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Abstract 
 

Typhoon disasters pose severe challenges to the safe and stable operation of integrated energy systems. Traditional single 
energy regulation models are difficult to cope with the dynamic uncertainties in multi-energy flow coupled systems. In this 
study, a regulation method based on multi-agent collaborative optimization is proposed to achieve the dynamic balance of 
the electricity-gas-thermal multi-energy system under typhoon events by constructing a distributed decision-making 
framework. Experiments show that in the simulated line fault scenario caused by a typhoon, multi-agent cooperative 
regulation reduces the average voltage deviation of key nodes from 0.17 p.u. to 0.05 p.u., verifying the effect of the 
cooperative strategy on improving voltage stability. For the extreme scenario of a 24-hour continuous typhoon, this method 
improves the power supply reliability of the system from 82.3% to 95.6%, and the renewable energy consumption rate by 
20.7 percentage points (from 68.5% to 89.2%). At the same time, through multi-energy complementation and demand-side 
response, comprehensive operating costs are reduced by 21.1%. Iterative analysis reveals that the five types of agents exhibit 
significant differentiation characteristics in the regulation process. Notably, the peak regulation amount of the S3 agent 
reaches 38 units, and the system prediction error MAE (Mean Absolute Error) remains stable at below 0.08 after 20 iterations. 
The load fluctuation experiment further shows that collaborative optimization can narrow the normalized load fluctuation 
range to ± 0.15 and increase the unit load resource utilization rate by 12%, confirming the rapid convergence ability and 
dynamic balance advantages of this method under extreme disasters. 
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1. Introduction 

Typhoons are among the most destructive natural disasters in 

the world, and their strong winds, rainstorms, and secondary 

disasters pose severe challenges to the safe and stable 

operation of energy systems.[1,2] By virtue of the combined 

effect of strong wind, rainstorm and storm surge, typhoon has 

a multi-dimensional impact on the whole chain of power 

generation, transmission and consumption of the integrated 

energy system. Its impact mechanism mainly focuses on the 

three core issues of equipment failure, network congestion and 

load mutation: in terms of equipment failure, strong wind can 

cause the wind turbine unit to break, photovoltaic module to 

be damaged, rainstorm can cause water accumulation in the 

thermal power plant, resulting in insulation failure, 

transmission line icing and collapse, tower toppling, outdoor 

energy storage cabin short circuit, and emergency generator 

can not be started due to water ingress; In terms of network 

congestion, strong wind may blow down foreign matters and 

hit the gas pipeline, resulting in a sharp drop in pressure. 

rainstorm will wash out the oil and gas transmission pipeline 

network, submerge the power substation, and interrupt the 

energy transmission channel; In terms of sudden load changes, 

power outages caused by typhoons can lead to a sharp increase 

in emergency lighting, temporary communication equipment, 

drainage pumps, and other loads. At the same time, industrial 

and commercial production loads are significantly reduced 

due to production shutdowns, resulting in an imbalance 

between load supply and demand, ultimately posing a threat to 

the safe and stable operation of the system. In response to 

typhoon events, the traditional single-energy system's 

independent regulation mode has many shortcomings in 

1#State Grid Shanghai Municipal Electric Power Company, Shanghai, 

200122, China 
2#Northeast Electric Power University, Jilin, 132012, China 
3China Electric Power Research Institute, Beijing, 100192, China 
4School of Information Engineering, Nanchang University, 

Nanchang, 330031, China 

https://www.espublisher.com/


Research article                                                                                                                                                                                Engineered Science 

 

2 | Eng. Sci., 2025, 38, 1901                                                                                                                                                                  Engineered Science Publisher 

complex dynamic environments, such as uncertain output of 

renewable energy, complex energy interactions, and 

difficulties in multi-objective optimization. The integrated 

energy multi-agent collaborative optimization regulation 

method can effectively improve the reliability, economy, and 

environmental friendliness of the energy system.[3-5] The 

integrated energy system offers a new technical path for 

enhancing the reliability and flexibility of energy supply by 

coupling multiple energy flows, such as electricity, gas, heat, 

and cold. However, its multi-energy complementary 

characteristics also present key issues, including the 

superposition of multi-source uncertainty and difficulties in 

cross-domain collaboration during typhoon situations.[6] In 

this context, achieving dynamic balance and rapid recovery of 

the integrated energy system during a typhoon event through 

a multi-agent collaborative optimization control method has 

become a pressing scientific problem in the field of energy 

system resilience construction. 

As a distributed autonomous decision-making framework, 

a multi-agent system can effectively cope with the challenges 

of scattered information, diverse decision-making subjects, 

and dynamic environment changes in complex systems 

through cooperation among multiple agents with perception, 

communication, and decision-making capabilities. In the 

integrated energy system, each energy subsystem or key node 

can be regarded as an agent with independent optimization 

objectives, which achieves global coordination through local 

observation and interaction, thereby maintaining the overall 

stability of the system under uncertain conditions caused by 

typhoons.[7] Compared to the centralized control method, 

multi-agent collaborative optimization can reduce the 

computational burden of the central controller, improve the 

system's response speed to local faults, and enhance overall 

robustness through a distributed decision mechanism.[8,9] 

However, when dealing with extreme events such as typhoons, 

the existing research mostly focuses on emergency 

dispatching or static risk assessment of a single energy form, 

lacking the deep integration of multi-energy flow coupling 

dynamic characteristics and multi-agent interaction 

mechanism, especially in the scenario of time-varying 

typhoon intensity and significant spatial heterogeneity of 

disaster impact, the design of collaborative strategy among 

agents still faces many theoretical gaps and technical 

bottlenecks.[10] 

The suddenness and destructiveness of typhoon events lead 

to high nonlinearity and strong uncertainty in the operating 

environment of energy systems, making it difficult for 

traditional static optimization models based on historical data 

to accurately describe the real-time risk dynamics during 

typhoon evolution.[11,12] The multi-agent collaborative 

optimization control method needs to comprehensively 

consider multi-dimensional factors such as energy network 

topology, user demand response characteristics, 

spatiotemporal law of disaster propagation, and multi-energy 

flow coupling constraints, and dynamically adjust the 

operating parameters of key links such as power generation 

dispatching, load distribution, energy storage charging and 

discharging, and multi-energy conversion through information 

sharing and strategy iteration among agents.[13] In this process, 

the agent's decision-making not only depends on local 

observation information but also requires sensing the state 

changes of neighboring agents through the communication 

mechanism, and then forming a collaborative regulation 

strategy that considers both local interests and global 

optimality.[14] In addition, energy system regulation in typhoon 

scenarios also needs to strike a balance between safety and 

economic considerations. While ensuring power supply to 

critical loads, it also minimizes energy supply interruption 

losses and system recovery costs. This hinders the negotiation 

mechanism between multi-agents, and the optimization 

algorithm design imposes higher requirements. 

