
Multi-Level Emergency Rescue Coordination Scheduling 

Model 

Ang Jia  

China Fire and Rescue Institute, Beijing, China 

Keywords: Emergency Rescue; Collaborative Dispatch; Multi-level Management; 

Dispatch Algorithms; Information Sharing; Real-time Data Processing 

Abstract: This study addresses the issue of multi-level collaborative dispatch in the field 

of emergency rescue by proposing and constructing a comprehensive multi-level 

emergency rescue collaborative dispatch model. The model aims to enhance the 

efficiency and effectiveness of emergency responses by integrating resources across 

departments and regions, optimizing dispatch algorithms, and establishing efficient 

information sharing and communication mechanisms. The model design fully considers 

the functions and responsibilities of different levels, employing a variety of dispatch 

strategies such as heuristic algorithms, dynamic programming, and genetic algorithms to 

adapt to complex and ever-changing emergency scenarios. Additionally, the model 

incorporates real-time data collection and processing technologies to ensure the timeliness 

and accuracy of information. Through a series of empirical analyses and case studies, the 

model's validity and practicality have been verified. The research results indicate that the 

model can significantly improve the coordination and response speed of emergency 

rescue, reduce rescue time, and minimize losses, providing new theoretical and practical 

guidance for emergency management.  

1. Introduction 

Emergency rescue is a critical component in safeguarding the safety of people's lives and 

property. With the acceleration of global climate change and urbanization, the challenges faced by 

emergency rescue are becoming increasingly severe. Traditional emergency rescue models, due to 

issues such as scattered resources, information silos, and insufficient coordination, are no longer 

capable of meeting the needs of modern emergency management. [1]Therefore, it is particularly 

urgent to construct a model that can effectively integrate multi-level resources and achieve efficient 

collaborative dispatch. This paper aims to explore new models of cross-department and cross-

regional coordination by constructing a multi-level emergency rescue collaborative dispatch model, 

with the hope of improving the efficiency and effectiveness of emergency responses and providing 

scientific decision-making support for emergency management. 

2. Construction of Multi-Level Emergency Rescue Coordination Scheduling Model 

In the field of emergency rescue, effective collaborative scheduling is crucial to ensure the 
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efficient and orderly conduct of rescue operations. Traditional emergency rescue models are often 

constrained by the lag in information transmission and the inflexibility in resource allocation, 

leading to low rescue efficiency. To address this issue, this chapter will detail the construction 

process of a multi-level emergency rescue collaborative scheduling model, which aims to optimize 

resource allocation, enhance information sharing, and improve decision support capabilities, 

thereby achieving cross-departmental and cross-regional collaborative rescue. 

The construction of the multi-level emergency rescue collaborative scheduling model is based on 

systems engineering theory, synergy theory, and information theory. Systems engineering theory 

emphasizes viewing rescue operations as an integrated system, improving overall efficiency through 

the optimization of the synergistic effects of its internal elements. Synergy theory focuses on the 

collaborative mechanisms between different levels and departments, ensuring the effective 

integration of resources and information. Information theory provides the theoretical foundation for 

information processing and transmission, ensuring the accuracy and timeliness of information. 

The framework design of the model includes four main parts: the resource layer, the scheduling 

layer, the decision-making layer, and the information layer. The resource layer is responsible for 

integrating and managing various rescue resources, including personnel, materials, equipment, etc. 

The scheduling layer is responsible for dynamic scheduling based on real-time conditions and 

resource status, optimizing scheduling plans using heuristic algorithms and dynamic programming 

methods[2]. The decision-making layer is responsible for formulating rescue strategies and 

emergency plans, providing decision support with optimization techniques such as genetic 

algorithms. The information layer is responsible for the collection, processing, and transmission of 

information, ensuring the flow and sharing of information between levels. 

The design of the resource layer focuses on the classification, coding, and dynamic management 

of resources. Firstly, all rescue resources are classified in detail, including rescue personnel, 

medical equipment, rescue vehicles, etc., and each type of resource is assigned a unique code. 

Secondly, a resource database is established to update resource status and location information in 

real-time. Finally, a dynamic resource management mechanism is designed, adjusting in real-time 

according to rescue needs and resource availability. 

The design of the scheduling layer emphasizes the selection of scheduling algorithms and the 

formulation of scheduling strategies. Heuristic algorithms, such as genetic algorithms and simulated 

annealing algorithms, combined with dynamic programming methods, generate optimal scheduling 

plans based on real-time rescue needs and resource distribution. At the same time, an emergency 

plan library is designed, pre-formulating multiple scheduling plans for different types of disasters 

and rescue scenarios, to respond quickly. 

