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. 1. Brief Introduction

(1) Motivation

Data Consistency

Data Inconsistency Problems

-

\ Beijing Capital International Airport
Data Format ICAO: ZBAA
IATA : PEK

Departure Time:
Organization 1: DT
Organization 2: DepTime

Data Name

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

Temporal/Spatial

. Organization 1 : Recorded every second
Resolution

Organization 2: Recorded every minute

Organization1: Mile
Organization 2: Kilometer

Data consistency matters in

collaboration!

Organization Meteorology: Provide various date
Principles ATM: Only care about Meteorology related
\ J to ATM
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. 1. Brief Introduction

(1) Motivation

Data Integration

1
N1
%ﬁ - '“‘. g"‘,’.
ATM \ . '.,
abd o 054

Data
Integration

Multi-sourced,
heterogeneous

Standard, Organized
Data
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. 1. Brief Introduction

(1) Motivation

Reasoning

Heterogen "
eous data ==

Predict the
trends by
reasoning

5" y

ATM event Network of ATM

Effect on the
situation of
network

Evolution “ 1 I I
of events = [
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. 1. Brief Introduction

(2) What is Knowledge?

€ Knowledge that can predict future events
Wisdom

€ Information and relationship
Knowledge

. € Processed, logical data
Information

€ Original material

O Data: 38
O Information: The temperature of Alice is 38 °C.
O Knowledge: Alice has a fever.

O Wisdom: Alice must go to hospital and have a rest.
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. 1. Brief Introduction

(3) Knowledge Graph

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.

Tesla
Model 3

Fremont

Palo Alto

California

As of September 2010 @ (D @
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. 1. Brief Introduction

(3) Knowledge Graph
GO g|e Nanjing

¥ Yangzhou,
M

] o
P Zhenjian
- ¢ oNanjing  “igi 5
: | G31
\" Map dats ©;

Nanjing

City in China

Manjing, capital of China's eastern Jiangsu province, is roughly
300km up the Yangtze River from the city of Shanghai. It was the
national capital during part of the Ming dynasty. Many monuments
and landmarks remain, including Zhonghua Gate (Gate of China),
preserved 14th-century section of the massive wall that contained
the old city’s southemn entrance. — Google

Area: 2,547 mi#

Elevation: 65

Population: & 506 million (2013)

Province: Jiangsu

Local time: Friday 9:35 AM
Weather: 79°F (26°C), Wind S at 3 mph (& km/h), 68% Humidity

weather.com

Area code: 25

(=
Jo)

capital of china b ¢

2, Al &) Images [ Books [E News i More Tools

About 11,170,000,000 results (1.09 seconds)

China / Capital

Beijing

Beijing

Capital of China

Beijing, China’s sprawling capital, has history stretching back 3
millennia. Yet it's known as much for modern architecture as its
ancient sites such as the grand Forbidden City complex, the
imperial palace during the Ming and Qing dynasties. Nearby, the
massive Tiananmen Square pedestrian plaza is the site of Mao
Zedong’s mausoleum and the National Museum of China, displaying
a vast collection of cultural relics. — Google

Area: 5,336 mi®

Elevation: 143"

Local time: Friday 9:40 AM
Population: 21.54 million (2018)

Weather: 57°F (19°C), Wind N at 9 mph (14 km/h), 39% Humidity
weather.com

Area code: 10 9/32



. 1. Brief Introduction

(4) History of Knowledge Engineering

1950-1970

O World Wide Web
O Symbolic logic O Artificial large-scale
O Neural Networks knowledge base
O usp O oOntological concept
O Semantic Network O Intelligent subject,

robot

Structured Wikipedia
General knowledge and
domain knowledge
Large-scale knowledge
acquisition

Large-scale industrial
applications

x5ys

o
o
o
o

Expert system

Certain field
Knowledge base +
reasoning = intelligence
Scripts, frameworks,
etc.

O The rapid
development of the
Internet

O Semantic Web

O Crowd Intelligence:

Wikipedia

O OoOo
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. 1. Brief Introduction

(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
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. 1. Brief Introduction

(5) Relationship between Al and Knowledge Graph

Perception

B B B8 B ®

Deep Learning
Knowledge Graph

Decision

Thinking

Knowledgeable Al Understanding

Reasoning B
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. 2. Specific Methodology

(1) Process of Building a Knowledge Graph

Data Collection

|

Build an Ontology

Clarify your business|
& expert requirementf

Harmonize data via
reconciliation, fusion
and alignment

Gather and analyze Clean data to Create your Integrate data
relevant data ensure data quality semantic with ETL or
| data model virtualization
00000
Architect the data §oe 'p e Q Augment your SPAROL Maximize Make your
management and AV graph via reasoning] [RFVRH the usability KG easy
search layer oeking analytics and PN of your data to maintain
: text analysis RUN and eviove

Reasoning
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. 2. Specific Methodology

(2) Knowledge Graph of Air Traffic Management

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

Meteorology

1 1

1 1

1 e 1

I Airline I

1 1

1 1 Entity

. 1 iti

: Alrport | Recognition

1 1

1 1

I Flight Plan : “

1 &7

1 1 < pE
i

] ! f{gf

| ! FlightPlan

| | sl

1 1 DepTime: 7:25. ¥

1 ArrTime:. 9:50

I _ ! A Musmah

1 . 'y

| 1 Relation — .