In view of the above challenges, this study is devoted to 

exploring the comprehensive energy multi-agent collaborative 

optimization control method for typhoon events. By 

constructing a multi-agent distributed decision-making 

framework, the dynamic response law of a multi-energy flow 

coupling system under extreme disaster conditions is revealed, 

and a collaborative optimization strategy that considers real-

time and robustness is proposed. The research will focus on 

the interaction mode between agents, the information 

transmission mechanisms, and adaptive decision-making 

methods in uncertain environments, aiming to provide 

theoretical support and technical solutions for enhancing the 

resilience level of integrated energy systems in extreme events, 

such as typhoons. Through the innovative application of multi-

agent collaborative optimization control methods, it is 

expected to achieve rapid recovery and efficient operation of 

the energy system following typhoons, thereby laying a 

scientific foundation for the construction of highly resilient, 

comprehensive energy networks in the future. 

 

2. Theoretical basis of multi-agent collaborative 

optimization control under typhoon disturbance 

2.1 Integrated energy system 
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Faced with the challenges of excessive carbon emissions and 

the integration of new energy grids, regional integrated energy 

systems (RIES) offer solutions through multi-energy 

collaborative optimization.[15,16] Based on the concept of 

energy cascade utilization, the system is equipped with a 

variety of energy carriers and establishes a multi-energy 

complementary supply system, including cold, heat, electricity, 

and gas. This optimizes energy efficiency, improves the 

utilization of renewable energy, and reduces carbon emissions. 

The RIES architecture centers on the power system as its 

core, integrating wind energy, solar energy, natural gas, and 

other energy sources, and combining the thermal system with 

the gas network to form an integrated energy supply system.[17] 

It consists of three main parts: the energy input part, which is 

mainly composed of wind power generation and solar panels; 

The energy conversion center uses gas engine, electro-thermal 

converter and electricity-to-gas technology to realize the 

conversion between different energy forms; And energy 

storage and buffer part, including battery pack, thermal energy 

storage and hydrogen storage facility, for regulating energy 

and ensuring the balance between energy supply and 

demand.[18] The energy network dynamically matches the risk 

of equipment failure through the correlation function of "wind 

speed equipment failure rate", based on three levels: wind 

speed below the sensitivity threshold, between the sensitivity 

and extreme tolerance thresholds, and reaching the extreme 

tolerance value. Different equipment thresholds are calibrated 

based on historical data; The load model introduces a typhoon 

warning demand response coefficient, combined with the 

flexibility of warning levels and load types, to achieve non 

essential load reduction and transferable load spatiotemporal 

adjustment. At the same time, the system constraint 

boundaries are updated accordingly, incorporating device 

capacity attenuation, network topology changes, and adjusted 

load demands to form a quantitative constraint framework. 

The technological innovation of this system is reflected in 

three levels: first, it integrates carbon capture and hydrogen 

fuel cells to form a clean energy chain; Secondly, power-to-

gas technology is used to convert excess electricity into 

storable gas to solve the instability of new energy; Finally, an 

energy cascade utilization model is constructed to improve the 

overall energy efficiency, which is significantly superior to the 

traditional model.[19,20] This design reduces energy bills and 

provides a technical example for the construction of low-

carbon energy infrastructure.[21] The comprehensive energy 

model framework structure of the system is shown in Fig. 1. 

 

 
Fig. 1: Framework structure of integrated energy system model. 
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2.2 Definition of typhoon disaster concept 

A typhoon is a strong tropical cyclone formed in the tropical 

ocean (sea temperature ≥ 26 ℃). According to the maximum 

wind force in the center, it can be divided into tropical 

depression, tropical storm, severe tropical storm and typhoon. 

Located on the northwest Pacific coast, China is one of the 

countries most seriously affected by typhoons in the world. 

There are about 27 typhoons every year, of which about a 

quarter will affect China's coastal provinces (such as Hainan, 

Fujian, Guangdong, Guangxi, etc.). 

A typhoon disaster is a compound meteorological disaster 

formed by the interaction of natural disaster factors, such as 

strong winds, rainstorms, and storm surges, with the human 

social system. It has the characteristics of a wide influence 

range, numerous secondary disasters, and strong destructive 

power.[22,23] The severity of the disaster depends not only on the 

intensity and path of the typhoon itself, but also closely related 

to social vulnerability factors such as population density, 

economic structure, and infrastructure resilience in the 

affected area. 

From the perspective of disaster economics, although 

typhoons bring casualties, property losses and ecological 

damage, they also have certain resource attributes, such as 

alleviating drought and replenishing water resources. 

However, at the level of safe operation of the energy system, 

a typhoon is mainly regarded as a highly destructive extreme 

weather event, and its chain impact on multi-energy flow 

coupling systems, such as electricity, gas, and heat, is 

particularly prominent. It is urgent to improve system 

resilience through coordinated regulation.[24-26] 

 

2.3 Multi-agent system 

A Multi-Agent System (MAS) is a distributed computing 

framework composed of multiple agents with autonomous 

perception, communication, and decision-making capabilities. 

It is suitable for dealing with complex system optimization 

problems involving scattered information, a dynamic 

environment, and heterogeneous agents.[27-30] In the context of 

integrated energy systems, MAS facilitates the organic 

combination of local optimization and global coordination by 

modelling energy subsystems or key nodes, such as electricity, 

gas, and heat, as intelligent agents. It is especially suitable for 

multi-energy flow systems under extreme events, such as 

typhoons, for dynamic regulation and control.[31] 

Compared with traditional centralized control, MAS shows 

significant advantages in dealing with typhoon disasters: its 

distributed architecture can avoid single-point failure and 

improve system robustness; The local decision-making ability 

of the agent can speed up the response to fault events; Through 

the communication and negotiation mechanism between 

agents, complementary coordination across energy forms can 

be achieved, and overall resilience can be enhanced.[32] To 

further improve resource efficiency, event-triggered control is 

introduced into the MAS collaborative process, enabling 

agents to communicate and update policies only when the 

system state deviates from a predefined threshold, thereby 

ensuring optimal performance while minimizing redundant 

interactions. 