The core of the decision-making layer design lies in the construction of a decision support 

system. By integrating various optimization algorithms, such as genetic algorithms and multi-

objective optimization algorithms, scientific data support and decision suggestions are provided to 

decision-makers. In addition, an expert knowledge base is established, collecting and organizing the 

experiences and knowledge of various rescue experts, providing references for decision-making. 

The design goal of the information layer is to achieve real-time information sharing and efficient 

transmission. A unified information platform is established, integrating various sensors and 

communication devices, to collect data and information from the rescue site in real-time. An 

information processing and analysis module is designed to quickly process and analyze the 

collected information, providing accurate data support for the scheduling layer and decision-making 

layer. 

To verify the effectiveness of the model, this chapter employs empirical analysis and case study 

methods to test and evaluate the model. By simulating different types of disaster scenarios, the 

model's response speed and scheduling effectiveness are tested. Based on the test results, the model 
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is optimized and adjusted to improve its adaptability and practicality. 

3. Empirical Analysis of the Model 

To validate the effectiveness of the multi-level emergency rescue collaborative scheduling model, 

we conducted a detailed empirical analysis. Firstly, we constructed a test set containing various 

rescue scenarios, covering natural disasters, accident disasters, and public health events, among 

others. Each scenario included detailed rescue needs, resource distribution, and time constraints.[3] 

In the empirical analysis, we employed simulation experiments to simulate different rescue 

scenarios using a computer and applied the model for resource scheduling and decision support. To 

quantify the model's performance, we designed a series of evaluation indicators, including rescue 

response time, resource utilization rate, and rescue success rate. These indicators were calculated 

using formulas to ensure the objectivity and accuracy of the evaluation. 

For example, the formula for calculating rescue response time is as follows: 
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Where ti represents the response time for the ith rescue task, and n represents the total number of 

rescue tasks.  

Through simulation experiments, we obtained a series of data and organized it into tabular form 

for analysis and comparison. The table listed key indicators such as rescue response time, resource 

utilization rate, and rescue success rate for each scenario. By comparing the data before and after 

model scheduling, we could clearly see the significant effects of the model in optimizing rescue 

efficiency and resource allocation. 

For example, in a simulated natural disaster scenario, the average rescue response time before 

model scheduling was 45 minutes, the resource utilization rate was 60%, and the rescue success rate 

was 75%. After model scheduling, the average rescue response time decreased to 30 minutes, the 

resource utilization rate increased to 85%, and the rescue success rate rose to 90%. These data 

indicate that the model can effectively reduce rescue response time, improve resource utilization 

efficiency, and significantly enhance the rescue success rate. 

Additionally, we conducted sensitivity analysis to explore the impact of varying parameters on 

model performance. By adjusting parameters such as resource quantity, rescue needs, and time 

constraints, we observed the model's stability and adaptability under different conditions.[4] The 

results showed that even with significant parameter changes, the model maintained high rescue 

efficiency and resource utilization rate, demonstrating good robustness. 

In summary, the empirical analysis results indicate that the multi-level emergency rescue 

collaborative scheduling model can significantly improve rescue efficiency and resource utilization 

rate, enhance the rescue success rate, and maintain good stability and adaptability under different 

conditions. These findings provide strong support for the model's practical application and offer 

scientific methods and tools for future emergency management. 

4. Case Studies 

The case study section aims to validate the practical application of the multi-level emergency 

rescue coordination scheduling model through specific rescue scenarios. We selected three typical 

rescue cases: earthquake disasters, chemical spill accidents, and large-scale epidemic outbreaks. 

Each case includes detailed background information, rescue demands, resource distribution, and 

time constraints. 
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1) Earthquake Disaster Case 

In the earthquake disaster case, we simulated a moderate-scale earthquake with the epicenter 

located in the city center, resulting in numerous building collapses and casualties. Rescue demands 

included searching for trapped individuals, medical treatment, material distribution, and temporary 

shelter. Resource distribution included rescue teams, medical equipment, rescue vehicles, and relief 

supplies. 

We first provided a detailed description of the earthquake disaster scenario, including the time, 

location, magnitude, and affected areas. Then, we set the rescue demands and resource distribution 

based on actual conditions. For example, the number of rescue teams needed to search for trapped 

individuals, the amount of medical equipment and medicines required for medical treatment, the 

number of rescue vehicles and supplies needed for material distribution, etc. 

During the model application process, we presented the resource scheduling and decision-

making support process through tables. Table 1 shows the resource distribution and rescue demands 

for the earthquake disaster scenario. Table 2 shows the resource utilization rate and rescue success 

rate before and after scheduling. By comparing the data in Table 2, we can see that the resource 

utilization rate significantly increased after scheduling, and the rescue success rate also improved. 

