civil, military and aerospace fields. However, with the increasing use of lithium-ion batteries, the internal characteristic parameters of the battery are constantly degraded, and sometimes unexpected failures occur, resulting in battery failure. Therefore, studying the state of charge (SOC), state of health (SOH), and remaining life (RUL) of lithium-ion batteries is crucial for monitoring the degradation of battery parameters and diagnosing battery failures.
Since the digital twin was proposed in 2003, with the rapid development of informatization and digital technology, the fields of aviation and workshops have first achieved breakthroughs in the construction of digital twins. The key to digital twins is to construct high-fidelity virtual entities of physical entities based on virtual spaces to simulate behaviors in the real world and feed back corresponding information to predict and optimize future behaviors.
This topic aims to combine Android to realize data acquisition and monitoring control (including data acquisition, data processing, system alarm, control operation and accident recall, etc.), state of health (SOH), remaining life (RUL), state of charge (SOC) management, scheduling management and other functions. The specific platform of digital twin is Android App, through which the data is detected.
1.2 Analysis of research status related to this topic
Foreign countries have started research on battery management very early, so foreign battery management systems have developed relatively well, have been widely used in the consumer market, and have relatively good performance and stability. AC propulsion company developed a battery management system Bat Opt with a distributed structure, and the electric vehicle battery management system developed by Toyota Motor Corporation of Japan is very practical. Other representative companies, such as American Elithion, Australian EV power, and British REAP System, have developed their own battery management products. Foreign universities have also conducted in-depth research on battery management. The battery management system developed by the University of Toledo in the United States is mainly composed of two parts: MCU and EQU (balanced module that balances the charge level between batteries). Compared with the typical battery management system proposed by the University of Toledo in the United States, the battery management system developed by Ajou University in South Korea and the Advanced Engineering Research Institute fully considers the thermal management system, safety device, charging system and communication with the PC. Tesla (Tesla) in the United States has been very successful in the application of electric vehicles, and the Tesla Roadster and Tesla Model S cars developed are the leading brands of electric vehicles. Through its powerful battery management system, Tesla can effectively manage more than 7000 18650 batteries, and it is very safe and reliable in terms of battery thermal management system. In terms of technical achievements, Tesla has applied for more than 140 core patents in areas related to battery management, such as battery cooling, safety, and charge balancing. Therefore, battery management technology is one of Tesla's core competitiveness. At present, most of the foreign battery management uses the master-slave structure, that is, a master control module controls multiple slave modules integrated in the battery pack. This modular structure is not only flexible in design, but also easy to expand.
Scholars all over the world have carried out a lot of research on energy storage planning, energy storage scheduling, and energy storage benefit evaluation. Some consider the influence of the dynamic investment flow of energy storage in the whole life cycle, and propose a multi-functional application demand planning method that considers the dynamic whole life cycle characteristics of the energy storage system. A multi-objective two-step planning scheme for energy storage; some designs a microgrid day-ahead dispatch and energy storage optimal dispatch model considering the randomness of clean energy from an economic point of view; some analyzes the role of energy storage systems in stabilizing clean energy grid-connected fluctuations, and thus the benefits of peak-shaving and valley-filling brought about; some review the important role and business operation mode of energy storage system in the energy Internet from an economic perspective.
In terms of digital twin technology, the term digital twin was proposed by Dr. Grieves in the United States in the PLM course in 2003 and gave a three-dimensional model of digital twin: actual physical products, digital virtual products, virtual and physical product data and information. connect. He emphasized that digital twins can simultaneously observe physical and virtual product information, dynamically track labeled performance parameters, efficiently discover design differences, respond to problems in a timely manner, and make decisions for improvement, thereby realizing product life cycle management. However, limited by the level of information technology at the time, the scope of information collected for physical products in the production process was limited, and some of them depended on manual collection, and the original paper data was difficult to digitize. Digital twins remained in the conceptual stage and did not attract much attention. Until 2010, considering that in the aerospace field, physical systems such as spacecraft work in a distant and incompletely understood space environment, and their physical states cannot be directly viewed; and the cost of single-unit production is expensive, difficult to mass-produce, and repeated trials. and testing. Therefore, NASA in the United States has carried out research on digital twins in the aerospace field, hoping to realize the digital mirroring of physical flight systems, and clearly stated that digital twins are one of the technical challenges in the future aerospace field. In the following years, researchers from NASA and Air Force in the United States have successively carried out digital twin research. For spacecraft, they have given a graphical representation of the digital twin paradigm, and used digital twin technology to effectively design and certify the structure of the aircraft and predict its use. longevity, eliminating accidental cracks and failures, and improving aircraft reliability.
2 Literature Review
2.1 Main documentation
Please see references at the end of the article.
2.2 A review of the literature
2.2.1 About battery energy storage
Diesel and gasoline have been the main fuels used in vehicle engines since the invention of the automobile in 1886. However, the development and progress of the automobile industry has also brought a series of problems, such as high fuel consumption, environmental pollution and so on. The emergence of these problems makes human beings begin to think about saving the ecological environment on which we live, and this kind of thinking poses a serious challenge to the advancement of the automobile industry, thus accelerating the transformation of the global automobile industry. In order to promote the progress of the automobile industry, major automobile companies around the world have begun to research new pollution-free and environmentally friendly vehicles, and at the same time promote electric vehicles and various alternative fuel vehicles [1]. In China, the automobile industry has also ushered in new development and the transition from research and development to industry has begun.
Electric vehicles usually use the on-board power supply as the power source to drive the motor to rotate and drive the wheels to travel. Due to its own characteristics, electric vehicles belong to new energy vehicles. Among them, hybrid electric vehicles, pure electric vehicles, fuel cell electric vehicles, hydrogen engine vehicles and some new energy vehicles (such as dimethyl ether) belong to new energy vehicles [2]. The basic characteristics of three types of electric vehicles, including pure electric vehicles, hybrid electric vehicles and fuel cell electric vehicles, are shown in Table 1 below.


