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1 Research Background \ zexaess

Human factors (77.4%)

1.Fogetten aircraft, vehicles
or personnel on the runway

2.Wrong issued regulatory license
or instruction

3.Misjudge or confuse the location

of an aircraft, vehicles, or personnel
4.Failure to use standard radio call

terms as required | .
5.The pilot and the vehicle driver

misunderstands the controller’'s instructions
6.The controller did not find an error
in the pilot or the driver

Environmental factors

1.Temporary change the
direction of the runway in usé

2.Multiple towers, multi-runway
operation

3.Airport ground signs, lights and

symbols are incomplete or unclear Analysis of runway

1.Regulatory operation procedures are incursion causes
missing or imperfect
2. Administrators are overworked or undertrained
3.A lack of runway safety management and
coordination mechanism between the control
equipment factors REEY and the airport maintenance department

1.Communication, monitoring
of equipment failure

2.Malfunction or interference
of the cockpit equipment

5/30/2024



1 Research Backgrou nd I’\ SHSEEIER
e
causes statistics

1.How to reduce the safety loopholes caused by
human factors (air traffic control, pilots, vehicle
drivers, etc.)?

2.How to timely locate the incursion position and
alarm?

3. How to choose the right technology to
maximize returns with minimal investment?

4.How to increase the safety barrier without

®pilots  mcontrolm I Y ians, i) " 01T reducing the operation efficiency?... .
FROM CIVIL AVIATION SAFﬁW NET OF CI-!I.INA The content of this SP is mainly about human m
| e factors of the pilots, controllers and vehicle T

m drivers.
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2 Overall Objective r\ ey
o —

Enhancing terminal
processing alert
capabilities

perception capabllltles

1
1
|

° mm) | Enhancing airport
| scene autonomous
1
|

@ —

Enhancing system
data interaction
capabilities

-

Autonomic
Enhancing airport ® perception and
scene detection and Information judgment
perception capabilities Consistent @ integration and
(V) situational early warning
awareness among
all relevant parties

Accurate detection,
positioning and
perception

_ L !
objective one objective two objective three
I i i ! i




2 Overall Objective I’ s Lr LN

——————————————————————————— ||, =] o )]
5 n .
System facing the pilots / vehicle drivers Sichan || 5G AeroMACS ; :":2:;“
Runway state Stop the exhaust Light guidance N W S I
light system lights system mobile end system/aircraft FMS : :::2:;3:):“5
i
1 = capabilities
o Enhancing
Ivoice system data
i —— — ; - interaction
jrecogn F'ower control and automation sy stem biliti
pition | { A-SMGCS + Tower ATMAS~ EFS} capabilities
[ .
[ ! Enhancing
i i terminal
! Scene monitoring source {| processing alert
; . — - capabilities
Field monitor | | Multi-point seconda . e Ny '
radar positioning Ny.‘il\.‘ln‘ radar 2l | ‘ ADS-B l | video system :
!
Enhancing airport .
scene detection and
perception ]
capabilities

Technology implementation ideas
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| 3 Key Technologies and Applications

China's civil aviation is conducting research on the tower automation system's runway incursion prevention feature.

Enhancing airport scene
detection and

perception capabilities

Enhancing system data

interaction capabilities

-

Flight Strips & surveillance signa-

Traditional Technology: J

Surveillance Signals

Innovative Technology: |
Video Signals .

Enhancing terminal

Verification of vehicle processing alert

BeiDou positioning signals

capabilities

Installation of Vehicle
Beacon Devices

|
J

Interaction between Electronic I

Enhancing airport

interaction based on aviation scene autonomous

perception capabilities

CPDLC for runway incursion
prevention \ I

-

y)

/ ERTREERRF
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The upgrade and
optimization
of Electronic Flight Strips

Verification and

application of speech

recognition technology

Runway Status lights |

Stop-Bar lights
Vehicle safety
management

End-Around Taxiwast

——
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3 Key Technologies and Applications
—— Enhancing airport scene detection and perception capabilities

I’ ERTREERRF

i Traffic Management Bureaw. CAAC

Traditional Technology: Surface surveillance signals

All airports are actively advancing related work, some airports already have surface surveillance capabilities.