Based on the MAS framework, this article constructs a 

collaborative control system that includes hazard factors, 

hazard bearing entities, decision support, and early warning 

evaluation entities.[33] The system achieves the recognition and 

inference of typhoon disaster chains, real-time perception of 

operational status, and generates and evaluates multi-objective 

optimization strategies through hierarchical collaboration and 

information fusion among intelligent agents. It provides 

guarantees for the rapid recovery and stable operation of 

integrated energy systems under extreme weather conditions, 

as well as distributed decision support. Among them, the 

information exchange between intelligent agents follows a 

specific protocol: when the typhoon intensity exceeds the 

preset threshold, the real-time data collected by the perception 

layer device will be converted into a unified format according 

to standardized specifications, and time stamps, device 

numbers, and credibility ratings will be attached; The risk 

factor agent synchronously transmits standardized data to the 

disaster bearing agent and decision support agent through the 

MQTT protocol. The disaster bearing agent provides short-

term feedback to receive confirmation, while the decision 

support agent sends back preliminary risk assessment results 

through the WebSocket protocol, forming a closed-loop 

interaction to ensure information synchronization.[34] 

This paper constructs a closed-loop error tracking system 

for the consistency tracking problem of heterogeneous 

nonlinear multi-agent systems, and derives the consistency 

conditions using the Lyapunov Krasovskii function. A design 

strategy for the gain matrix of the consistency controller is 

proposed. This strategy ensures that in the collaborative 

control system, even if there are heterogeneous and nonlinear 

characteristics among various agents, they can achieve 

consistent tracking of their states, providing a stable control 

foundation for hierarchical collaboration; At the same time, in 

order to improve the efficiency of system operation, an event 

triggered control strategy is introduced, which determines the 

timing of sampling and control updates based on preset event 

triggering conditions. When the system state approaches 

equilibrium, meaningless repeated sampling is not performed 

if the triggering conditions are not met, effectively reducing 
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the amount of data transmission and computing resource 

consumption, and further adapting to the dual requirements of 

real-time and economy of comprehensive energy systems in 

typhoon emergency scenarios. Introduce time-delay 

parameters and construct Lyapunov Krasovskii candidate 

functions containing system state variables and time-delay 

state integral terms, ensuring that the functions satisfy positive 

definite conditions; Subsequently, the derivative of the 

candidate function is calculated along the system trajectory, 

combined with the typhoon disturbance boundary conditions 

and multi-agent consensus protocol, and the derivative 

expression is simplified using tools such as matrix inequality 

transformation and Schur complement lemma; Finally, 

sufficient conditions are derived to make the derivative 

negative definite, verifying the asymptotic stability of the 

system's coordinated control under the influence of typhoon 

disturbance and time lag, and completing the derivation of the 

function core.[35] 

 

3. Construction of a typhoon event-driven multi-agent 

collaborative optimization regulation model for integrated 

energy 

3.1 Integrated energy multi-agent network construction 

and social network analysis 

This study first processes the data of energy multi-agents and 

extracts geographic information from them. Then, based on 

the geographic information, a regional association data matrix 

is constructed. The matrix contains a total of 398, 652, 1247 

and 2214 contact pairs, respectively. After completing the 

classification assignment of energy multi-agents, we calculate 

the connection strength between each node according to Eq. 

(1). 

𝑇𝑖𝑗 = ∑

𝑛=1
𝑚

𝑉𝑖𝑓 × 𝑉𝑗𝑓 
(1) 

Tij represents the connection strength between cities i and 

j; m is the number of energy multi-agents shared by cities i and 

j; Vif and Vjf represent the score of firm f in cities i and j, 

respectively. 

Social network analysis (SNA) aims to analyze the 

network structure and node relationship, so as to reveal the 

difference between the overall network state and node status. 

In this study, we use network density and average path length 

to characterize the structure and evolution characteristics of 

energy multi-agent networks, and use weighted centrality to 

characterize node characteristics. Specifically, network 

density measures the tightness of connections between cities 

in an enterprise network, and its calculation Eq. (2) is as 

follows: 

𝐷𝑛 =
𝐿

[𝑛(𝑛 − 1)]
 (2) 

Dn represents the density of the energy multi-agent network, 

L is the actual number of contacts within the network, and n 

represents the total number of cities. Network density ranges 

from 0 to 1, with values close to 1 indicating a dense network 

and values close to 0 indicating a sparse network. 

The average path length is used to measure network 

transmission efficiency and reflect connectivity. A short path 

indicates good connectivity, while a long path indicates poor 

connectivity. The calculation process is shown in Eq. (3). 

𝐿 =
1

𝑛(𝑛 − 1)
∑
𝑖≠𝑗

𝑑𝑖𝑗 (3) 

where L represents the average shortest path length of the 

energy multi-agent network, n is the number of cities, and dij 

is the path distance from city i to city j. 

The weighted centrality evaluates the importance of 

network nodes. The larger the value, the stronger the linkage 

ability of the nodes, and the more core the city is in the 

network. In directed networks, it is divided into weighted out 

degrees and weighted in degrees. Weighted out degree 

measures urban radiation, and weighted in degree measures 

urban attractiveness and cohesion. The calculation is shown in 

Eq. (4)-(6): 

𝐶𝐷𝑖 = 𝐶𝐷𝑖(𝑖𝑛) + 𝐶𝐷𝑖(𝑜𝑢𝑡) (4) 

𝐶𝐷𝑖(𝑖𝑛) = ∑

𝑗=1
𝑛

𝑊𝑖𝑗𝑟𝑖𝑗(𝑖𝑛) 
(5) 

𝐶𝐷𝑖(𝑜𝑢𝑡) = ∑

𝑗=1
𝑛

𝑊𝑖𝑗𝑟𝑖𝑗(𝑜𝑢𝑡) 
(6) 

CDi represents the weighted degree centrality of city node i, 

and CDi(in) and CDi(out) represent the weighted point-in 

degree and weighted point-out degree of city node i 

respectively; Wij is the weight of the edge between city node i 

and city node j; rij is the number of inter-city edges; n is the 

total number of nodes within the network. 