Table 1  Characteristics of three types of electric vehicles
	car type
	pure electric vehicle
	hybrid electric vehicle
	fuel cell electric vehicle

	drive mode
	electric motor
	electric motor, internal combustion engine
	electric motor

	energy source
	battery, capacitor
	batteries, capacitors, internal combustion engine power generation parts
	fuel cell

	infrastructure
	charging pile
	gas station, charging station
	hydrogen, gasoline, ethanol

	main feature
	zero emissions, no dependence on crude oil, high initial cost
	low emission, long battery life, dependent on crude oil, complex structure
	ultra-low emission, high efficiency, immature technology

	problem
	batteries and battery management 
	multi-energy management, optimal control, battery management
	fuel cells, fuel processors, fuel systems


Looking for new and high-quality energy sources and vigorously developing new energy vehicles to replace traditional gasoline vehicles has become an inevitable trend to protect the environment and deal with the decreasing number of non-renewable energy sources. From the perspective of promoting and popularizing the use of new energy vehicles, vigorously promote the use of new energy vehicles in the transportation industry. In China, the development of new energy vehicles can be traced back to the 1970s, and the development of the United States, Japan and other countries is relatively backward. In order to promote the development of new energy vehicles, China has introduced many friendly policies in recent years. In 2014, the government issued the "Announcement on Exemption of New Energy Vehicle Purchase Tax", which provided tax-free concessions for owners of new energy vehicles; 2015 In 2016, "Made in China 2025" pointed out that new energy vehicles will be the vanguard of the automobile industry in the next ten years, and at the same time conducted in-depth discussions on the development strategy and prospects of fuel cell vehicles; "Infrastructure Incentive Policy and Notice on Strengthening the Promotion and Application of New Energy Vehicles" pointed out that the construction of infrastructure plays a vital role in the promotion of new energy vehicles. Therefore, it is urgent to vigorously develop charging devices and promote the popularization of new energy vehicles. The National Development and Reform Commission, the National Energy Administration, etc. jointly issued the "Energy Technology Revolution Innovation Action Plan (2016-2030)", which regards the research and development of hydrogen fuel as an important part of the fuel technology reform, and the hydrogen energy industry has officially become one of China's energy development targets; At the same time, in the "Technical Roadmap for Energy Saving and New Energy Vehicles", the development plan of fuel cell vehicles, especially hydrogen fuel vehicles, was clarified, and the scale and number of fuel vehicles were estimated; Medium- and long-term development plan for the automobile industry, pointing out the great prospects of fuel cell vehicles. According to statistical analysis, from 2017 to the beginning of 2019, the governments and enterprises in Beijing, Shanghai and Anhui successively issued relevant policies and measures to promote the development of new energy vehicles, and at the same time, cooperated with major universities to carry out technical research work to promote energy transformation and technological innovation, with a view to promoting the development of new energy vehicles. Hydrogen fuel cell vehicles are brought to market.
