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Abstract: To address the lack of integrated system applications in decision-support tasks and enhance the emergency response 
capabilities of airport authorities, this study analyzes the requirements and functionalities based on the Unified Modeling 
Language (UML) system analysis approach, tailored to the practical needs of emergency management. The system's functional 
modules and database were designed, and a decision-support engine combining "knowledge reasoning + text generation" was 
implemented. The resulting decision-support system for airport emergency incident management holds significant value for 
improving the development of airport emergency response frameworks and advancing informatization efforts. 
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1. Introduction 
Emergency management is a critical component of the 

national security framework, responsible for risk warning and 
response, safeguarding national security, and serving as a key 
aspect of national governance [1]. Emergency plans, which 
encompass policies, procedures, and regulations for 
emergency response, provide an overarching depiction of 
emergency management [2]. They are essential for risk 
prevention, crisis mitigation, and serve as a fundamental pillar 
of the emergency management system [3]. Effective 
emergency plans can minimize the escalation of incidents and 
reduce potential losses caused by accidents [4]. 

As a key research topic within emergency plans, decision 
support for incident management has gained significant 
attention in recent years. Leveraging computer technology to 
provide decision support for emergency response has become 
a prevailing trend. With the continued expansion of airport 
operations, the complexity and diversity of emergencies have 
also increased. Efficient and reliable emergency handling has 
become a primary objective in emergency management and a 
focal concern for airport authorities. In the context of airport 
emergency scenarios, rapid, accurate, and reasonable 
decision-making is fundamental for managing incidents. 
Employing decision-support tools can enhance the capacity to 
address emergencies, minimize their impact, and ensure the 
orderly operation of airports. 

To integrate decision-support tools systematically, this 
study adopts the Unified Modeling Language (UML) [5] 
approach for system analysis. It focuses on system analysis, 
design, and implementation to develop a decision-support 
system for airport emergency incident management. By 
offering an intuitive and user-friendly interface, the system 
significantly reduces the expertise required for decision-
making and improves response efficiency. 

2. System Analysis 

2.1. Overall System Architecture Analysis 
When an airport emergency management authority 

expresses the need for the system, specific user and 
administrator accounts are issued, and the system software is 

installed. The airport emergency incident management 
decision support system is primarily divided into two 
subsystems: the frontend user subsystem and the backend 
management subsystem. Both subsystems are accessible to 
the deploying organization.  The frontend user subsystem is 
exclusively available to users with valid accounts, providing 
a range of services, including comprehensive decision-
support workflows. In contrast, the backend management 
subsystem is accessible only to administrators and offers a 
complete set of backend management functionalities for the 
deploying organization. Each subsystem has distinct 
functional modules. The frontend user subsystem includes 
account self-management, case demonstration, decision 
support, and performance evaluation. The backend 
management subsystem includes case management, user 
management, and decision-support engine management. The 
overall system architecture is shown in Figure 1.  

2.2. System Requirements Analysis 
2.2.1. Overview of System Requirements 

Based on the overall system architecture and the practical 
needs of emergency incident management, the system 
requirements are summarized. It is important to note that, 
under this system design framework, both "administrators" 
and "users" can be staff members from the system's deploying 
organization. Each subsystem has its own account, and staff 
can access different subsystems by using different accounts. 
The main requirements for the system are as follows: 

(1) Frontend User Subsystem Requirements: 
1)View information and search cases in the case library; 
2)Self-management of user information (including login, 

registration, and information modification); 
3)Emergency incident management decision support 

(including filling out event information forms, using 
knowledge reasoning and text output models, and viewing 
historical decisions); 

4)Decision effect evaluation (including filling out 
evaluation forms and automatically calculating evaluation 
scores); 
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Fig 1. System Overall Architecture Diagram 
 

(2) Backend Management Subsystem Requirements: 
1)Administrator management of user information 

(including viewing, modifying, and deleting); 
2)Administrator management of the case library (including 

viewing, editing, deleting cases, and entering new cases); 
3)Administrator management of the decision support 

engine (including daily maintenance, optimization of 
reasoning weights, modification of reasoning rules, and 
updating text generation models). 