Intermediary centrality reflects the control power of a city as 

an intermediary in the energy multi-agent network. The higher 

its value, the stronger the control ability of the city over the 

enterprise connections between other cities. The calculation 

Eq. (7) is as follows: 

𝐶𝐵(𝑖) = ∑

𝑗=1;𝑘=1;𝑗≠𝑘≠𝑖
𝑛 𝑁𝑗𝑘(𝑖)

𝑁𝑗𝑘
 (7) 

Njk represents the number of shortest paths between city 

nodes j and k in the enterprise network; Njk(i) denotes the 

number of nodes in cities i and k through which these paths 

pass. 
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Efficiency correction formula for core energy equipment 

under different typhoon conditions (variables calibrated 

according to typhoon level): For wind turbines, between rated 

wind speed (12-15m/s) and cut-out wind speed (25-30m/s), 

ηwind=ηw0[1-α₁(v-vrated)²/(vcut-vrated)²](ηw0=0.85-0.92,α₁=0.8-

1.2), when the cut-out wind speed exceeds the threshold, 

ηwind=0, and wind direction correction is added, ηdir=1-

β₁sin²θ(β₁=0.05-0.12). The total comprehensive 

ηwind=ηwind×ηdir; Photovoltaic modules, when the wind speed 

is ≤ 25m/s, ηpv=ηp0e(-γ₁v)(1-δ₁r1.5)(ηp0=0.18-0.25, γ₁=0.015-

0.03, δ₁=0.002-0.005), and when the wind speed exceeds 

25m/s, ηpv=0.3; When the wind speed of the energy storage 

inverter is ≤ 30m/s and the rainfall is ≤ 50mm/h, ηess=ηe0[1-

ε₁(v0.8+r0.5)](ηe0=0.93-0.97, ε₁=0.001-0.003), and when this 

condition is exceeded, ηess=0.65. 

Real time collection of typhoon parameters by various 

device agents, inputting them into corresponding correction 

formulas to calculate dynamic efficiency, and transmitting 

efficiency data to the control agent; The regulation agent aims 

to balance regional energy supply and demand and ensure safe 

operation of equipment. It constructs an optimization 

objective function with modified efficiency constraints and 

generates regulation strategies through distributed iteration of 

multi-agent systems. At the same time, each device agent 

dynamically updates the efficiency correction value and model 

optimization parameters based on the feedback of regulation 

instructions, forming a closed-loop integrated mechanism of 

"parameter collection efficiency correction model 

optimization instruction execution feedback update" to 

improve the accuracy and response speed of comprehensive 

energy system regulation during typhoons. 

As the core carrier of energy cascade utilization and multi 

energy complementarity in integrated energy systems, the 

modeling of multi energy coupling equipment needs to start 

from the energy conversion mechanism, reveal the inherent 

coupling law between input and output energy flow, and 

incorporate dynamic characteristic constraints under extreme 

working conditions. The electrical thermal coupling 

characteristics of gas turbines are reflected as follows: taking 

natural gas chemical energy as input, synchronously 

outputting electrical energy and waste heat energy through 

combustion power generation process. The output relationship 

between the two is determined by energy conservation and 

equipment operating efficiency - power generation efficiency 

dominates the proportion of electrical energy conversion, 

while waste heat recovery efficiency affects the scale of 

thermal energy output. This coupling relationship dynamically 

changes with load rate. Under extreme conditions such as 

typhoons, environmental parameter fluctuations will further 

cause the efficiency curve to shift, and its nonlinear  

characteristics need to be reflected through a working 

condition correction mechanism. The thermal cooling 

coupling of lithium bromide absorption refrigeration machine 

is essentially the energy quality conversion driven by thermal 

energy. Its core is the dependence of refrigeration coefficient 

on heat source parameters and environmental conditions: 

thermal energy input is converted into cold energy output 

through thermal cycle, while the high temperature and high 

humidity environment during typhoons will reduce the cycle 

thermal efficiency, causing the refrigeration coefficient to 

exhibit attenuation characteristics. At the same time, the cold 

energy output needs to be constrained by the 

minimum/maximum output determined by the physical 

performance of the equipment, forming boundary conditions 

for thermal cooling conversion. The electric gas coupling of 

electric to gas conversion equipment is based on the energy 

conversion logic of electrolysis reaction. The input of electric 

energy is converted into natural gas chemical energy through 

electrochemical process, and its conversion efficiency 

depends not only on the performance of the equipment itself, 

but also on the stability of the input electric power. The grid 

fluctuations caused by typhoons may lead to instability of the 

electrolysis process, so power mutation rate constraints need 

to be included in the model to reflect the dynamic safety 

boundary of electric to gas conversion. The above device 

model provides underlying theoretical support for multi-agent 

collaborative optimization and control in typhoon scenarios by 

quantifying the physical laws of energy flow coupling and the 

constraint mechanism under extreme working conditions, 

ensuring that each subject can accurately grasp the feasibility 

and economic boundaries of multi energy flow conversion in 

the decision-making process. 

The power network takes the balance of active and reactive 

power at each node as its core element. In addition to 

integrating the output of distributed power sources such as 

photovoltaics and wind power, the charging and discharging 

capacity of energy storage equipment, and local power loads, 

it also converts the energy of the gas network into electrical 

energy through the power generation of gas turbines, thereby 

achieving power transfer between the electricity and gas 

networks. The key point of the gas network is the balance of 

gas flow at each node. While meeting its own gas load and the 

filling and discharging needs of gas storage equipment, the gas 

consumption of gas turbines is used to reverse the energy 

demand of the power network, thereby forming a closed-loop 

system of energy interaction between the two. The thermal 

network revolves around the balance of heat flow at each node. 

On the one hand, waste heat utilization equipment is used to 

recover the waste heat generated during the gas turbine power 
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generation process and convert it into heat energy. On the other 

hand, electric boilers consume electrical energy to achieve 

heating, and energy transfer channels for electric thermal and 

gas thermal networks are constructed separately. Ultimately, 

the three major networks form a collaborative and 

complementary energy flow system by leveraging the energy 

conversion and demand reception of core devices. 

 

3.2 Multi-agent collaborative optimization model 

In the model constructed in this study, agents are divided into 

five categories: interface agent, hazard factor agent, disaster-

bearing agent, decision support agent and early warning 

evaluation agent. These five types of agents constitute five 

functional layers, which are connected through event 

mechanisms to form a loosely coupled open framework 

system. Interface agent displays prediction results and 

evaluation; Disaster-bearing agent and database form a 

disaster information management platform; The core business 

consists of a disaster agent layer, a disaster-bearing agent layer 

and a database to realize the coupling prediction of multiple 

disasters in the disaster chain; The decision support layer 

provides two kinds of decision support tools, including the 

timing control agent at the system level and the encapsulation 

decision algorithm tool; The evaluation agent is customized 

according to the needs, and mainly evaluates the early warning 

indicators of natural disasters, including casualties, economic 

losses and environmental damage. The multi-agent 

collaborative optimization model is shown in Fig. 2. The 

typhoon specific sub objective is to minimize the loss of load 

to ensure critical load power supply, maximize the reliability 

of emergency power supply, and strengthen the continuous 

supply of emergency power. Multiple typical scenarios 

containing weak, strong, and super typhoons are generated 

through Monte Carlo simulation or K-means clustering to 

characterize the uncertainty of typhoons such as equipment 

failure probability, load fluctuation, and renewable energy 

output impact. Multiple scenario objectives are integrated with 

scenario probability as weights to form a stochastic 

programming model; Clarify the roles of intelligent agents 

such as power grid, gas grid, energy storage, and emergency 

response, and implement a collaborative process of "global 

coordination agent releases goals - each agent solves sub 

problems - consistency algorithm eliminates conflicts" to 

achieve global optimization under constraints such as multi 

energy balance and resource scheduling, providing resilience 

control solutions for comprehensive energy systems to cope 

with typhoons. 

