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一、多发脑转移瘤分
割

Background

u Tao Wang, Gexiang Zhang*, Junbo Zhao, Zhengyou He, Jun Wang, Mario J. Pérez-
Jiménez. Fault diagnosis of electric power systems based on fuzzy reasoning spiking 
neural P systems. IEEE Transactions on Power Systems, 2015, 30(3): 1182-1194. 

Membrane Computing (P systems)

Cell-like P system Tissue-like P system Neural-like P system

Memb r a n e  c o m p u t i n g ,  f o r m a l l y 
introduced by Păun, aims at abstracting 
computing models from the structure 
and the functioning of living cells, as 
well as from the way that cells are 
organized in tissues or higher order 
structures.

Gheorghe Păun
Member of Academia 

Europaea & Romanian 
Academy of Science, 

MC, 1998
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Considering attacks

A novel fault diagnosis method of smart 
grids based on memory spiking neural P 

systems considering measurement 
tampering attacks

Applications of membrane computing in fault diagnosis of transmission networks

Applications of spiking neural P systems in fault diagnosis of transmission networks

Considering 
meteorological factorsFault diagnosis

A fault diagnosis method for power 
transmission networks based on spiking 

neural P systems with self-updating rules 
considering biological apoptosis mechanism

A fault diagnosis method considering 
meteorological factors for transmission 

networks based on P systems

Fault diagnosis of transmission networks



Fault diagnosis of transmission networks

Research 1: A fault diagnosis method for power transmission networks based on spiking neural P systems with self-updating 
rules considering biological apoptosis mechanism

attacks
u Wei Liu, Tao Wang*, Tianlei. Zang, Zhu Huang, Jun Wang, Tao Huang, XiaoGuang Wei, Chuan Li. A fault 

diagnosis method for power transmission networks based on spiking neural P systems with self-updating 
rules considering biological apoptosis mechanism. Complexity, 2020, Article ID: 2462647.

a

Flowchart of the proposed srSNPS-based fault diagnosis method
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Fault diagnosis of transmission networks

Research 2: A novel fault diagnosis method of smart grids based on memory spiking neural P systems 
considering measurement tampering attacks

u Tao Wang*, Wei Liu, Luis Valencia-Cabrera, Peng Wang, Xiaoguang Wei, Tianlei Zang. A novel fault 
diagnosis method of smart grids based on memory spiking neural P systems considering measurement 
tampering attacks, Information Sciences, 2022, 596: 520-536. 

Schematic diagram of the proposed method

a



Fault diagnosis of transmission networks

Research 3: A fault diagnosis method considering meteorological factors for transmission networks based on P systems

u Xiaotian Chen, Tao Wang*, Ruixuan Ying, Zhibo Cao. A fault diagnosis method considering meteorological 
factors for transmission networks based on P systems. Entropy, 2021, 23(8), Article ID: 1008.

Sketch map of building process of mleSNPS-based diagnosis model The mleSNPS-based fault diagnosis model of B03



A fault diagnosis method considering weather factor 
for transmission networks based on tissue-like P 

system with cell populations

Applications of membrane computing in fault diagnosis of transmission networks

Applications of Cell-like P systems in fault diagnosis of transmission networks

A fault diagnosis method for power systems 
based on temporal tissue-like P systems

Four types of correlations in TTPS TTPS-based fault diagnosis model of L0203

Framework of fault diagnosis of power system based on TTPS Fault voltage waveform of circuit breaker CB2235IEEE39 node partition results

Fault diagnosis of transmission networks

Diagnostic flow chart



Fault diagnosis of transmission networks

Research 1: A Fault Diagnosis Method for Power Systems Based on Temporal Tissue-like P Systems

u Kequan Zhou, Tao Wang*, Xiaotian Chen, Quanlin Leng. A Fault Diagnosis Method for Power Systems Based on 
Temporal Tissue-like P Systems, Protection and Control of Modern Power Systems, 2023，accept