From the perspective of renewable energy power generation system, mainly represented by wind and solar energy, wind-solar distributed generator (DG) technology has received extensive attention due to its advantages of wide energy distribution, relatively perfect technology, and short construction period [4]. In China, wind and solar energy resources are abundant, and wind power and photovoltaic power generation are considerable. However, considering the randomness and volatility of wind energy and solar energy, the uncertainty is obvious. At the same time, wind energy and solar energy can complement each other and cooperate with each other. Therefore, the use of wind-solar integrated power generation can cooperate with each other to reduce the difference caused by fluctuation and randomness, and improve the power grid. The consumption of new energy can promote the safe and stable operation of the system, and at the same time, optimize the dispatching; at the same time, further add energy storage units to the wind and solar system to store electrical energy when there is excess wind; Electric energy is released from the energy storage unit to supply power, which ensures the effective utilization and efficient storage of electric energy on the one hand, and reduces the burden on the grid on the other hand [5]. Therefore, the integrated power generation system of wind, solar and storage, as the structural framework of new energy power generation, has a wide range of uses, especially it can be combined with electric vehicle charging stations [6].
The problems that may arise in the construction of new energy in the power market can be effectively solved by using energy storage technology. If energy storage is combined with new energy, and the characteristics of fast response and two-way regulation of energy storage technology are used, new energy can be adjusted to a certain extent (the degree depends on the capacity and duration of the energy storage system configuration), and the power The forecast coordination enhances the execution ability in the actual operation of the spot market, reducing the loss caused by the deviation between the day-ahead power forecast and the actual operation [7]. In the above process, the energy storage capacity is large, but the occupied electric energy is small, and the energy storage can be used simultaneously to store the energy that cannot be absorbed by the new energy resources or that the flow section cannot bear when the load demand is large, It is issued when the cross-section current is small, so as to increase the electricity price of the node when generating electricity in the time-sharing and partitioned node electricity price mechanism, and at the same time, it can reduce the loss of new energy abandonment.
The characteristics of commonly used power energy storage devices and various energy storage methods are shown in Table 2:
Table 2 Characteristics of electric energy storage devices
	energy storage device
	lead-acid batteries
	lithium iron phosphate battery
	super capacitor
	flywheel energy storage
	superconducting Magnetic Energy Storage

	rated power /kw
	1~50000
	1~100000
	1~100
	5~5000
	10~2000

	cycle life /time 
	75~300
	300~1000
	7000~18000
	180~5000
	1000

	ability conversion rate /%
	60~70
	95
	95
	80~90
	90

	cost of investment
	low
	medium
	high
	medium
	high


It can be seen from the above table that lithium iron phosphate batteries have many advantages, such as high rated power, moderate investment cost, low price, low maintenance, stable voltage characteristics and wide temperature application range, and are widely used in the field of energy storage systems. The energy storage system constructed in this paper uses lithium iron phosphate batteries for energy storage [9].
The total energy E(t) stored in the battery:

is the initial energy stored in the battery,  and   are the battery voltage and current, respectively.
State Of Charge(SOC):

Normally, the battery voltage is maintained within a rated range to protect the battery pack from damage. Therefore, the minimum SOC is obtained when the energy storage is (20%~30%)* and the maximum SOC is obtained at (80%~90%)*.
Battery charging process:

 is the power of the battery at time t;  is the power of the battery at the previous moment; α is the self-discharge rate;  is the charging power;  is the charging efficiency;  is the charging time.
Battery discharge process:

