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1  Introduction

The proposal of the concept of “New Power System” aims to illustrate the transform direction of the traditional power system, acting as the development core of the future new power grid. To achieve this, the proposed strategic targets of “carbon neutralization and carbon peaking” must be implemented and insisted [1]. The core feature of the new power system is that renewable energy plays a leading role and becomes the main source of energy supply, meanwhile, the goal of green energy utilization has also been put forward on the agenda. Green energy utilization includes two aspects, one is the exploitation and promotion of various green energy technologies, and the other is the digitalization of energy management. Under this trend, stochastic and fluctuating energy sources such as wind power and photovoltaic power replace deterministic controllable power sources such as thermal power, bringing challenges to power grid regulation and dispatching, as well as flexible operation. The large-scale integration of renewable energy and increasingly high proportion of power electronic equipment tend to bring about fundamental changes in the operation characteristics, safety control, and production mode of the power system.

In the future, with the rising proportion of renewable energy consumption, a large number of distributed wind and solar power generation units, battery energy storage, and other equipment will emerge in the new power system [2]. Thus, the current power grid tends to transform from different aspects. First, the number of grid nodes will dramatically increase, such that the grid structure will become increasingly large and complex. Besides, the access mode of renewable energy changes the traditional mode of “generation-transmission-transformation-distribution” of traditional power system and also provides the possibility of distributed access on the load side, which makes it possible for the grid scale to explosively expand and the grid nodes to exponentially rise. Moreover, renewable energy power generation is characterized by randomness and intermittency. Therefore, when the proportion of renewable energy increases, frequent load transfer operations in a short time are highly likely to be a common foreseeable scenario in the future [3]. As a result, the system power flow will be redistributed in a short period of time, and some lines and equipment will even be overloaded. In particular, a large number of DC engineering equipment put into operation in the early stage already have a relatively long service life, such that whether they can effectively withstand the overload test is unknown due to their deteriorated performance. Therefore, it is necessary to combine digital technology and artificial intelligence to realize efficient, accurate, and timely perception, and intelligent decision-making of the status of power grid equipment [4], so as to meet the new challenges brought by the operation and maintenance requirements. At the same time, in order to improve the digital transformation of electrical tests under the new power grid and the standards of new products and technologies, various advanced fault tolerant and diagnosis strategies are imperative to ensure the stable, economic, and safe operation of the new power grid.

In general, new power gird owns high proportion of renewable energy and electronic equipment, in which all links of power supply, power grid, load, and energy storage are coupled through power flow and information flow, and interact with the outside world in terms of energy and digital. For such a complex system, the safe and stable operation is a thorny but critical problem, in which the research on fault diagnosis strategy can effectively ensure reliable fault diagnosis and in-depth evaluation, as well as considerably reduce the workload of personnel. The application of situation awareness technology can promote the integration of application functions of various systems of power grid automation, significantly improve the degree of system intelligence, effectively improve the operating efficiency of the entire power system, and ensure the safe and stable operation of the power grid. The powerful state prediction and decision support ability play critical roles in establishing smart grid. Thus, this work aims to briefly review the development status of state perception and fault diagnosis of new power grids, which tends to provide a guidance to promote up-to-date research and inspire promising ideas in related fields.

2  Fault Diagnosis of New Power Grid

With the continuous expansion of the scale of new power systems, especially under the large-scale integration of various renewable energy and power electronic equipment, ensuring the safe and stable operation of future power systems becomes a key issue [5]. In the case of power system accidents, accurate and rapid fault diagnosis is of great significance for power system restoration and power supply reliability improvement.

With the continuous promotion of the new power grid, the automation level of power generation enterprises' equipment has rapidly improved, and the structure has become more precise and complex, upon which a series of new requirements are put forward for fault diagnosis. During the specific engineering application, there are problems such as the diagnosis technology scheme is difficult to match the actual needs and even flawed diagnosis management schemes, which makes it difficult to effectively carry out intelligent fault diagnosis. Therefore, it is of great significance to improve the establishment of fault diagnosis evaluation model and propose the design scheme of the application platform to provide support for fault diagnosis management decision of power equipment in power system. At the same time, the new power system with large-scale renewable energy has employed a large number of new power system equipment, which formed the status of AC and DC coexistence, changed the operation mode of current power system, and blurred the fault characteristics. Hence, huge challenges are faced during the application of existing relay protection technology in new power systems. In the past 10 years, the research on fault diagnosis of power system has received widespread attention over the world [6]. In particular, artificial intelligence technology has been successfully applied to solve the problem of fault diagnosis, such as expert system, fuzzy theory, artificial neural network, random optimization technology, and logic method. In particular, the application of artificial intelligence technology in the fault diagnosis and control process of the new power system can not only improve the accuracy of fault diagnosis, but also enhance the performance of system control, ensure the stable operation of the new power system, and improve the system’s development degree.