Surveillance signals: SMR, MLAT, QUALIFIED ADS-B

Surveillance information: Target Identification, position, speed, altitude, etc.
) Surveillance coverage: entire apron, airport perimeter

) Planning information: Flight number, Mode-Sscode, 24-bit address code

) Key Technologies:
Related to achieving the goal, identifying target identity information, and

integrating with airport maps, to realize a series of alarms related to target position,
speed, and altitude.

e

>
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3 Key Technologies and Applications
—— Enhancing airport scene detection and perception capabilities

Innovative Technology: Video
® Signals

) Key Information: Target Position Data,
Target Motion Trends

I’ SR EEER

Alr Traffic Management Bureass. CAAL

Providing panoramic surveillance and focused
position monitoring

: Airports such as Honggiao, Nanchang, Jinan,
.~ Wenzhou, among others, are actively applying
= = optoelectronic technology, combined with electronic

-~ wayhill data, to collectively enhance runway incursion
prevention.
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3 Key Technologies and Applications y A
—— Enhancing airport scene detection and perception capabilities I\

+ Occlusion,

4K Re"mo'te — | lllumination
Surveillance m — :. » Recall Rate
Cameras

Segmentation
Algorithm

+ Lateral . Large

expansion

4K High-Definitionggpr _
PTZ (Pan-Tilt- “
Zoom) Camera

capability Training
Camera - Image . )
o Recognition
- ot fiol : 9 o
» Computational
Efficiency
« Cross-Device
Tracking
!
[ | Ll e s )
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3 Key Technologies and Applications y

—— Enhancing airport scene detection and perception capabilities I %ﬁ.ﬁ%ﬁ.ﬁﬁm
Innovative Technology
—Verification of Vehicle BeiDou Positioning
Signals
Through on-site vehicle test runs, the following P

have been accomplished:

2 Verification of signal coverage;

> Verification of signal quality;

0 ’ 15 : i
> Verification of signal accuracy and real- Vnipyhmdibnt bme '!._'uh'
. oF 0¥ WGP g® o ® P

time performance; ST 0 2 B




3 Key Technologies and Applications
—— Enhancing airport scene detection and perception capabilities

I’ ZERTIEER R

Air Traffic Management Bureas. CAAC

Innovative Technology
@ ——Installation of Vehicle Beacon Devices

Vehicle plan

Key technology:
D Realizing MLAT vehicle positioning detection
> Improving Vehicle Positioning Accuracy
Enhancing the accuracy of scene surveillance signal
fusion
Honggiao Airport is currently in the trial
operation phase, and the following work will
be carried out in the near future:
2 Optimization of Vehicle Alarm Parameters
> Collaboratively develop management regulations

for onboard beacon devices with the airport.

5/30/2024
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3 Key Technologies and Applications

| .
——Enhancing system data interaction capabilities g\ ZiEEEER

Alr Traffic Management Bureas. CAA

Interaction between Electronic Flight

Strips & surveillance signals

P Key information:
Flight identity information, flight

command status, runway
— . AT T (ETE TR
operation mode - | H atled | ™ S0 S
- ! Tam Came |[ae |

[re——

> Key technology:
Combining surveillance signals,
optoelectronic signals, and voice

signals to jointly provide a series

CES537

of alerts related to air traffic

control commands.




3 Key Technologies and Applications

| .
——Enhancing system data interaction capabilities J\ EIXEEER,

Alr Traffic Management Bureas. CAA

Continuously enhancing the functionality of the Honggiao
Airport Tower electrical system in 2023:

» Integration of surveillance signals.

2 Integrating graphical and digital modules to achieve real-time
interaction between aircraft dynamics and the clickable status
of electric flight strips.

P Enhancing functionality for status alerts and conflict detection.




3 Key Technologies and Applications

| .
——Enhancing system data interaction capabilities g\ ZiEEEER

Alr Traffic Management Bureas. CAAL

Verification of scene data interaction based

on aviation 5G

®» Leverage 5G technology for validation;
2» Complete a shared platform among air traffic control,
airports, and airlines;

> Complete aircraft taxiing guidance scene tests;

BE ins.2=

2 Complete runway incursion prevention scene tests.

Bird condition A Eastorwest runway - Agree
Efi-iR3885/2 BA  westrumwy =

Bird condition A Eastorwestrunway -

VA0003/2 B ety

Enhance operational mechanisms and
foster greater situational awareness




3 Key Technologies and Applications

A -
——Enhancing system data interaction capabilities g\ SIZAREE
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CPDLC for runway

incursion prevention

Key technology:
) Upload landing runway, arrival procedures;

) Real-time acquisition of aircraft operational parameters

- - Data Wireless & Data Netwark Diata Loading & Crew
from the Flight Management System (FM5) to achieve Acquisition & Delivery Systems Saftware Comnectivity
ACME Management

flight intent recognition;

) Completing a comparison between landing runways RP:DA:KPAE:AA:KMWH:
d | d 4 | a Take-off runway N Landing runway
and arrival procedures to provide error alert reminders, -
P P D: APILES

preventing incidents of landing on the wrong runway. 4,,.2&“'* m-l ‘E: — m
(Bi-directional alerting) [ sTAR SEA..VAMPS 1 _ EID