2.2.2. System Use Case Diagram 
Based on the above system requirements overview, the 

system participants are identified as the User (frontend 
account holder) and the Administrator (administrator account 
holder). As shown in Figure 2. 

Based on the system requirements analysis, the use case 
diagram for the two participants is provided next. First, the 
user use case diagram. According to the frontend user 
subsystem's requirements analysis, the activities related to the 

user mainly include the following: account management, case 
viewing, decision support, and effect evaluation. Account 
management includes user registration, login, and self-
management of user information. Case viewing includes case 
retrieval and display. Decision support includes knowledge 
reasoning and text generation. Based on these activities, the 
user use case diagram is created. The user use case diagram is 
shown in Figure 3. 
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Fig 3. User Use Case Diagram 
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Next is the administrator use case diagram. According to 

the backend management subsystem's requirements analysis, 
the activities related to the administrator mainly include the 
following: case management, user management, and decision 
engine management. Case management includes case entry, 
modification, and deletion. User management includes 

modification and deletion of user information. Decision 
engine management includes optimization of reasoning 
weights, modification of reasoning rules, and updating of text 
generation models. Based on these activities, the 
administrator use case diagram is created. The administrator 
use case diagram is shown in Figure 4. 
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Fig 4. Administrator Use Case Diagram 

 
By combining the user use case diagram and the 

administrator use case diagram, the overall system use case 
diagram is obtained, as shown in Figure 5. 
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Fig 5. System Use Case Diagram 

 

2.3. System Functionality Analysis 
2.3.1. Frontend User Subsystem Functionality Analysis 

The frontend user subsystem is designed for use by airport 
emergency management staff. These staff members directly 
face emergency incidents and have a need for decision 
support. Based on the frontend subsystem's requirements 

analysis, the features that users need to use are as follows: 
a) Self-management of account information: This includes 

user registration, login, and modification of user information. 
For registration, users must fill out as detailed a form as 
possible, and the registration information will be crucial for 
user login and management. The system's login functionality 
must access the user information database, and successful 
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login occurs when the username and password match. As 
users' information may change during system use, the system 
should allow users to easily modify their own information, 
making it more convenient compared to administrator-backed 
modifications. 

b) Case query and display: The case library is the basis for 
the system's decision support. Users should not be in a "black-
box" state when facing these cases, as this could create a sense 
of distrust. Furthermore, after each decision support instance, 
the process should be stored in the case library as a new case. 
Therefore, the system should have case query and display 
functionalities to allow users to access relevant cases. 

c) Decision support: Decision support is the core 
functionality of the system. The system should allow users to 
input relevant information about an emergency incident and 
receive a corresponding emergency response plan. 
Specifically, the system should analyze the event attributes 
input by the user, perform knowledge reasoning based on the 
case library, and use the results of the reasoning to generate a 
response plan text. 

d) Decision support effect evaluation: Feedback after an 
incident management process is an important basis for 
improving decision support performance. The system should 
allow users to evaluate the effectiveness of the decision-
making process by filling out feedback forms. The evaluation 
scores should be automatically calculated from the feedback 
and the response plan, and then stored in the historical 
decision library to be used as a reference for optimizing the 
decision support engine in the future. 

2.3.2. Backend Management Subsystem Functionality 
Analysis 

The backend management subsystem serves as the 
platform for managing and improving the decision support 
process from the perspective of administrators and system 
operators. The main management functions of the backend 
management subsystem are as follows: 

a) User Management: Since the system is designed for user 
use, managing user information is crucial. The system should 
allow administrators to perform functions such as user 
cancellation, viewing all user information, and modifying 
certain user details. 

b) Case Management: Cases are the main basis for decision 
support, and a well-maintained case library ensures the 
accuracy of decision-making. The entry of new cases, 
modification of case information, and deletion of outdated 
cases will positively impact the effectiveness of decision 
support. Therefore, the backend management subsystem 
should include functions for case entry, modification, and 
deletion. 