Basically, the approaches of artificial intelligence technology in new power system fault diagnosis can be divided into three groups. Firstly, meta-heuristic algorithm, which is an algorithm that searches for the optimal solution by constantly updating and iterating the solutions [7]. It has the advantage of not relying on the accurate system model and has been widely used to solve high-dimensional complex problems. For power system fault diagnosis, meta-heuristic algorithm technology can be used to optimize and improve the fault diagnosis performance in an all-around way. Once a fault occurs in the system, the fault diagnosis task can be converted into an 0-1 type integer programming problem according to the relationship between the fault components and the specific protection actions [8], and the corresponding optimization algorithm can be constructed to effectively deal with the fault problems. For instance, reference [9] proposed an enhanced history driven differential evolution (HDDE) algorithm to realize online fault diagnosis of transmission lines, whose effectiveness has been validated under comprehensive case studies. If the protection software refuses to operate or the circuit breaker refuses to operate in the overall system, it means that the related diagnosis work is very ideal. Meanwhile, during the application of the meta-heuristic algorithm [10], problems should be considered from a global perspective, accurate diagnosis and analysis should be carried out, and appropriate digital models should be reasonably constructed.

The second group is artificial neural network. For its application, it is necessary to combine the characteristics and features of the new power system, obtain the corresponding knowledge points by reasonably setting the form of network language, and then secretly distribute to the network system to obtain the hidden knowledge points [11], such that an accurate memory of power system production can be generated and conveyed to the entire network. Besides, the noises of the system fault data information are removed during the implementation of artificial neural network, then the knowledge points needed in the fault diagnosis process are obtained. In particular, as one of the most important branches of intelligent technology development (i.e., expert system is the third stage of intelligent technology development, and artificial neural network technology is the fourth stage), expert system is also widely used in power system fault diagnosis. Expert system is a diagnostic method that uses computer models supported by expert reasoning methods to solve power system faults. An important feature of diagnosis method based on expert system is to reflect the protective behavior logic, circuit breaker and operation experience based on historical rules when establishing diagnostic analysis library. However, the current expert system based diagnosis methods still have some shortcomings, (a) the complicated process of creating a diagnostic analysis library and the integrity of the analysis library is not checked; (b) accurate information from the fault diagnosis analysis library is hard to acquire and validate; (c) it is difficult to maintain the fault diagnosis analysis library for large expert systems; (d) low reasoning speed of expert system in diagnosing complex faults. Compared with expert system, the diagnosis method based on artificial neural network owns stronger self-learning ability, fault tolerance ability, and robustness. When power system faults occur, different fault information will be generated due to the change of fault mode combination, thus the fault diagnosis problem can be regarded as a pattern recognition problem, which can be handled by the method of artificial neural network. This method is suitable for the cases where the logical representation between the fault type and the signal is complex and the expert experience is not adequate. In literature [12], a new convolutional neural network (CNN) based on LeNet-5 was proposed for fault diagnosis. Based on the conversion method converting signals into two-dimensional (2-D) images, the proposed method can extract the features of the converted 2-D images and eliminate the effect of handcrafted features. At the same time, the data information is transmitted to the system, so that the overall system state is changed, and the fault problems can be quickly removed [13]. Finally, it is necessary to build a corresponding knowledge based system. After the completion of fault diagnosis, the latest fault data information is stored in the system, which can not only quickly update the corresponding data information, but also provide more basis for subsequent fault diagnosis.

The last group is fuzzy logic, which can reduce the occurrence rate of system faults, and accurately analyze and mine potential faults, upon which accurate fault diagnosis results and data information can be obtained [14]. During the application of fuzzy algorithm, experience of fault handling and control is conveyed into the controller as input. On this basis, the corresponding fuzzy controller is studied and developed, such that the adaptability of the technology application is enhanced. Thus, the new power system fault problems can be automatically and intelligently identified, and the potential faults can be comprehensively excavated and cleared [15]. In particular, the accuracy of the detection work can be ensured based on fuzzy logic algorithm, upon which the fault maintenance personnel can more quickly identify and deal with the faults. In reference [16], an intuitionistic fuzzy spiking neural P (IFSNP) system has been developed via the combination of intuitionistic fuzzy logic and original spiking neural P systems. Compared with a common fuzzy set, intuitionistic fuzzy set can more finely describe the uncertainty thanks to its membership and non-membership degrees.

3  State Evaluation of New Power Grid

The remarkable feature of the new power grid is that renewable energy plays a dominant role in the power supply structure. Thus, the distributed generation mode of renewable energy will inevitably lead to the rapid growth of operating equipment in the new power system. Hence, the new power system will change from “source follows load” to the two-way coordination of “source load interaction”. It is crucial to precisely evaluate and perceive the state of massive equipment in the new power system with digital technology.