Agents interact to realize communication. The interface 

agent inputs catastrophic parameters, activates the 

catastrophic agent, and feeds back the features to the user; 

Disaster agent and disaster-bearing agent cooperate to 

simulate disaster chain; During prediction, the agent makes a 

request to the decision support agent to complete the 

prediction together; The disaster-bearing agent manages the 

database status; Assessment agents assess disaster impacts and 

display early warnings through interface agents. 

 

 

Fig. 2: Model implementation framework. 
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The objective function of comprehensive energy multi-

agent collaborative optimization under typhoon events is 

constructed around "safety economy environmental 

protection": the safety objective focuses on reducing 

operational deviations of key nodes, improving power supply 

reliability, and reducing load outage losses; The economic 

objective aims to minimize the comprehensive operating costs 

including fuel, electricity purchase, and emergency 

maintenance costs, while taking into account demand response 

benefits; The core of environmental protection goals is to 

improve the consumption rate of renewable energy, and the 

three types of goals are integrated into a single objective 

optimization model through typhoon risk weight coefficients 

and weighted sum method. The key constraint conditions 

include: multi energy flow power balance constraint, which 

needs to be combined with the fluctuation of new energy 

output caused by typhoons, and maintain the balance of 

electricity, heat, and gas rates through source grid load storage 

interaction; Equipment operation constraints, clarifying the 

operating limits of wind power, energy storage, traditional 

units and other equipment; Safe operation constraints ensure 

stable grid voltage, control interruptible load shedding, and 

meet energy network safety limits. At the same time, event 

triggering mechanisms are used to reduce redundant 

interactions, and distributed optimization algorithms are used 

to achieve iterative convergence and ensure stable system 

operation. 

 

3.3 Negotiation strategy among multiple agents and 

distributed optimization algorithm embedding 

In the typhoon event-driven, integrated energy, multi-agent 

collaborative optimization and control scenario, the 

negotiation strategy between multiple agents must combine 

the dynamic characteristics of typhoon disasters with the 

operating constraints of integrated energy systems to establish 

a distributed decision-making mechanism with anti-

interference capabilities. Firstly, based on the weighted 

centrality and intermediary centrality of nodes in social 

network analysis, core agents in the network are identified. 

These core agents lead the initiation of negotiations and 

conflict coordination, and the communication complexity of 

large-scale agent networks is reduced through a hierarchical 

negotiation strategy. During the negotiation process, an 

information interaction mechanism based on event triggering 

is introduced. When the typhoon disturbance causes the 

deviation between energy supply and demand to exceed the 

preset threshold, real-time data sharing between agents is 

triggered to prevent the unnecessary consumption of 

communication resources. To address the heterogeneity of 

different types of agents, a multi-attribute negotiation protocol 

is designed to transform energy supply reliability, economy, 

disaster risk, and other indicators into a unified utility function. 

The Pareto optimal negotiation solution is then solved using 

the Nash bargaining model. In the Nash bargaining model for 

comprehensive energy under typhoons, the utility functions of 

three types of intelligent agents revolve around "profit minus 

cost": the supply side utility is the sum of electricity sales 

revenue and reserve subsidies, minus the cost and transmission 

losses adjusted due to the decrease in typhoon output; The 

utility of the storage side is to save money by charging during 

low periods and earn money by discharging during high 

periods or typhoons, minus the additional costs of equipment 

maintenance and emergency adjustments; The utility on the 

demand side is the benefit of meeting electricity demand, 

minus the cost of purchasing electricity and the loss of 

coordinating the regulation of less electricity consumption. 

The embedding of a distributed optimization algorithm 

requires solving the dynamic coupling and real-time 

requirements of a multi-agent system in a typhoon scenario. 

Based on the consensus algorithm theory, the traditional event 

triggering mechanism is enhanced, and adaptive triggering 

conditions integrating typhoon warning levels are designed. 

When the typhoon intensity level increases, the condition 

monitoring period for event triggering is automatically 

shortened, thereby improving the algorithm's response speed 

to extreme working conditions. Aiming at the mixed integer 

nonlinear characteristics of an integrated energy system, the 

alternating direction multiplier method (ADMM) is used for 

distributed optimization decomposition, and the global 

regulation objective is disassembled into local sub-problems 

of each agent, and the sub-problems are solved collaboratively 

by iterative update of dual variables. At the same time, the 

robust optimization concept is introduced to address the 

uncertainty in typhoon parameters, and a risk penalty term is 

added to the objective function. The convergence of the 

algorithm under parameter perturbation is then proved using 

Lyapunov-Krasovskii stability theory. By embedding the 

gradient information of the utility function into the negotiation 

strategy during the iterative process of the optimization 

algorithm, dynamic matching between negotiation outcomes 

and optimization variables was achieved, ultimately realizing 

the goals of multi-agent collaborative decision-making and 

global optimization under typhoon disturbances. 

 

3.4 Dynamic update of model parameters 

Using the functions of attribute extraction, regional statistics 

and raster calculation of ArcGIS, the risk weighting coefficient 

of the area where the demand point is located can be calculated. 
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Using the data, this study divides the use types into 

impermeable surface and non-impermeable surface, and 

calculates the risk coefficient: extracting these two types in the 

demand area, and calculating the risk index according to the 

disaster risk level and land use proportion; Different weights 

are assigned to these two types of land, and the risk weights of 

demand points are obtained by weighting calculation. The 

calculation model is shown in Eq. (8), where qi is the hazard 

index of the impermeable surface in the demand area and kqi is 

its weight; gi is the hazard index of the non-impervious surface 

in the demand area, and kgi is its weight; Di is the risk weight 

coefficient of demand region i. 

𝐷𝑖 = 𝑘𝑞𝑖 ⋅ 𝑞𝑖 + 𝑘𝑔𝑖 ⋅ 𝑔𝑖 (8) 

Use EXCEL, ArcGIS and other tools to analyze the data, 

and calculate the results. In the analysis, the influence of 

population and economy on demand is considered, and the 

demand coefficient is calculated instead of the exact demand. 