c) Decision Support Engine Management: The decision 
support engine consists of two parts: the knowledge reasoning 
model and the text generation model. Management of the 
decision support engine should therefore focus on these two 
areas. For the knowledge reasoning model, improvements can 
be made by optimizing reasoning weights and modifying 
reasoning rules. Additionally, updating the text generation 
model will enhance the performance of the decision support 
engine. Therefore, the backend management subsystem 
should enable functions such as optimizing reasoning weights, 
modifying reasoning rules, and updating the text generation 
model. 

2.4. Business Process Analysis 
Due to space limitations, the business process analysis 

section focuses on the full-process decision support. Full-
process decision support is not only the fundamental purpose 
of designing this system, but also the core business of the 
system. After an emergency incident occurs, its response 
process is initiated, and the system is quickly put into use. The 
user collects information about the emergency event and fills 
out the event attribute form. Once submitted, the system 
enters the knowledge reasoning phase. Knowledge reasoning 
generates a structured dataset containing the event 
information and corresponding response procedures. Next, 
the text generation model creates an emergency response plan 
text based on this structured data to assist decision-making. 
The user follows this text to handle the emergency event, 
which causes changes in the event's status. At this point, the 
system checks whether the event has ended. If not, the above 
process is repeated; if the event is concluded, the emergency 
response process ends, followed by an evaluation of the 
decision support effectiveness. Once the evaluation is 
complete, the full-process decision support business is 
completed. Based on the above description, the business 
process diagram for full-process decision support is shown in 
Figure 6. 

3. System Design 
Based on the system analysis section, design the system's 

functional modules and draw the system's functional module 
sequence diagram, including the account self-management 
module, case display module, decision support module, and 
effect evaluation module for the frontend user subsystem, as 
well as the case management module, user management 
module, and decision support engine management module for 
the backend management subsystem. 

3.1. Frontend User Subsystem Functional 
Module Design 

3.1.1. Account Self-Management Module 
The functions of the Account Self-Management Module 

include user registration, login, and information modification. 
The user information modification function is similar to the 
user management module in the backend management 
subsystem, as detailed in section 3.2.2, so it will not be 
repeated here. The sequence diagrams for user registration 
and user login are shown in Figures 7 and 8, respectively. 

3.1.2. Case Display Module 
The main functions of the Case Display Module include 

case retrieval and viewing. After the user enters a keyword in 
the case search box, the case search service will access the 
case library and display the search results on the case search 
interface for the user to view. The sequence diagram for case 
retrieval and viewing is shown in Figure 9. 

3.1.3. Decision Support Module 
The Decision Support Module is the core functional 

module of the system. Users access this module through the 
decision support interface. After inputting the relevant 
attributes of the emergency event, the decision support 
service analyzes this attribute information, accesses the case 
library, performs knowledge reasoning, and generates a 
response plan text. Finally, the result of the decision support 
is returned and displayed on the decision support interface. 
The sequence diagram for the decision support module is 
shown in Figure 10. 
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Fig 6. Full-Process Decision Support Business Process Diagram 

 
3.1.4. Effect Evaluation Module 

The main functions of the Effect Evaluation Module are 
twofold: filling out the effect evaluation form and calculating 
the evaluation score. After the emergency event is handled, 
the user fills out the effect evaluation form. The effect 
evaluation service then automatically calculates the 
evaluation score based on the form information and stores the 
result in the historical decision database, which serves as an 
important reference for future updates to the decision support 
engine. The sequence diagram for effect evaluation is shown 
in Figure 11. 