Framework of fault diagnosis of power system based on TTPS

TTPS-based fault diagnosis model of L1213



Fault diagnosis of transmission networks
Research 2: A fault diagnosis method considering weather factor for transmission networks 

based on tissue-like P system with cell populations

Diagnostic flow chart Fault diagnosis model based on cpTPS



A multi-objective optimization fault diagnosis method for 
power grids based on multi-source information

Applications of membrane computing in fault diagnosis of transmission networks

Applications of membrane optimization algorithms in fault diagnosis of transmission networks

Fault diagnosis for power grids under disaster weather 
based on a random self-regulating algorithm

 Alarm information correction module flow chart

Schematic diagram of the structure of multi-objective spiking neural P systems optimization algorithm

Data restoration graph

Fault diagnosis of transmission networks

We  p r o p o s e  a  n o v e l  f a u l t 
diagnosis method based on a 
random self-regulating algorithm.  
T o  c o m p r e h e n s i v e l y  a n d 
efficiently use the fault alarm 
information, self-test information 
of protection devices and weather 
data ,  three types  of  se l f-
regulating trust factors are 
designed to avoid the subjectivity 
of empirical weights and improve 
the fault tolerance and diagnostic 
accuracy of analytic models.  
Moreover, a bionic self-regulating 
function based on the solution 
and control matrices is proposed 
to establish the random self-
regulating algorithm.

Convergence comparison graph



Fault diagnosis of transmission networks
Research 1: Fault diagnosis for power grids under disaster weather based on a random self-regulating algorithm

Flowchart of random self-regulating algorithm

 Random Self-regulating Algorithm

Convergence comparison graph



Fault diagnosis of transmission networks
Research 2: A multi-objective optimization fault diagnosis method for power grids based on multi-source information

Alarm information correction module flow chart

 Multi-objective spiking neural P systems optimization algorithm

Schematic diagram of the structure of multi-objective 
spiking neural P systems optimization algorithm
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Fault diagnosis of distribution networks
Research 1: A Hierarchical fault location method for distribution networks based on intuitionistic fuzzy spiking neural P systems

We propose a hierarchical fault location method for distribution networks based on intuitionistic fuzzy spiking neural P system. With the continuous expansion of the 

distribution network scale, the goal is to improve the fault tolerance and rapidity of fault location algorithm and simplify the fault location method of distribution 

networks with distributed power supply.

Solution flowchart



Fault diagnosis of distribution networks
Research 1: A Hierarchical fault location method for distribution networks based on intuitionistic fuzzy spiking neural P systems

We propose a hierarchical fault location method for distribution networks based on intuitionistic fuzzy spiking neural P system. With the continuous expansion of the 

distribution network scale, the goal is to improve the fault tolerance and rapidity of fault location algorithm and simplify the fault location method of distribution 

networks with distributed power supply.

Outer equivalent structure

Phase angle variation before and after short circuit 
ground fault current in phase A at node 24

Phase angle variation before and after BC two-phase 
short-circuit fault current at node 24

Fault location model

33-node distribution network structure



Fault diagnosis of distribution networks

Research 2: A fault segment location method for distribution networks based on spiking neural P systems 
and bayesian estimation

u Yi Wang, Tao Wang*, Liyuan Liu. A fault segment location method for distribution networks based on spiking neural P 
systems and Bayesian estimation, Protection and Control of Modern Power Systems, 2023, 8(1), Article ID 47.

a

a



Fault diagnosis of distribution networks

Flow chart of fault location method for 
distribution networks based on SNPSEI 

and Bayesian Estimation

Research 2: A fault segment location method for distribution networks based on spiking neural P systems 
and bayesian estimation

u Yi Wang, Tao Wang*, Liyuan Liu. A fault segment location method for distribution networks based on spiking neural P 
systems and Bayesian estimation, Protection and Control of Modern Power Systems, 2023, 8(1), Article ID 47.