) r— 5 . ou e

-




3 Key Technologies and Applications
——Enhancing system data interaction capabilities

I’ ERTREERRF
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CPDLC for runway

incursion prevention

Work Progress Update:

P Verification work completed in 2022;

) Planned joint discussions with airports and

some airlines in 2024 to explore application

implementation and detailed functionality

based on actual operational work.

e
t
i

tH
i
i

Permson wanagem
Servae T Track aved digital saenl evicen
)STAR & Landing Runway publish roey —
= e e e

) Aircraft land on wroeng Runway Alarm
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3 Key Technologies and Applications
——Enhancing

I"\ SR EEER
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terminal processing alert capabilities

F i I = fag T INgy
—— g ———— o ] - o = ——————— B el
@ Lo 2 g . g f e 112
50‘ R ) S - R T ) - g HE
E : § )| T g
-3 e I g T & F £ T T
g e o &=
_J")' v vt -
L Mt 3 2 L 3 4 M| &
3 3 & A iz
2 = / < CCA1507
3 - 3 8 -3 - B L 4 E

The command button turns gray,

' Runway occupied. Do you want to proceed? with a confirmation prompt

upon clicking.

CES2225 ZLXY PIKT1D CCA1507 zBaAA 0114

s B738M 900 A1035 276 BTTWE E  A3052 256
36L B208 D-D16 C C-D11
= - : |
Independent alert for lr Sample: Takeoff conflict alert . A

the electronic wayhill
— - | — -



3 Key Technologies and Applications

y 2
——Enhancing terminal processing alert capabilities / ERREEER
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B208 D-D16 126.65

The command button turns
gray, with a confirmation |
prompt upon clicking.

Independent alert for | 1|- Sample: Takeoff conflict alert f ‘L‘

the electronic wayhbill |




3 Key Technologies and Applications

y 2
——Enhancing terminal processing alert cap / ERREEER
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The upgrade and optimization of electric flight strips

Combining surveillance signals
with electric flight strips

CSH9396 Z When an aircraft on the five-mile final
@ approach is within 2 kilometers of the

I?I runway threshold (configurable) and the
electronic flight strip status of the aircraft
Sample: Reminder for missing is not in the LND state, a flashing
landing instructions - downward arrow appears on the flight
waybill to remind the controller that the

W il Ly landing instruction has not yet been — L

| m :t _isﬁ.led. o P i g




——Enhancing

3 Key Technologies and Applications
terminal processing alert capabilities

l"\ SR EEER

The upgrade and optimization of electric flight strips

)

RO + List of off-ground waves

Ay wm azves 108
ML ASML LYBLDITIEES

Sample: Unauthorized crossing Alert

Combining surveillance signals, video signals,

and electric flight strips

If a flight crosses the stop/wait line without
authorization from air traffic control, it will
trigger an unauthorized crossing alert. The
status in the waybill will turn red, and there
will be a corresponding prompt in the alert

message bar.

Alr Traffic Management Bureas. CAAL

|



3 Key Technologies and Applications
——Enhancing terminal processing alert cap
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The upgrade and optimization of Electronic Flight Strig

When an aircraft is in the process of taking off or landing, if another

target appears on or near the runway that threatens or affects the

aircraft’s normal takeoff or landing, an alert will be generated.

CQH8931 has crossed
the hold short line

"1 | |'|'

iy I I — ]
Combining surveﬂlanc _|na|s with electric flight ]k ¢ m Sample: Runway Incursion Alert



3 Key Technologies and Applications
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——Enhancing terminal processing alert cap / ERREEER
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@ ﬂ EHAASRRERAASER gL X
> L 1 * > x 1

‘& BEEAESHEALL=E I D runway * runway

Runway instruction reiteration Intelligent runway incursion prevention
consistency check based on speech recognition

s . /

Based on voice artificial intelligence, Al models identify bidirectional semantics of airport ground-to-air 1
communication, combined with electronic process operation information and voice semantic information, to

alert for conflicts with command intentions and crew execution instruction error.

m v my

5/30/2024



3 Key Technologies and Applications
——Enhancing terminal processing alert capabilities

I’ SR EEER

Air Traffic Management Bureas. CAAC

@ ¢ Verification and application of speech recognition technology

Instruction: CQH8762 is cleared to land
on Runway 36R.
Intent: Landing, Runway 36R

Instruction: CES5503 is
cleared to cross Runway 36R.
Intent: Crossing, Runway 36R

Recognition of crossing instructions when there is
an inbound aircraft on the five-mile final approach

Instruction: CQH8762 taxi to and hold
short of Runway 36R.
Intent: Taxi to, Runway 36R

Instruction: CES5503 heold short of
[ Runway 36R.