3.2. Backend Management Subsystem 
Functional Module Design 

3.2.1. Case Management Module 
Cases are fundamental to the system's decision support. 

The quality of the case library largely determines the 
effectiveness of the decision support. The Case Management 
Module allows the administrator to perform a series of 
operations on the case library through the case management 
service, including the entry of new cases, modification of case 
information, and deletion of outdated or incorrect cases. The 
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sequence diagram for the Case Management Module is shown in Figure 12. 
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Fig 7. User Registration Sequence Diagram 
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Fig 9. Case Retrieval and Viewing Sequence Diagram 
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3.2.2. User Management Module 

The User Management Module in the backend 
management subsystem allows for viewing, modifying, and 
deleting user information. This module is an important tool 
for the system's operating unit to manage user accounts in the 
frontend subsystem. The sequence diagram for the User 
Management Module is shown in Figure 13. 

3.2.3. Decision Engine Management Module 
The decision support engine is the core of the system, 

capable of processing the attribute information of emergency 

events and intelligently generating response decisions. To 
ensure its accuracy and adaptability, the system needs to 
design and implement management functions for the decision 
support engine, allowing administrators to perform decision 
engine management tasks through the decision engine 
management service, including optimizing reasoning weights, 
modifying reasoning rules, and updating text generation 
models. The sequence diagram for this functional module is 
shown in Figure 14. 
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Fig 11. Effect Evaluation Sequence Diagram 
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Sequence diagram for user management
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Sequence diagram for decision engine management
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3.3. Database Design 
3.3.1. E-R Diagram 

The database entities for the Airport Emergency Incident 
Response Decision Support System are divided into four 
entities: User Information, Administrator Information, Case 
Information, and Historical Decision Information. The 
definition of each entity is as follows:   

User: {User ID, Username, Password, Position, Phone}   
Administrator: {Administrator ID, Username, Password}   

Case: {Case ID, Scenario Name, Terminal Name, Airport 
Type, Terminal Type, Event Occurrence Area, Event Phase, 
Event Category, Event Damage Level, Initial Response A01, 
Emergency Response A02, Police Response A03, Evacuation 
Measures A04, Firefighting Response A05, Medical 
Assistance A06, Subsequent Plans A07}   

Historical Decision: {Decision ID, Historical Decision 
Step Sub-ID, Decision Details, Evaluation Score}   

The system's E-R diagram is shown in Figure 15. 
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Fig 15. System E-R diagram 

 

3.3.2. Physical Model 
The physical model of the system database is shown in 

Table 1 to Table 4. 

 
Table 1. User Database Physical Model 

Item Name Data Type Length Alias Nullable Primary/Foreign Key 

User ID varchar(30) 30 User ID No Primary Key 

Username varchar(30) 30 Username No  

Password varchar(30) 30 Password No  

Position varchar(30) 30 Position No  

Phone varchar(30) 30 Phone No  

Table 2. Administrator Database Physical Model 
Item Name Data Type Length Alias Nullable Primary/Foreign Key 

Admin ID varchar(30) 30 Admin ID No Primary Key 

Username varchar(30) 30 Username No  

Password varchar(30) 30 Password No  

4. System Implementation 

4.1. Development Environment 
Development Tools:        Microsoft Visual Studio Code 

Database Management System:    Sql Server 2022 

Browser:                      Goole Chrome 

Web Server:                   IIS 11.0 

Server Operating System:      Windows 11 Professional 

4.2. Main Functional Technical 
Implementation of the System 

The core function of this system is the auxiliary decision-
making for emergency incident handling. This function is 
achieved through the "knowledge reasoning + text 
generation" decision support engine. The decision engine 
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processes the emergency event attribute information using 
knowledge reasoning to obtain structured data of the 
emergency response process. Then, it uses text generation 

technology to generate response plan text based on the 
structured data of the response process. The decision support 
engine is shown in Figure 16. 