Schematic diagram of single branch network

A universal fault location model of distribution network based on 
SNPSEI

Decoupling into four single branch network schematic

Accuracy simulation results under 100 failures 
of this method

We propose a fault segment location method 
based on spiking neural P systems and 
Bayesian estimation for distribution networks 
with distributed generation. First, the 
decoupled single-branch networks are modeled 
by SNPS with excitatory and inhibitory 
synapses (SNPSEIs) and then their matrix 
reasoning algorithms are employed for 
segment initial localization. After that, if the 
initial localization result set is not empty, 
Bayesian estimation will be used to verify and 
correct the initial localization result; 
otherwise, the contradiction principle will be 
used to identify and correct the distortion 
information and derive the final location 
results.

Simulation 
requireme

nts

Single 
fault 

accuracy

Single fault 
average 

solving time 

Double 
fault 

accuracy 

Double fault 
average 
solution 

time 
Simulation 

results 100% 0.01248s 100% 0.01404s
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Optimal operation of integrated energy systems

ü We propose a novel low-carbon operation optimization method of electric-thermal-gas regional integrated energy systems. To enhance the low-
carbon operation capacity of regional integrated energy systems, a coordinated operation framework is presented, which includes carbon capture 
devices, the power to gas equipment, the combined heat and power equipment, and a multi-energy storage system. To solve the high-dimensional 
constraint imbalance problem in the optimization process, an adaptive single-objective continuous optimization spiking neural P system is designed, 
based on which the low-carbon operation optimization method of regional integrated energy systems is proposed.

Research 1: A Low-carbon Operation Optimization Method of Electric-thermal-gas Regional Integrated Energy Systems Based 
on Adaptive Single-objective Continuous Optimization Spiking Neural P Systems



Algorithms
Natural gas 
purchased 

/kWh

CO2captured/
kg

CO2emissions
/kg

Reutilizationrate of 
CO2 captured /%

Carbon reduction 
capacity ofETG-

RIES/%

Consumption 
rate of wind 

power/%

ASCOSNPS 3754.98 969.80 933.75 4.50% 50.95% 100%

GA 3242.21 1205.13 1174.56 2.99% 50.64% 100%

QPSO 4129.76 548.95 810.77 0.05% 40.37% 87.76%

Framework of electric-thermal-gas regional integrated 
energy system considering carbon capture devices Chemical reaction process of P2G.

Energy dispatch results

Optimization results of ASCOSNPS, GA and QPSO

Optimal operation of integrated energy systems



Optimal operation of integrated energy systems

ü We propose a new energy framework and its corresponding optimization algorithm, in which the carbon storage device is 
added to the framework to consider the deep utilization of CO2, and which considers a multi guidance optimization study of 
integrated regional energy sources in terms of reliability, economy and low carbon dimensions. Finally, the results of the 
analysis show that the proposed method can take into account the multiple characteristics of the target area.

Research 2: Multi guidance operational optimization of regional integrated energy systems considering fault effect propagation



Optimal operation of integrated energy systems

DCU-RIES
An example diagram of fault effect propagation 

of the DCU-RIES

Multi-guidance adaptive variational approach
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Virus machines in power systems

Structure of a Virus Machine

Definition of a basic Virus Machine

u CMC16, Basic Virus Machines, 2015



u Using virus machine to express fault production rules

Virus machines in power systems

How to use the virus machine in power systems? Just an idea ！！！ 

Take a Bus for example:

Fault production rules of a Bus

Fault diagnosis model of bus B1 based on an FRSN P system



Structure diagram of the power system fault production 
rule virus machine model

Virus machines in power system

Fault diagnosis model of bus B1 based on an 
FRSN P system

u Combine the modules of the virus machine: take the output value as the input to the host
u The input is 0 and 1, indicates the closing and opening of protection relays and circuit breakers
u Hosts represent protection relays and circuit breakers



Virus machines in power system

u Is there the possibility of one instruction connecting multiple channels?

Questions:

u Is there the possibility of using directly a binary encoding of the input?

More applications: such as the intelligent operation and maintenance of 
distributed photovoltaic power stations



Thanks for your attention!

wangatao2005@163.com