In Eq. (9), Fi represents the demand coefficient of demand 

region i, pi and ei are the demand population index and 

economic index respectively, and kpi and kei are their weights. 

𝐹𝑖 = 𝑘𝑒𝑖 ⋅ 𝑒𝑖 + 𝑘𝑝𝑖 ⋅𝑖 (9) 

Determine the population index of i in the city according 

to the number of inhabitants and the proportion of the 

population in the demand area i. The population index is high, 

and the demand for emergency supplies is large. Eq. (10) 

shows that pi is the population index of demand region i, pi' is 

the demand population of i, and ∑  N
n=1 pi' is the total demand 

population. 

𝑝𝑖 =
𝑝𝑖 ′

𝛴𝑖=1
𝐼 𝑝𝑖 ′

 (10) 

The economic index shows the economic importance of the 

demand area, and the greater the value, the more serious the 

damage during the disaster. In Eq. (11), ei is the economic 

index of demand region i, ei' is the average GDP per land, and 

ei'min and ei'max are the minimum and maximum values of ei', 

respectively. 

𝑒𝑖 = 0.5 +
𝑒𝑖 ′ − 𝑒𝑖 ′𝑚𝑖𝑛

𝑒𝑖 ′𝑚𝑎𝑥 − 𝑒𝑖 ′𝑚𝑖𝑛
 (11) 

After obtaining the risk weight coefficient Di and the demand 

weight coefficient Fi, the emergency weight coefficient can be 

calculated according to the index weight method, as shown in 

Eq. (12). Among them, Wi is the contingency weight 

coefficient, Di is the risk weight coefficient, and kDi is its 

weight; Fi is the demand weight coefficient and kFi is its 

weight. 

𝑊𝑖 = 𝑘𝐷𝑖 ⋅ 𝐷𝑖 + 𝑘𝐹𝑖 ⋅ 𝐹𝑖 (12) 

The coupling logic of "urban form energy demand" 

constitutes the core framework of demand side analysis, and 

its mechanism of action is reflected in the quantitative driving 

of energy demand by key indicators of urban form: firstly, the 

proportion of impermeable surfaces affects the cooling load 

intensity by regulating the regional microclimate - in high 

proportion areas, due to the enhanced heat island effect, the 

cooling demand significantly increases before and after 

typhoon passage (especially during high-temperature periods 

of sinking airflow), while in low proportion areas, the load 

fluctuation is smoother due to the thermal regulation effect of 

green spaces and water bodies; Secondly, the proportion of 

non impermeable surfaces affects the output of renewable 

energy by changing the efficiency of photovoltaic radiation 

reception - high proportion areas (such as open roofs and green 

spaces) have higher potential for photovoltaic utilization, 

which can reduce the dependence of energy demand on 

conventional energy, especially when energy supply is tight 

due to typhoons; Thirdly, population density and economic 

level jointly determine the priority weight of emergency 

energy use - rigid energy use in densely populated areas (such 

as residential areas and medical facilities) and key production 

energy use in economic core areas (such as industrial parks 

and commercial hubs) constitute the priority judgment criteria 

for multi-agent energy allocation. 

Based on the above coupling logic, a "demand side feature 

regulation strategy" mapping model is constructed to 

transform the derived features of urban form into quantifiable 

parameters for optimizing the model: using the proportion of 

impermeable surfaces as a load forecasting correction factor, 

dynamically calibrating the cooling load forecasting results of 

different regions, and correcting the forecasting bias caused by 

microclimate differences; Using population density as the 

priority coefficient for multi energy collaborative energy 

supply, giving higher weight to high population density areas 

in energy dispatch constraints to ensure core energy demand; 

At the same time, the proportion of non impermeable surfaces 

and economic level are respectively used as the correction 

term for renewable energy output prediction and the 

adjustment term for emergency energy weight. The multi-

agent optimization objective function is embedded to clarify 

the transmission path of each parameter from feature 

extraction to regulation decision-making, achieving deep 

coupling of urban form, energy demand and regulation 

strategy, and improving the optimization efficiency and 

emergency support capability of the comprehensive energy 

system in typhoon scenarios. 

 

4. Experiment 
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4.1 Example background and parameter settings 

This study takes a typical industrial park along the coast as an 

example area. The park covers multiple industries such as 

manufacturing and research and development, and its energy 

demand presents a coupled characteristic of "electricity gas 

heat". During the typhoon season (July September), it often 

faces the risk of energy supply interruption caused by extreme 

weather, which is typical for conducting comprehensive 

energy regulation research. The energy network topology 

adopts a collaborative architecture of "IEEE 33 node 

distribution network+7-node natural gas pipeline network": 

the IEEE 33 node distribution network includes 32 feeders, 1 

balancing node, and 32 load nodes, with a rated voltage of 

12.66 kV, covering more than 90% of the power load in the 

park; The 7-node natural gas pipeline network includes 5 main 

pipelines, 2 gas source nodes (connecting the city gate station 

and LNG emergency storage station respectively), and 5 gas 

consumption nodes (corresponding to gas turbines, industrial 

boilers, and other equipment). The pipeline network is 

designed with a pressure of 4.0MPa to meet the gas supply 

needs of the park. The core equipment parameters are 

determined based on the measured data of mainstream 

commercial equipment in China, including three gas turbines 

with a rated power of 10MW (power generation efficiency of 

38%, waste heat recovery efficiency of 85%), two sets of 

20MWh/10MW lithium-ion battery energy storage systems 

(charge and discharge efficiency of 92%, deep discharge 

threshold of 20%), and one 5MW electric heating boiler 

(heating efficiency of 95%). 

Scenario design is divided into benchmark scenario and 

typhoon scenario: In the benchmark scenario (no typhoon), the 

load data is based on the actual monitoring data of the non 

typhoon season of this type of park for 30 consecutive days in 

2023 (peak power load of 28MW, valley value of 12MW, peak 

gas load of 1500m ³/h, valley value of 800m ³/h), and the 

meteorological data is taken from the self built meteorological 

station in the park (daily average wind speed of 2.5m/s, daily 

average temperature of 26 ℃), simulating normal operating 

conditions; Typhoon scenarios are classified into three wind 

speed levels (10-12, 13-15, 16 and above) according to the 

"Tropical Cyclone Classification". Meteorological data is 

sourced from the historical typhoon dataset publicly available 

by the China Meteorological Administration (such as hourly 

wind speed and rainfall data during typical typhoons). Load 

data is adjusted based on the production adjustment rules of 

the park during typhoons (industrial load drops to 70% of 

normal level during 10-12 levels, and only 2MW emergency 

load is retained during shutdown at 16 levels and above), while 

considering the impact of typhoons on distributed 

photovoltaics (output reduction of 30% -80%) and 

transmission lines (possible tripping above 13 levels). 