 
Table 3. Case Database Physical Model 

Item Name Data Type Length Alias Nullable Primary/Foreign Key 

Case ID varchar(30) 30 Case ID No Primary Key 

Scenario Name varchar(30) 30 Scenario Name No  

Terminal Name varchar(30) 30 Terminal Name No  

Airport Type varchar(30) 30 Airport Type No  

Terminal Type varchar(30) 30 Terminal Type No  

Event Occurrence Area varchar(30) 30 Event Occurrence Area No  

Event Phase varchar(30) 30 Event Phase No  

Event Category varchar(30) 30 Event Category No  

Event Damage Level varchar(30) 30 Event Damage Level No  

Initial Response A01 varchar(30) 30 Initial Response A01 No  

Emergency Response A02 varchar(30) 30 Emergency Response A02 No  

Police Response A03 varchar(30) 30 Police Response A03 No  

Evacuation Measures A04 varchar(30) 30 Evacuation Measures A04 No  

Firefighting Response A05 varchar(30) 30 Firefighting Response A05 No  

Medical Assistance A06 varchar(30) 30 Medical Assistance A06 No  

Subsequent Plans A07 varchar(30) 30 Subsequent Plans A07 No  

Table 4. Historical Decision Database Physical Model 
Item Name Data Type Length Alias Nullable Primary/Foreign Key 

Decision ID varchar(30) 30 Decision ID No Foreign Key 

Step Sub-ID varchar(30) 30 Step Sub-ID No Primary Key 

Decision Details varchar(3000) 3000 Decision Details No  

Evaluation Score varchar(30) 30 Evaluation Score No  

Emergency 
Attributes

Emergency 
Response Plans 

Decision Support Engine

Knowledge 
Reasoning

Text 
Generation

 
Fig 16. Decision Support Engine 

 

4.2.1. Knowledge Reasoning 
Knowledge reasoning uses a hybrid reasoning 

method[6]that combines case-based reasoning and rule-based 
reasoning. The case-based reasoning retrieves the case 
database, calculates the similarity, and finds the case most 
relevant to the current emergency event. Then, rule-based 
reasoning is applied to modify the retrieval results and fill in 
the gaps in the case, based on predefined rules. In this method, 
the similarity calculation of cases uses the most widely 
applied nearest neighbor strategy[7], and Bert[8] is used to 
calculate the text similarity of event attributes. The rule-based 
reasoning, based on case reasoning, corrects the retrieval 
results using a feature-weighted algorithm for attribute 
balancing and adjusts attribute parameters through a neural 
network-based weight optimization strategy. The knowledge 
reasoning method is shown in Figure 17. 

4.2.2. Text Generation 
Text generation is achieved through an improved seq2seq 

model in three stages, focusing on table-to-text generation. 

Specifically, in the first stage, bidirectional long short-term 
memory [9] (BiLSTM) networks and conditional random 
fields [10] (CRF) are used to perform sequence labeling on 
the record units in the table, identifying the key record units 
that make up the text. In the second stage, a structure-aware 
long short-term memory [11] (LSTM) unit is used to 
simultaneously encode both the table structure and record 
content to obtain vector representations that encapsulate the 
structural information. In the third stage, a pointer network 
[12] is first used for sequential planning, followed by 
decoding and prediction according to the planned content 
using a copy mechanism [13, 14], ultimately generating the 
descriptive text of the table. The three-stage text generation 
model is shown in Figure 18. 

4.3. System Main Interface Display 
The system has numerous interfaces, and displaying them 

all would take up a large amount of space. Here, we select the 
most representative interfaces from both subsystems for 
display, including the home page and login interface of both 
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subsystems, as well as the auxiliary decision-making interface 
of the frontend subsystem and the case entry interface of the 

backend subsystem. 
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Fig 17. Diagram of the Hybrid Reasoning Method 
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to operations. Upon detecting an 
incident through surveillance systems 
or reports,the emergency response 
plan is immediately activated. A 
centralized Incident Command ...
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Fig 18. Three-stage Text Generation Model 

 

4.3.1. Frontend Subsystem 
When users access the front-end subsystem, they are first 

presented with the login interface. The login interface is 
simple and elegant, featuring various elements related to 
airports and emergency management. By entering the correct 
user ID and password, users can officially access the system. 
The login interface of the front-end subsystem is shown in 
Figure 19. 