[bookmark: _Hlk99392721] is the power of the battery at time t;  is the power of the battery at the previous moment; α is the self-discharge rate;  is the charging power;  is the charging efficiency; 为 is the charging time [10] .
2.2.2 Energy storage monitoring combined with Android system platform
The network layer in the platform is based on communication means such as wired, wireless, sensor network, Bluetooth and RFID, supports flexible access of local and wide-area information, and realizes real-time transmission of the perception parameters of the physical entity of the Energy Internet. The network layer incorporates the data collected by high-performance electric power sensors or the knowledge acquired from physical objects into the system, which realizes the connection and communication between the physical and virtual entities of the Energy Internet.
The data source of the platform is a variety of sensors, and the data collected by the sensors can periodically send data to the platform through the Modbus protocol, including location information, battery energy storage and collected temperature data [10].
Modbus is a communication protocol published by Modicon in 1979 for its programmable logic controllers (PLCs). Modicon is now owned by Schneider Electric. Modbus provides a common language for devices and devices to communicate with each other.
For example, devices on a Modbus enabled system measure temperature and humidity connected on the same network and communicate the results to a monitoring computer or PLC. As well as the development and updating of the Modbus protocol are managed by the Modbus organization. The Modbus Organization is an association of users and suppliers of Modbus-compliant devices. Modbus allows multiple (about 240) devices to communicate on the same network, for example, a device that measures temperature and humidity and sends the results to a computer. In data acquisition and supervisory control system (SCADA), Modbus is usually used to connect supervisory computer and remote terminal control system (RTU). When communicating on a Modbus network, this protocol determines that each controller needs to know their device address, recognize messages sent by address, and decide what action to take. If a response is required, the controller will generate a feedback message and send it out using the Modbus protocol. On other networks, messages containing the Modbus protocol are converted into the frame or packet structure used on this network. This transformation also extends the method of addressing node addresses, routing paths, and error detection according to the specific network.
Functionally, the platform can provide monitoring personnel with data support and computing support, and can display various data at the front end, and implement specific functions according to actual needs.
2.2.3 Android 
Android was developed by Andy Rubin and others in California in 2003, initially as a platform for creating "smart cameras". Later, due to the rapid development of smartphones, the camera market will be far less than the mobile phone market, so it was acquired by Google for $500 billion in 2005, and then transformed into an operating system for mobile devices, which was officially launched in 2007. The Android system was announced outside, and the Android source code was released in the way of Apache free and open source. Today, after more than ten years of development, the Android ecosystem, which is based on the interdependence of mobile phone manufacturers, developers, and users established by Google, promotes the vigorous development of Android. In the future, Android will continue to be the mainstream of mobile electronic devices.
1. Android system architecture
The system architecture diagram of Android is shown in Figure 1. From the bottom layer to the upper layer, the applications are: Linux kernel layer, class library layer, application framework layer and application layer.
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Figure 1 Android system architecture diagram
(1) Linux kernel layer (Linux Kernel)
Android is developed based on different versions of Linux. The Linux kernel provides underlying drivers for various hardware devices equipped with the Android system: including network card drivers, power drivers, USB drivers, and Bluetooth drivers. At the same time, it provides the basic functions of the operating system such as memory management, process management, file management, and processor management for the Android system.
(2) Class library layer (Libraies)
The class library layer is mainly composed of two parts: the local C/C++ class library and the system runtime environment (ART). The C/C++ class library contains a series of library files written in C/C++, which are further encapsulated by the Application Framework and provided to developers. For example, the SQLite library provides database support, and the Webkit library provides browser support. The system operating environment (ART) includes two parts, the core link library and the Dalvik virtual machine. ART enables each program running on Android to have an instance of the Dalvik virtual machine and run in its own independent process. Dalvik is similar to the Java virtual machine, but compared to the Java virtual machine, Dalvik is an optimized virtual machine that runs on mobile devices, consuming less resources, allowing one device to run multiple programs.
(3) Application Framework (Application Framework)
In order to realize code reuse and simplify the development process, various APIs for application calls are abstracted to form the application framework layer, which is the basis for application software development and operation.
(4) Application layer (Applications)
All programs installed on devices based on the Android operating system belong to the application layer. These programs include the programs that come with the system, such as browsers, emails, calendars, etc., or programs developed by developers, such as the APP developed in this article.
2.2.4 Digital Twin Technology
The "Fourth Industrial Revolution" centered on the deep integration of networking, informatization and intelligence drives the world to accelerate into a digital age characterized by "Internet of Everything". Developed countries such as the United States, Germany, and Japan have put forward development strategies in the digital age. my country has also successively formulated important development strategies for cyber power and digital China, released the Made in China 2025 plan and the Industrial Internet Development Action Plan, and actively promoted advanced digital technologies such as artificial intelligence and 5G. The main basic platform and important focus of the fourth industrial revolution is the Industrial Internet, and the Energy Internet is a model for the Industrial Internet to be implemented in the industry. The new format of energy and power is a powerful measure to realize energy transformation and promote the energy revolution [11].