In particular, with the high proportion of renewable energy access and the rapid development of ultra-high voltage DC, the operation modes and fault patterns of new power grids are becoming increasingly complex. There are strong uncertainties on the generation side and load side. The rapid fluctuation of renewable energy and impact load lead to the rapid change of power grid operation mode under normal conditions, resulting in local fault affecting the overall situation. The existing dispatching monitoring system generally follows the processing mode of the monitoring information by the dispatching automation system, which adopts the direct and original data processing expression mode. Since this method only delivers information directly, the control personnel are submerged by a large amount of data, which is not conducive to effectively dispatching and monitoring the power grid. Hence, it is difficult to determine the cause of the accident in a short time. In addition, dispatching operators own different concerns about the power grid situation in different power grid operation states. Therefore, in the new power system environment, the state evaluation and perception technology own a solid data and technical foundation, but at the same time, how to deal with the strong uncertainty of the actual power grid, the overall fault, and the difference in the focus of the situation needs further research.

The status of power grid equipment is related to the safe and stable operation of the whole system, and the status recognition of power grid equipment under the new power system will face tests and requirements from reliability, accuracy, timeliness, and intelligence [17]. In order to realize the status evaluation and intelligent decision-making of electrical equipment in each link of the source network load storage, and solve the security problems caused by large-scale new energy access, an important prerequisite is the accurate measurement of equipment status. In other words, the acquisition and accumulation of basic data related to equipment status is the foundation [18]. After the construction of new power system, on the one hand, it is critical to determine how the state data of the original equipment can be accurately measured in the increasingly complex electrical environment; on the other hand, how to solve the deficiency that effective state measurement means are insufficient for a large number of power electronic equipment brought by the renewable energy access.

Firstly, the accurate measurement of the original equipment status data needs to be investigated [19]. At present, the equipment status is mainly determined by manually conducting live tests after the power grid equipment is detected as abnormal, whose fineness of this information collection method still has a lot of room for improvement. During the construction of the new power system, the total number of equipment will considerably increases and the layout tends to be more compact, thus the measurement difficulty is further increased and the real-time requirements for equipment status acquisition are gradually improved [20]. Therefore, it is necessary to study the intelligentization of measurement means, in which one of the directions is utilizing robots to replace manual work. In the future, robot technology exploration can be extended to other key equipment to achieve 24-hour real-time measurement of equipment status data. Through improving the intelligent level of operation and maintenance, the safety risks faced by personnel during on-site working can be effectively reduced. To exploit the monitoring approaches of power equipment status via the Internet of Things, literature [21] integrated work practice to analyze the data information, tasks, and technical methods of power equipment status monitoring, conducted detailed research on primary equipment and secondary equipment, and formulated the power equipment status information monitoring strategy and method based on the Internet of things.

In addition, it is necessary to solve the problem of state data collection of power electronic equipment [22]. The control of the system equipment level faces the challenges of high concurrency analysis and calculation caused by the expansion of power grid [23], as well as the high real-time analysis and calculation caused by explosive growth of system nodes and the complex system characteristics such as harmonics and overload. In response to this challenge, the integration of technologies in the fields of computer, information technology, and artificial intelligence with traditional electrical technologies can form a new intelligent method system to solve practical problems.

4  Conclusion

Under the targets of “carbon neutralization and carbon peaking”, the construction of the new power grid is an inevitable trend in the upgrading and development of traditional power grids. Compared with the traditional power grid, the new power grid owns higher requirements for flexibility, controllability, safety, and stability, and thus faces great challenges in ensuring the reliable operation of power equipment. At the same time, the new power grid is influenced by the randomness, volatility, and intermittency characteristics of renewable energy, such that its system regulation resource demand is large. Thus, major challenges in continuous and reliable power supply, power grid security and stability, and power generation are generated. Therefore, it is necessary to realize efficient, accurate, and timely state perception and intelligent decision-making of the power grid operation status, thus improving the real-time information acquisition and analysis capabilities, and enhancing the regulatory decision-making capabilities. At the same time, the development and application of advanced fault diagnosis strategies can not only effectively diagnose faults, but also intelligently and automatically control the system to improve the stability and reliability of the operation of the new power grid. As key technical supports, fault diagnosis and state perception will significantly improve the transparency level of the new power grid and ensure its safe operation after a high proportion of renewable energy integration. This work aims to analyze the main challenges that are encountered in the field of fault diagnosis and state evaluation of new power grid, and highlight the current state of technologies and applications. Hopefully, this review can act as one guidebook to encourage original contributions regarding promising developments in suitable technologies, ideas, and solutions for related research fields.
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