After logging in, the user is directed to the system 
homepage, which provides an easy-to-access and user-
friendly interface. The homepage offers links to various 
functionalities, with a navigation bar on the left side. Users 
can access each functional module of the system through the 
homepage and the left navigation bar. The system homepage 
is shown in Figure 20. 

The decision support interface is an important window for 
users to access the decision support function. To facilitate user 
interaction, the system divides the decision support function 
into four steps. The first step is to provide a form for users to 
collect information about the emergency event. Once the user 
completes the form with relevant event details, they can 
proceed to the next step. The information collection form is 
shown in Figure 21. 

The second step enters the knowledge reasoning phase, 
where the user needs to choose the knowledge reasoning 
method to be used for the decision support. The available 
options are case-based reasoning, rule-based reasoning, and a 
hybrid reasoning combining both. After selecting the 
knowledge reasoning method, the user can click "Next" to 
start the knowledge reasoning process and proceed to the next 
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phase. This interface is shown in Figure 22. 
 

 
Fig 19. Frontend Subsystem Login Interface 

 

 
Fig 20. Frontend Subsystem Homepage 

 

 
Fig 21. Decision Support - Event Information Collection Form 
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Fig 22. Decision Support - Knowledge Reasoning Method Selection 

 
The next step is text generation, where the disposal plan 

text is generated based on the structured data obtained from 
knowledge reasoning. The user can click "Next" on this 

interface to begin the text generation. The text generation 
interface is shown in Figure 23. 

 

 
Fig 23. Decision Support - Running Text Generation Model 

 

Once the text generation is completed, the auxiliary 
decision-making process will conclude. The system will then 
display the decision results on the page for the user to review. 
The decision result viewing interface is shown in Figures 24 
and 25. 

4.3.2. Backend Subsystem 
Similar to the frontend subsystem, the backend 

management subsystem also provides an aesthetically 
pleasing and simple login interface. This interface displays 
the relevant functions of the backend management subsystem 
and the units involved in emergency response. After logging 
in with an administrator account on this interface, 
administrators can access the backend management 
subsystem. The login interface is shown in Figure 26. 

Similarly, the backend subsystem displays welcome 
information, system usage details, and provides an easy-to-

use side navigation bar on the homepage, which will not be 
elaborated further here. The homepage of the backend 
subsystem is shown in Figure 27. 

As one of the core functions of the backend subsystem, the 
case entry interface needs to implement functions such as 
displaying case library information, querying cases, and 
entering new case information. The case display function 
shows the data in the case library in a tabular format, with 
pagination. The page number to jump to can be selected in the 
lower-right corner. The case entry interface is shown in Figure 
28. 

In the case entry interface, clicking the "Add New Case" 
button leads to the new case information filling interface. 
After carefully completing the new case information form, 
clicking "Confirm Submission" will complete the entry of the 
new case. The new case information filling interface is shown 
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in Figure 29. 
 

 
Fig 24. Decision Support - Decision Result Viewing 

 

 
Fig 25. Decision Support - Decision Result Viewing 

 

 
Fig 26. Backend Subsystem Login Interface 
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Fig 27. Backend subsystem homepage 

 

 
Fig 28. Case Addition Interface 

 

 
Fig 29. New Case Information Form 
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5. Summary 
This paper, based on the practical needs of emergency 

management work by airport authorities, designs and 
develops an airport emergency response decision support 
system using the UML system analysis approach. The system 
is divided into a frontend user subsystem and a backend 
management subsystem. Relying on the "knowledge 
reasoning + text generation" decision support engine, the 
system implements the full-process decision support in the 
frontend subsystem, self-management of user information, 
and functionalities such as user management, case 
management, and decision engine management in the 
backend subsystem. The system features an attractive, user-
friendly interface that can improve the informatization level 
of emergency management work and enhance the response 
efficiency for handling emergency events. The next step will 
focus on optimizing the system by improving the decision 
engine and enhancing system interactivity, further exploring 
actual user needs and feedback, and refining the system. 
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