The simulation tool selected is MATLAB R2023a 

combined with YALMIP toolbox. The former supports 

efficient numerical calculation and visualization, while the 

latter is convenient for interfacing with CPLEX and other 

solvers to handle constraint conditions; The solving algorithm 

adopts an improved NSGA-II (Non-dominated Sorting 

Genetic Algorithm II), and the parameter settings have been  

 

 

Fig. 3: S1 and S2 resource utilization rates of different models under different styles. 
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verified to be reasonable: population size of 100 (balancing 

efficiency and solution diversity), maximum iteration times of 

200 (convergence error<1% after iteration), crossover 

probability of 0.8 (ensuring gene exchange), and mutation 

probability of 0.05 (maintaining diversity). This configuration 

is in the multi-objective optimization of "economy reliability 

environmental protection", which can control the duration of 

a single simulation within 30 minutes and obtain a uniformly 

distributed Pareto optimal solution, meeting the needs of 

comprehensive energy multi-agent collaborative regulation 

under typhoons. 

 

4.2 Experimental results and analysis 

Fig. 3 (a) shows the average resource utilization rates of S1 

and S2 under K1-K3 conditions for adaptive style, fixed small 

style, and fixed large style during typhoon response. In S1, the 

utilization rate of fixed large style under K1 reaches 100%; In 

S2, the adaptive style utilization rate exceeds 95% in K1, 

while the fixed small style is only about 60% in K2. Fig.3 (b) 

shows the F1 scores of multiple models with Alpha parameters 

ranging from 0.1 to 0.4 and Temperature parameters of 10, 20, 

and 30. In the Alpha parameter experiment, Model 4 

performed better when the F1 score reached around 0.8 at 

Alpha values of 0.3 and 0.4; In the temperature parameter 

experiment, Model 5 showed good performance with an F1 

score close to 0.8 at a temperature of 30. 

Fig. 4 shows the three-dimensional path of integrated 

energy multi-agent collaborative optimization regulation of 

seven models in response to typhoon events. The horizontal 

axis x, vertical axis y and vertical axis z represent different 

dimensional parameters respectively. The path of each model 

is different, which is obvious in the interval of x about 5-7, y 

about 300-800, and z about 1.0-4.5, reflecting the difference 

of regulation strategies of different models. 

Table 1 shows that in the simulated line fault scenario 

caused by typhoon, the voltage deviation of key nodes is large 

(average 0.17 p.u.) due to the independent response of each 

energy subsystem in conventional regulation; Multi-agent 

collaborative regulation dynamically adjusts the output and 

load demand of distributed power generation through the real-

time interaction of source-grid-load-storage, significantly 

reducing the node voltage fluctuation, and the average 

deviation is reduced to 0.05 p.u., which verifies the effect of 

collaborative strategy on improving voltage stability. 

 

Table 1: Comparison of voltage deviation of key nodes under 

different control strategies. 

Regulation strategy Node 

1 

Node 

5 

Node 

10 

Mean 

deviation 

(p.u.) 

Routine regulation 0.12 0.18 0.21 0.17 

Multi-agent 

collaborative 

regulation 

0.03 0.05 0.06 0.05 

 

Fig. 5 shows three ways to deal with typhoon events, with 

time (hours) on the horizontal axis and quantity on the vertical 

axis. Method 1 has a concentrated variation in quantity at 

about 12-14 hours; Method 2 quantity distribution is relatively 

scattered; Method 3 The quantity fluctuates frequently in each 

period. These data reflect the differences in the performance 

of different methods during typhoons. 

Fig.6 shows the relevant indicators changing with time (0-

5 days) under the two parameter settings of Λ = 1 and Λ = 2  

 

 
Fig. 4: Comparison of comprehensive energy multi-agent collaborative optimization control paths for typhoon events under different 

models. 
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Fig. 5: Variation of comprehensive energy-related quantity over time during typhoon under different methods. 

 

 

Fig. 6: Changes of key indicators of comprehensive energy during typhoon under different parameters. 

 

Table 2: Operational benefits of integrated energy system under multi-agent collaborative control. 

Index Routine regulation Multi-agent collaborative regulation Lift rate 

System power supply reliability (%) 82.3 95.6 16.00% 

Renewable energy consumption rate (%) 68.5 89.2 21.70% 

Comprehensive operating cost (yuan) 12,450 9,820 -21.10% 

 

when dealing with typhoon events. The curves represent 

different models or parameters, and the scatter points are test 

data. It can be seen that with the passage of time, the index 

value shows a downward trend, and there are differences in the 

change rate under different Λ values. 

Table 2 shows that for the extreme scenario of a typhoon 

lasting for 24 hours, multi-agent collaborative regulation 

improves power supply reliability by 16.0%, renewable 

energy consumption rate by 21.7%, and reduces reserve 

capacity redundancy through multi-energy complementation 

and demand-side response. Combined with wind and light 

abandonment losses, the comprehensive operating cost is 

reduced by 21.1%, reflecting the economic and reliability 

advantages of collaborative optimization in typhoon events. 

Fig. 7 shows the variation curve of a certain value of 

comprehensive energy with offset z under the experiment of 

detectable ratios (20%, 10% and 60%, 15%) of two different 

models. It can be seen that with the increase of offset, the value 

gradually increases, and the corresponding curves of different 

detectable proportions are obviously different, which can 

reflect the positive influence of model detection ability on 

regulation. 

Fig. 8 shows the variation in average time to completion 

for Models 1-6 under Iteration S1-S4. The completion time of  
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Fig. 7: Variation of comprehensive energy correlation values with offset under model detectable scale. 

 

 

Fig. 8: Completion time performance of different models for integrated energy multi-agent collaborative optimization regulation 

under typhoon events. 

 

 

Fig. 9: Curves of test accuracy of four methods with training rounds under different Γ values. 
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each model in S1 and S2 decreases with iteration, while S3 

and S4 show different fluctuation trends. For example, the 

completion time of Model 4 in S3 fluctuates between 6000 and 

7000, reflecting the performance differences of different 

models in regulation. 