1 1 Extraction *

1 1

1 1

IATA Code: PEK
ICAO Code: ZBAA

«
Code: CES \S
Runway

]
-
T
Aircr:
ircr:
ucer:
ID:9R/27L

— Knowledge Graph
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. 2. Specific Methodology

(3) Ontology

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

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

formal: machine readable

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

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

16/32



. 2. Specific Methodology

(4) Ontology Construction in Air Traffic Management

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.

Concept of Aircraft XML of UML model

KDsimpheTypes rm———
ArcrafiRegisationtist| _+r¢gisration

1 1
i Evaluation of Ontology i
! Model !
| |
1 1
|
1
1

3 S o — Transformation Rules: UML to Ontology precision: p_14NO] recal: 140
‘ i 0] ‘ 4]
= e UML | Ontology |
: ntology e
mmm B - UML class OWL class

+aircratApproschCategory | senumerations

UML generalization OWL subclass

ere WY M
Squirement for missing

UML simple data type OWL Data oy items
- attributes attributes
UML Composite data OWL object GEnerate °n.t°|°gy model
- o construction results
type attributes attributes
m Transformation rules based on XSLT . ?
information _ 9.9 i

UML model

Ontology Model XML (OWL)

Automatic Construction of . .
Evaluation and improvement of
Ontology model
ontology model
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. 2. Specific Methodology

(4) Ontology Construction in the Air Traffic Management Field

L

Y-

b

y..

owl:Thing
_Abstract_

[

Entity
Object
Timesheet

- _DataTypes_

[

Y.

_GeometryTypes_
_HexType_
_IdentifierType_
_MeasureTypes_
_RangeTypes_
_TemporalTypes_
_UnitsOfMeasure_

-~ _SubjectFields_

_Aircraft_

~ _AirspaceInfrastructure_

V-

_Airspace_
B0 Airspace
----- AirspaceGeometryComponent
----- AirspacelLayer
----- AirspacelLayerClass
----- AirspaceVolume
----- AirspaceVolumeDependency
----- AuthorityForAirspace
----- CircleSector
----- CirclingArea
----- ConstrainingAirspaceActivity
----- HoldingArea
----- NavigationArea
----- NavigationAreaRestriction
----- NavigationAreaSector
----- SectorConfiguration
B SectorConfigurationActivation
B SectorDesign
-0 StandardLevelColumn
----- StandardLevelSector
b StandardLevelTable

- _AirspaceInfrastructurePoint_
_Codelists_Airspacelnfrastructure_
+- (0 _RouteAndProcedure_

_AirTrafficOperations_
_Baselnfrastructure_
_Commeon_
_Environment_
_Flight_
_Meteorology_
Stakeholders

V- _pirspacelnfrastructure_OP_

v-M_Airspace_OP_

- Airspace_OP_

l@------AirspaceGeometryCompnnent_OP

> AirspaceLayer_OP_
l@------Airspacelaverclass_op_
- AirspaceVolume_OP_

l@------AirspaconumeDependenw_OP_
- AuthorityForAirspace_OP_

ln-- CircleSector_OP_
»-- M CirclingArea_OP_

)M ConstrainingAirspaceActivity_OP_

M HoldingArea_OP_
- NavigationArea_OP_

ll-- NavigationAreaRestriction_OP_
b NavigationAreaSector OP

- SectorConfiguration_OP_

- SectorConfigurationActivation_OF

- SectorDesign_OP_

- m StandardLevelColumn_OP_
)M StandardLevelSector OP

b StandardLevelTable_0P_

}--M_AirspaceInfrastructurePoint_OP_
b _Codelists OP_
- _RouteAndProcedure_OP_

@ standardlevesse *® ArspaceGeomelr
= e

" AirspaceLayer

*® CirclingArea

* @ Hadinghrea

*® StandardLevelCo
lumn
*® SectorConfigura
tionActivation

*® NavigationAreaR
estriclion
“® SectoConfigura
e ]

8 AirspaceVolumeD
ependency
*® Standardlevella
ble

*® CircleSecior

= |™® AirspaceL ayerCi

“|*® ConstrainingAir
spaceActiviy

*'@ NavigationArea$
acior

*® AuthortyForir
space
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. 2. Specific Methodology

(5) Knowledge Extraction

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.