According to relevant research forecasts, in 2050, Chinese new energy will account for 70% of the installed capacity of power generation; the proportion of electricity in terminal energy consumption will increase from the current 26% to 45%~50%, and Chinese energy development will appear "two 50%", more than half of the energy production and consumption will rely on the power system to complete [12]. At the same time, the energy Internet with electricity as the core includes a variety of energy production, transmission, storage and consumption networks, and the topology changes dynamically, evolving into a giant-dimensional system with complex structure, numerous devices and complex technologies, with typical nonlinear random characteristics. With multi-scale dynamic characteristics, traditional mechanism model analysis and optimization control methods have been difficult to meet the requirements of energy Internet planning and design, monitoring analysis and operation optimization [13].
Since the digital twin was proposed in 2003, due to the limitations of information technology at that time, it was not enough to support its specific implementation and application, and it did not attract much attention at the initial stage. However, with the rapid development of informatization and digital technology, breakthroughs in the construction of digital twins were first achieved in the fields of aviation and workshops, which aroused extensive attention of foreign researchers. It has grown exponentially, reaching as many as hundreds of articles [14]. Moreover, Gartner, the world's most authoritative IT research and consulting firm, has listed digital twins among the "Top Ten Strategic Technology Trends" for three consecutive years (2017-2019). This year, the digital twin-based virtual twin was selected as one of the 10 scientific issues that guide scientific development in 2020 released by the China Association for Science and Technology, which will further promote the engineering application of digital (virtual) twins in various fields in China [15].
At present, digital twin technology has been applied in energy Internet planning, power grid analysis, battery management, etc. Siemens provides specific electrical digital twin services by combining MindSphere with Teamcente® software, Siemens' product data management collaboration tool [16] [17]. GE builds digital wind farm turbines by creating DTs for each device on the Predix platform to optimize maintenance strategies, improve reliability, and increase energy production [18].
Data is the driving force and foundation of intelligent production management and control systems, and the core driving force of digital twins. Based on real physical product data information, digital twins carry out simulation calculations in virtual space to predict and optimize the behavior of production systems in each life cycle stage in real time. Data integration integrates information data and physical data to meet the requirements of consistency and synchronization between information space and physical space, and can provide more accurate and comprehensive full-element/full-process/full-service data support [20]. Data management and sharing technologies mainly include big data technology and platform technology. Big data technology mainly includes data storage technology, data processing technology, data fusion technology, data visualization technology, etc.; platform technology mainly includes data sharing service technology, etc. [21].
The energy Internet digital twin application technology route is mainly implemented from the perception layer, network layer, platform layer, and application layer [22]. The perception layer supports the data collection of physical entities at all levels in the real world of the energy Internet; the network layer and the platform layer jointly support the six connection parts in the transmission interaction; in addition, the platform layer realizes the energy Internet based on advanced technologies such as platform computing and blockchain The management and sharing of data such as digital twin history, real-time and simulation support data sharing and security protection, and provide an energy Internet digital twin construction environment to support virtual space; the application layer supports management modules such as energy power equipment and energy Internet optimized operation. A closed-loop feedback optimization for realizing the digital twin of the energy internet [23].
3 Methods
3.1 Research objectives
Realize data acquisition and monitoring control (including data acquisition, data processing, system alarm, control operation and accident recall, etc.), state of health (SOH), remaining life (RUL), state of charge (SOC) management, scheduling management, etc. functional system.
3.2 Research content
The whole system will study how to monitor the battery operating state quantities (voltage, current, temperature, insulation, etc.) through a certain circuit and program combined with Android, and then realize the analysis and evaluation of the battery state SOX (SOC/SOH/RUL) , a system for balanced management, control, fault alarm, protection and communication management of battery packs (stacks).
3.2.1 Key issues to be solved
The key issues of the entire system design focus on three points:
(1) How to manage the physical energy storage battery cabinet by establishing a virtual twin model through digital twin technology.
(2) How to use digital twin technology to visualize the full life cycle of lithium iron phosphate batteries.
(3) How to reflect the key fault alarm function in the system platform.
3.2.2 The proposed research method and technical route
For the key problems to be solved, the research methods and technical routes I intend to take are as follows:
(1) The physical energy storage battery cabinet can be managed and visualized through Android.
(2) For visualizing the full life cycle of lithium iron phosphate batteries, click and rotate the life cycle label (including: voltage monitoring, current monitoring, temperature monitoring, remaining power estimation, aging degree estimation, overcurrent protection, over discharge protection, charge and discharge control) management, battery information display and interaction, fault alarm, historical data viewing, etc.), dynamic display labels.
(3) The proposed solution to the fault alarm is: through emergency management, the method of warning level management and hierarchical early warning can be adopted to realize block processing of faults at each level.
For APP development, it is planned to use Java to write the entire platform, mainly data interaction parts such as data reception, data analysis, and data transmission.
4 Results
The initial idea of the system is shown in Figure 2:
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Android APP
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Background: Computational Support
Front end: Multifunctional administrator page
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Figure 2  Preliminary assumption of the system platform