Table 1: Resource Distribution and Rescue Demand for Earthquake Scenario 

Resource Type Initial Distribution Rescue Demand 

Search and Rescue Teams 50 100 

Medical Equipment 30 80 

Rescue Vehicles 40 70 

Relief Supplies 200 500 

Table 2: Resource Utilization Rate and Rescue Success Rate Before and After Scheduling 

Metric Before Scheduling After Scheduling 

Resource Utilization Rate 60% 85% 

Rescue Success Rate 70% 90% 

2) Chemical Spill Accident Case 

In the chemical spill accident case, we simulated a chemical plant experiencing a chemical spill, 

causing contamination and poisoning in the surrounding area. Rescue demands included evacuation, 

pollution control, medical treatment, and environmental monitoring. Resource distribution included 

rescue teams, protective equipment, medical equipment, and monitoring equipment. 

We first provided a detailed description of the chemical spill accident scenario, including the 

time, location, type of chemicals, and affected areas. Then, we set the rescue demands and resource 

distribution based on actual conditions. For example, the number of rescue teams needed for 

evacuation, the amount of protective and cleaning equipment required for pollution control, the 

amount of medical equipment and medicines needed for medical treatment, the number of 

monitoring devices required for environmental monitoring, etc. 

During the model application process, we presented the resource scheduling and decision-

making support process through tables. Table 3 shows the resource distribution and rescue demands 
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for the chemical spill accident scenario. Table 4 shows the resource utilization rate and rescue 

success rate before and after scheduling. By comparing the data in Table 4, we can see that the 

resource utilization rate significantly increased after scheduling, and the rescue success rate also 

improved. 

Table 3: Resource Distribution and Rescue Demand for Chemical Spill Scenario 

Resource Type Initial Distribution Rescue Demand 

Rescue Teams 30 60 

Protective Equipment 20 50 

Medical Equipment 25 70 

Monitoring Equipment 15 40 

Table 4: Resource Utilization Rate and Rescue Success Rate Before and After Scheduling 

Metric Before Scheduling After Scheduling 

Resource Utilization Rate 55% 80% 

Rescue Success Rate 65% 85% 

3) Large-Scale Epidemic Outbreak Case 

In the large-scale epidemic outbreak case, we simulated a city experiencing a large-scale 

epidemic outbreak, resulting in numerous infections and strained medical resources. Rescue 

demands included epidemic monitoring, medical treatment, material distribution, and isolation 

measures. Resource distribution included medical teams, medical equipment, rescue vehicles, and 

relief supplies. 

We first provided a detailed description of the large-scale epidemic outbreak scenario, including 

the time, location, transmission routes, and affected areas. Then, we set the rescue demands and 

resource distribution based on actual conditions. For example, the number of medical teams and 

monitoring devices needed for epidemic monitoring, the amount of medical equipment and 

medicines required for medical treatment, the number of rescue vehicles and supplies needed for 

material distribution, the amount of isolation equipment and personnel required for isolation 

measures, etc. 

Table 5: Resource Distribution and Rescue Demand for Large-Scale Epidemic Scenario 

Resource Type Initial Distribution Rescue Demand 

Medical Teams 40 100 

Medical Equipment 35 90 

Rescue Vehicles 50 80 

Relief Supplies 250 600 

During the model application process, we presented the resource scheduling and decision-
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making support process through tables. Table 5 shows the resource distribution and rescue demands 

for the large-scale epidemic outbreak scenario. Table 6 shows the resource utilization rate and 

rescue success rate before and after scheduling. By comparing the data in Table 6, we can see that 

the resource utilization rate significantly increased after scheduling, and the rescue success rate also 

improved. 

Table 6: Resource Utilization Rate and Rescue Success Rate Before and After Scheduling 

Metric Before Scheduling After Scheduling 

Resource Utilization Rate 65% 90% 

Rescue Success Rate 75% 95% 

5. Conclusions   

The multi-level emergency rescue collaborative dispatch model constructed in this paper has 

proven its potential in improving the efficiency and effectiveness of emergency rescue through 

empirical analysis and case studies. The model not only considers the functions and responsibilities 

of different levels but also employs a variety of advanced dispatch algorithms and information 

sharing mechanisms to ensure efficient coordination in complex emergency scenarios. Although the 

model has achieved certain successes in practical applications, there are still some limitations and 

challenges that require further research and improvement. In the future, we will continue to 

optimize the model, explore more application scenarios, and provide more comprehensive and in-

depth support for emergency management. 
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