Intent: Holding short outside of
Runway 36R

The flight has violated the hold short instruction.

Instruction: CQHB8762 taxi to and hold short

of Ru
Intent: Taxi to, Runway 36R

o Three Elements of Safety Inspectior

Current position Dastination Conflict
- Intagrabed track ‘ Instruction intent Instrustion intent ‘
- - - - =
Instruction: CES5503 taxi to
and hold short of Runway 36R. m l Lo n...,m '":’“M
Intent: Taxi to, Runway 36R o
epre— =l
Recognition of taxi instructions when the =l
runway is occupied
Instruction: CQH8762 taxi to and hold +
short of Runway 36R.

Intent: Taxi to, Runway 36R

4 outside of Runway
i 36R

Instruction: CES5503

)

Bu 36R. Normal predicted takenff

Intent: Holding short - and landing trajectory

The actual position of the aircraft does not

I

match the intended instruction. ,"; " Traject;ry that has alre::ly
1 r W T

deviated from the correct path

5/30/2024 30
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——Enhancing terminal processing alert cap J\ EEREEER
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Verification and application of verify

speech recognition technology

CQHB8610 Crossing

12:06:47

runway 36L, risk of
runway incursion

Crossing runway 36L,
risk of runway incursion

oK

Combination of surveillance signals, voice, and Electronic Flight = CQHBE10 zZsap
Strips (simulated schematic) N v 2 > 35 QUE L

m -’H d] ? 118.65
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3 Key Technologies and Applications -
——Enhancing scene autonomous perception capabilities I\ e M.EFJ

R tatus light Independent automatic operation

TRELE BV F A « PARIL =

Work Progress:
2017-2020: Preliminary research conducted
as part of the technology project.
2021-2024: Project implemented, joint
----- discussions held with air traffic control and
crew to explore subsequent operation
modes.

N

. Key Technology' The runway status lights operate independently of
o/ s{‘_ air traffic controllers, controlled by internal logic to or

e S runway entrance lights (RELs) and threshold lights
5 (THLs). This enables accurate and timely indication of runway
: occupancy status, reducing the and of runway
5/30/2024 incursions, and preventing runway 5




3 Key Technologies and Applications -
——Enhancing scene autonomous perception capabilities . ...EFJ

® Stop-bar lights

® The tower electronic waybill system is linked with the airport's stop-bar lights, sending control signals to

the lighting system and receiving feedback signals.

Click the button
tor highlbght it

- e Enter  Force
— = = = = = = = 1 ©on

Work Progress:
2017-2020: Preliminary research conducted as part of the
technology project.

2021-2024: Project implemented, joint discussions held with
air traffic control and crew to explore subsequent operation
modes. 34



3 Key Technologies and Applications
——Enhancing scene autonomous perception capabilities
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| CCA1747 ZUUU  NIVB1D
@ Stop-bar lights = 31! 0 — Ay
il c1

CCA1749  zucy
321 1200

g Work Progress Update: QUE e
Pudong Airport: Achieved integration of the Pudong Tower 3 CCA1707  ZBAA
| | A3zima 1200 3612
electrical system with the runway stop-bar light system, G| .. AATOAS 3

allowing control of lights and switching between

Published: 2022-01-10 01:49:05z

2 Category Il /1l operations via the chief's button.
Hangzhou Airport: Completed linkage testing and online
upgrade of the backup system in the Hangzhou Tower
electrical system. Hangzhou lighting upgrade completed

>» and activated.
L™ '

5/30/2024



3 Key Technologies and Applications

L
——Enhancing scene autonomous Eqﬂ[%?f@m’%u

Key technology: collaboration among ATC, airports, and airlines to collectively
achieve vehicle perception
» Conduct flight verification tests based on the 5GAeroMACS network at Honggiao Airport
»|ntegrate the dynamics of mobile area aircraft and vehicles into one system
P Accurately determine the precise locations of vehicles and aircraft
» Establish electronic fenced-off areas to prevent vehicles from entering runways and
T — J— - maneuvering areas

» Vehicle information is also integrated into electric flight strips and advanced scene systems

w  The application has been
approved. Please drive safely

| .8 — 4,
| . :

Vehicle mobile terminal

actual interface

5/30/2024
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4 Future Prospects I’\ ShgEEEE

Continuously carry out runway
incursion prevention work Focus on:
Adhere to the principle of
customization, one airport one
solution

Y Enhancing airport scene detection and
perception capabilities

Y Enhancing system data interaction capabilities

Y Enhancing terminal processing alert capabilities

Y Enhancing airport scene autonomous perception

capabilities

Continuously optimize technology and implement
new technologies

T e

5/30/2024 38
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