In view of the current maturity of IoT technology in this system, it is very necessary to realize safe battery mobile terminal management. The battery internal resistance measurement once a year can basically be done dozens of times a day, and the self-built server or the management method of renting a cloud server can store the battery ohmic resistance, Polarization resistance, voltage, temperature and other characteristic parameters; on the other hand, by developing a battery health judgment model, analyzing the linear data of battery parameters, accurately measuring the actual capacity of the battery, and obtaining a battery health report. By designing a battery operation and maintenance management platform based on the Internet of Things, a one-stop management mode of multiple battery packs can be realized, and the normal monitoring of remote unmanned sites can be realized. There is no need to go to the site for data measurement and analysis. The remote monitoring mode also improves work Efficiency, realize the management of historical data, understand the life cycle of the battery, formulate battery diagnosis report, fault cause and responsibility analysis, which is conducive to formulating a reasonable maintenance plan; multiple alarm modes can formulate different levels of alarms according to different types of faults to facilitate operation and maintenance Personnel make different levels of work response actions to realize the full-life and full-time tracking of the battery pack of the substation DC system.
Expected research outcomes:
① Stable and reliable data collection and monitoring such as temperature and current, visualized battery life cycle
② Multi-functional mobile Android APP and its service platform, data monitoring platform.
When testing the system, it is necessary to collect battery information in different time periods and under different conditions, including charging, discharging, and idle conditions, and share the data through the reading of the mobile APP to analyze whether the data meets the expected results.
5 Evaluation
The schedule is as follows:
I'm going to break the task down into five phases and the whole project will last about four months:
The first stage：find literature and identify topics
Duration: 2022/3/5- 2022/3/15 
The second stage: organize documents
Duration: 2022/03/16- 2022/03/31
The third stage: complete the development of Android APP
Duration: 2022/04/10- 2022/05/20
The fourth stage: test the app and analyze whether the data is as expected
Duration: 2022/05/21- 2022/06/05
The fifth stage: complete thesis writing and revision
Duration: 2022/06/06- 2022/07/01
Gantt chart as shown in Figure 3:

Figure 3 Gantt chart
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