Fig. 9 shows how the test accuracy of the four methods 

(Method 1-Method 4) changes with training rounds when Γ is 

0.1 and 0.2, respectively. When Γ = 0.1, the test accuracy of 

Method 3 rises rapidly and finally stabilizes at a high level, 

close to 1.0; Method 2 is volatile. When Γ = 0.2, Method 3 still 

performs well, and the accuracy of other methods fluctuates to 

varying degrees. The experimental data reflect the 

performance differences of different methods at different Γ 

values. 

The left diagram in Fig. 10 shows the normalized load 

fluctuation curve within the typhoon impact period (8 days) 

under the three scenarios S1, S2 and S3. It can be seen that the 

load fluctuation range is significantly narrowed to ± 0. 15 after 

S3 regulation, which verifies the effect of collaborative 

optimization on improving system stability. The scatter plot on 

the right presents the mapping relationship between unit load 

and utilization rate. The S2 scenario achieves a utilization rate 

of 0.85 at 150-unit load, an increase of 12% compared with S1, 

indicating that the agent collaborative strategy can effectively 

optimize resource scheduling efficiency and provide energy 

during typhoon. Provide technical support for balance 

between supply and demand. 

Fig. 11 shows the changes in the power of each part of the 

comprehensive energy and the Total power (Total) at different 

times when dealing with typhoon events. From the time span 

of 0-800 seconds, multiple power curves are intertwined. 

Taking P2-power and P1-power as examples, the power 

fluctuates significantly in some periods, such as around 500-

600 seconds, each power component changes significantly, 

and the total power curve also fluctuates accordingly, 

reflecting the dynamic response characteristics of the 

integrated energy system under typhoon. 

Fig. 12 shows the dynamic response characteristics of key 

performance indicators of multi energy flow system 

collaborative regulation during the iteration process in the 

typhoon disaster scenario. Combined with the functional 

positioning of five types of intelligent agents (S1-S5) in the 

typhoon "warning outbreak retreat" stage, the dynamic 

adaptability of their regulation mechanism can be analyzed. 

The upper left subgraph shows that during the warning stage 

(early stage of iteration), the peak regulation amount of S3 

(emergency energy supply intelligent agent) reaches 38 units 

to ensure critical loads, while the regulation amount of S1-S2 

(conventional energy dispatch intelligent agent) and S4-S5 

(load side response intelligent agent) is relatively low; During 

the outbreak phase (mid iteration), S1-S2 enhances the 

regulation intensity, S4-S5 assists in load balancing, and the 

regulation volume of the three types of intelligent agents 

increases in synergy; In the fading stage (later stage of 

iteration), after three strategy adjustments (1 → 2, 2 → 3), all 

intelligent agents' control quantities converged, and S3 fell 

first; The MAE index (prediction error) in the upper right 

 

 

Fig. 10: Analysis of multi-agent regulation performance of integrated energy system during typhoon. 
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Fig. 11: Changes of comprehensive energy power in response to typhoon events. 

 

Fig. 12: Evolution analysis of collaborative optimization control performance of multi-agent system in response to typhoon events. 

 

subgraph are mains stable below 0.08 after 20 iterations, 

verifying the self optimization ability of prediction accuracy; 

In the lower left graph, the Ts index fluctuates during the initial 

iteration (5-15 times) due to energy supply interruptions, 

gradually approaching the expected threshold of 10 units; The 

Mp index (regulation stability) in the lower right graph 

showed a peak fluctuation of 23% during the middle of the 

iteration (30-40 times), but it quickly recovered without 

causing system instability; These data validate the 

effectiveness of the proposed method, and the five types of 

intelligent agents can achieve differentiated coordination and 

convergence of control quantities through dynamic adjustment 

of functions. The system's key indicators perform well, 

proving its ability to quickly converge and dynamically 

balance in extreme disaster scenarios, providing a guarantee 

for the safe operation of multi energy flow systems during 

disasters. 
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5. Conclusion 

In view of the impact of typhoon disasters on the integrated 

energy system, this study proposes a regulation method based 

on multi-agent collaborative optimization, which enables the 

dynamic balance and rapid recovery of the multi-energy flow 

system through a distributed decision-making framework. At 

the theoretical level, a hierarchical collaborative model 

comprising five types of agents, including interface agents and 

hazard factor agents, is constructed. Combined with weighted 

centrality and intermediary centrality indexes in social 

network analysis, an adaptive trigger mechanism that 

integrates typhoon warning levels is designed. In the method 

innovation, the alternating direction multiplier method is 

employed to decompose the global optimization problem, and 

robust optimization is introduced to address the uncertainty of 

typhoon parameters. The convergence of the algorithm is 

proved by Lyapunov-Krasovskii stability theory. 

Experimental verification demonstrates that this method 

significantly enhances system performance in extreme 

typhoon scenarios. 

In the simulated line fault scenario, multi-agent 

cooperative regulation reduces the average voltage deviation 

of key nodes from 0.17 p.u. to 0.05 p.u., and the deviation 

optimization range of node 10 reaches 71.4%, which verifies 

the improvement effect of cooperative strategy on voltage 

stability. 

In view of the 24-hour continuous typhoon scenario, 

coordinated regulation and control increased the system power 

supply reliability from 82.3% to 95.6% (an increase of 16.0%), 

and the renewable energy consumption rate increased by 20.7 

percentage points to 89.2%. At the same time, the 

comprehensive operating cost was reduced by 21.1%, 

resulting in a savings of 2,630 yuan, which reflects the 

economic advantages of multi-energy complementarity. 

Through iterative optimization analysis, it is found that the 

regulation amount of agent S3 converges from the peak value 

of 38 units to the steady state after three strategy adjustments, 

the system prediction error MAE stabilizes below 0.08 after 

20 iterations, and the power fluctuation is controlled within 

23% during 30-40 iterations, indicating that the algorithm has 

the ability of rapid response and dynamic balance. 

Through theoretical modelling and experimental analysis, 

this study reveals the optimization potential of a multi-agent 

collaboration mechanism under typhoon disasters, providing 

key technical support for enhancing the resilience of 

integrated energy systems. Future research focus breakthrough 

direction: Building a dynamic perception model that integrates 

typhoon characteristics and multi energy flow laws to achieve 

accurate pre disaster prediction, innovating a multi-agent 

layered collaborative framework to solve information 

synchronization and conflict problems, optimizing the multi-

agent adaptive learning mechanism to improve real-time 

scheduling in extreme scenarios, establishing a "pre disaster 

mid disaster post disaster" full cycle optimization system, 

combining cross regional interconnection and energy storage 

collaboration, and balancing system resilience and cost-

effectiveness through efficient algorithms. 
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