Relation
S ? MES SR
Classifier Eibﬁ*ﬂﬁEESkaﬂﬁigﬁ:E@: E
" BE#&50km, =EE10km, LAi40km/h
.= BZBE, BELXTK, WititsEtE10:10-
" 11:108 E R PRIt SIS,

Attention
Matrix

Weather Warning for Airport

BiLSTM

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

Input 40km/h with no change in intensity. It is

Vector expected that there  will be

thunderstorms with moderate rain from

Input & & & & & 10:10-11:10 Beijing time. Affect Beijing
Sentence Airport.

Structure of Attention-BiLSTM

Knowledge Extraction Mode 1 9 / 32



. 2. Specific Methodology

(6) Knowledge Fusion

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

Airspace

WI 3NM RADIUS
OF

NOI°19'48"
E104°2424"

range

weather
type

52 kilometers
west of Beijing
Airport

Convective
clouds

Occupy

Activity

change

v

East moving
Speed: 40km/h

"

‘WI 3NM RADIUS
OF

N01°19'48"
E104°24'24"

Occupy ‘ ‘ Activity

reason

52 kilometers
west of Beijing
Airport

Convective
clouds

‘\\\\\\\\QtEﬂjgfi

East moving
Speed: 40km/h
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. 2. Specific Methodology

(7) Air Traffic Management Knowledge Graph Construction Results
Graph scale: 22 categories, 20,000+ entities, 50,000+ relationships

<
[ @
L) Se
Yv-a8 |
L° \ X "\ { @ / NG15
@ \ \ ‘ I‘I‘ @
\ \ L /
\ (159 \ =
R . \\@‘ \ @ \‘@b R 8 & /I 5568
JB7G N %\ \ =\ \|CESs] >
coy-sc % D \ -
%
& ) 2 CAT128 32
7 44 SoSNO
kS ‘
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. 3. Method Application

(1) Relationship Analysis

NNV\W—@@E?ART FRWNTER ROUTE n@ START_FROM- @— IS_PART_OF—— -e

4*@,; o,

%,
\@ o

The multi-level relationship between
Zhengzhou Airport and airway V54

1@ LOGATED IN- -@

The path between the Capital Airport
and East China
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. 3. Method Application

(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.

Flight Information Affected Flights

Shanghai %
~

Aecat Ly
4 ; Analysis Result
Flow Control
& B cements
Text N N UDINO o 0 _ i i p’ Massage
S 2 &, :

Flow Control Information

1 fllight/30min




. 3. Method Application

(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.

Basic information of

air route and sector Fllght operation

network

Affected
airport

Knowledge Graph

Route network between
city pairs

Weather
information

o

Airway network
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. 3. Method Application

(4) Framework

Intelligent analysis
algorithm based on
knowledge graph

Analysis of flow
control packets

Data—Platform

e ——— -
-

e - .
Visualization syst

Weather
warning
analysis

e

Intelligent
retrieval
algorithm

Neo4j dataset

Delay prediction
algorithm
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. 3. Method Application

(5) Flow Control Message Analysis and Delay Prediction Interface

Data-Platform

Tips: Click to gat more details.

@®  Selection @  Knowledge o  Flight
BB FightObject

B so la-ff-1 8]
B FiowCantral

B Arport

BB RoutePaint

EREE" LR, "RELEA R

Enter X B Arcompany
B iR
B LocatePoint
Mircratt

BB FouteSegment

%  Semantic

B Elements
B Massage

Route Point Relation Flow Control




. 3. Method Application

(6) Weather Warning Analysis Interface

Data-Platform

Tips: Click to get more details.

@®  Constrain i @i Knowledge

B Airport

B 1ype

B Weather

@ Information
Infection Airport

{EIbE LA Ra 602 MGt F B )

Route Point Relation




. 3. Method Application
(7) Smart Search Interface

Tigre: Click to pet mors cetalls.

(& Constrain

M

Enter

BAELAT:
BREAANET

4.
Alrport:ZUUU

Data-Platform

#  Knowledge

W

s aflings
stmfiuars e st

croneess
P
-
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. 4. Final Conclusion

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

Data
Integration

Q&A

Reasoning and
Decision Making

Search

’
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Thank you!



	幻灯片编号 1
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24
	幻灯片编号 25
	幻灯片编号 26
	幻灯片编号 27
	幻灯片编号 28
	幻灯片编号 29
	幻灯片编号 30
	幻灯片编号 31
	幻灯片编号 32
	幻灯片编号 33

