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1. Brief Introduction

(1) Motivation

Data Consistency

Semantics

Data Format

?

Data Name

Beijing Capital International Airport
ICAO：ZBAA
IATA ：PEK

Departure Time：
Organization 1：DT
Organization 2：DepTime

Departure Time：
Organization 1 ：Actual Departure Time
Organization 2 ：Expected Departure Time

Temporal/Spatial
Resolution

Organization 1 ：Recorded every second
Organization 2：Recorded every minute

Data Unit
Organization 1 ：Mile
Organization 2：Kilometer

Organization 
Principles

Meteorology：Provide various date
ATM：Only care about Meteorology related 
to ATM

Data Inconsistency Problems

Data consistency matters in 
collaboration!
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(1) Motivation

Data Integration

Airport

ATM

Airline

Multi-sourced, 
heterogeneous

Data 
Integration Standard, Organized

Data

1. Brief Introduction
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(1) Motivation

Reasoning

Bad weather Airspace restriction Flow restriction

ATM event Network of ATM

Predict the 
trends by 
reasoning

Heterogen
eous data

Figures Voice

Evolution 
of events

Effect on the 
situation of 
network

1. Brief Introduction
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 Data：38

 Information：The temperature of Alice is 38 ℃.

 Knowledge： Alice has a fever.

 Wisdom： Alice must go to hospital and have a rest.

(2) What is Knowledge？

 Original material

 Processed, logical data

 Information and relationship 

 Knowledge that can predict future events

Knowledge

Wisdom

Data

Information

1. Brief Introduction
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The knowledge graph represents a collection of interlinked descriptions of entities –
objects, events or concepts. Knowledge graphs put data in context via linking and
semantic metadata and this way provide a framework for data integration,
unification, analytics and sharing.

(3) Knowledge Graph

1. Brief Introduction
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(3) Knowledge Graph

1. Brief Introduction
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(4) History of Knowledge Engineering

 Expert system
 Certain field
 Knowledge base + 

reasoning = intelligence
 Scripts, frameworks, 

etc.

-present

 The rapid 
development of the 
Internet

 Semantic Web
 Crowd Intelligence: 

Wikipedia

 Structured Wikipedia
 General knowledge and 

domain knowledge
 Large-scale knowledge 

acquisition
 Large-scale industrial 

applications

 World Wide Web
 Artificial large-scale 

knowledge base
 Ontological concept
 Intelligent subject, 

robot

 Symbolic logic
 Neural Networks
 LISP
 Semantic Network

1. Brief Introduction
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(4) History of Knowledge Engineering

The first stage: From weak semantics to strong semantics (pre-2006)
From semantic network, to description logic, to OWL
From metadata framework, to RDF, to RDFS

The second stage: from strong semantics back to weak semantics (2006-
present)
Relational data, combined with existing standards commonly used in the Web
industry
From RDF database to graph database

20 years of history show that:
Summary from practice(JSON, graph database, etc.) is better than top-down
design
Fully compatible with the existing tool system is better than the new framework
Simple is better than powerful

1. Brief Introduction



12/32

(5) Relationship between AI and Knowledge Graph

Perception

Recognition

Decision

Thinking

Understanding

Reasoning

Deep Learning

Knowledge Graph

Smart AI

Knowledgeable AI 

1. Brief Introduction
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(1) Process of Building a Knowledge Graph

2. Specific Methodology

Build an Ontology

Reasoning

NLPData Collection



15/32

The knowledge graph of air traffic management describes the relationships
between massive, multi-source, heterogeneous information, e.g., airline,
airport, flight plan, etc.

(2) Knowledge Graph of Air Traffic Management

Big Data Platform

Flight Plan

Surveillance

Airport

Geography

Meteorology

Airline

Knowledge Graph 

Entity 
Recognition

Relation 
Extraction

FlightPlan

DepTime：7:25
ArrTIme：9:50
Callsign：MU5183

Beijing Capital Airport

IATA Code：PEK
ICAO Code：ZBAA

DepartureAirport

Runway 09R/27L

ID:9R/27L

Meteorology

Time：19：11
Pressure：1010.1
Temprature：32

Eastern Airline

Code：CES

Pudong International Airport

IATA Code ： PVG
ICAO Code ：ZSPD

Aircraft N342

Producer：Airbus

ArrivalAirport
Carrier

METAR
Runway

Aircraft

2. Specific Methodology
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T. Gruber, 1993; R. Studer, V. R. Benjamins, and D. Fensel, 1998

An ontology is a formal, explicit specification of a shared conceptualization.

explicit:  type of concepts used and the constraints on their uses 
are explicitly defined

shared:fact that the knowledge represented in an ontology are 
agreed upon and accepted by a group

conceptualisation: an abstract model that consists of the 
relevant concepts and the relationships that exists in a certain 
situation

formal: machine readable

(3) Ontology

2. Specific Methodology
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Aiming at large-scale automatic construction of ontology in air traffic
management, the automatic conversion rules and evaluation standards
from UML to OWL are designed to realize the construction and optimization
of the ontology.

(4) Ontology Construction in Air Traffic Management

Transformation Rules: UML to Ontology 

UML Ontology

UML class OWL class

UML generalization OWL subclass

UML simple data type 
attributes

OWL Data 
attributes

UML Composite data 
type attributes

OWL object 
attributes

| |
| |

=
A OP
O

| |
| |

=
A OR
A

Precision： Recall：

本体
构建
结果

Concept of Aircraft XML of UML model Evaluation  of Ontology 
Model

Generate ontology model 
construction results

Geographic 
information

AIRMBasic Data

Meet the 
requirements

No
Adjust the 

mapping rules 
for missing 

items

EA
tool

Ontology Model XML (OWL)UML model

Transformation rules based on XSLT

Automatic Construction  of 
Ontology model Evaluation and improvement of 

ontology model

Yes

2. Specific Methodology
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(4) Ontology Construction in the Air Traffic Management Field

2. Specific Methodology
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(5) Knowledge Extraction

机场气象警报
在北京机场西面52km处有对流云团，云

团直径50km，云团顶高10km，以40km/h
向东移动，强度无变化，预计北京时间10:10-
11:10有雷暴伴随中雨影响北京机场。

The body of the airport alert describes the type of weather, its appearance
and duration, changes in weather conditions, changes in visibility, affected
areas and locations. For this information, use entity extraction technology to
extract the entities, and then identify the relationship between the entities.

Knowledge Extraction Mode

Structure of Attention-BiLSTM

Input 
Sentence

Input 
Vector

BiLSTM

Attention 
Matrix

Relation 
Output

Classifier

Weather Warning for Airport
There is a convective cloud group 52km
west of Beijing Airport. The cloud group
has a diameter of 50km and a cloud top
height of 10km. It moves eastward at
40km/h with no change in intensity. It is
expected that there will be
thunderstorms with moderate rain from
10:10-11:10 Beijing time. Affect Beijing
Airport.

2. Specific Methodology
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(6) Knowledge Fusion

Airspace

WI 3NM RADIUS 
OF 
N01°19′48″ 
E104°24′24″

range

Occupy

state

Activity

reason

change

East moving
Speed: 40km/h

Airspace

52 kilometers 
west of Beijing 
Airport

range

Convective 
clouds

weather 
type

WI 3NM RADIUS 
OF 
N01°19′48″ 
E104°24′24″

range

Occupy

state

Activity

reason

change

East moving
Speed: 40km/h

Airspace

52 kilometers 
west of Beijing 
Airport

range

Convective 
clouds

Weather 
type

Different kinds of knowledge are merged to build a large knowledge graph.

2. Specific Methodology
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Graph scale: 22 categories, 20,000+ entities, 50,000+ relationships

flying object

waypointairport Entry and departure procedures

……runway city

airway

Weather aircraft

Ontology-based graph modeling

(7) Air Traffic Management Knowledge Graph Construction Results

2. Specific Methodology
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70% flights taking off 
and landing in 

Shanghai will be 
affected

30% flights taking off 
and landing in Beijing 

will be affected

The path between the Capital Airport 
and East China

The multi-level relationship between 
Zhengzhou Airport and airway V54

(1) Relationship Analysis
3. Method Application
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(2) Knowledge Graph Application-flow Control Message Analysis and 
Delay Prediction

We implemented the analysis of the impact of flow control on flight delays in three
steps. Firstly, the Beijing airport delay data and the parsed flow control message are
added to the knowledge graph. Secondly, the training sets are generated from the
flight-related features newly added to the knowledge graph. Finally, The machine
learning model is trained and used to calculate the affected flights.

Analysis Result

Affected Flights

Flow Control Information

Flight Information

UDINO

流控报文XX

航班

Flow Control 
Text

Shanghai

Tianjin

UDINO

H104

1 fllight/30min

MU5439

Shanghai 
Airport

H104

UDINO

Tianjin

Shanghai

East China

3. Method Application
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(3) Application of Knowledge Graph-weather Message Analysis

Based on the weather information, flight delay propagation mechanism is
studied, and the ability of the overall situation awareness of air traffic
management system is improved.

Airway network

Route network between 
city pairs

Flight operation 
network

Affected 
airport

Basic information of 
air route and sector

Knowledge Graph

Weather 
information

3. Method Application
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(4) Framework

Visualization system

Neo4j dataset

Analysis of flow 
control packets

Intelligent analysis 
algorithm based on 
knowledge graph

Weather 
warning 
analysis

Intelligent 
retrieval 

algorithm

Delay prediction 
algorithm

3. Method Application
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(5) Flow Control Message Analysis and Delay Prediction Interface

3. Method Application
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(6) Weather Warning Analysis Interface

3. Method Application
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(7) Smart Search Interface
3. Method Application
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4. Final Conclusion

Knowledge graph will enhance the ability of air traffic management system
in the following aspects:

Data 
Integration

Search

Q & A

Reasoning and 
Decision Making
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Thank you!
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