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FOR A SAFER WORLD

Digital.
Sustainable.

Safe.

Seminar “Digital Tower + Al: The Power in the Tower”
22 November 2024, Seoul



We set standards

_in.control centres worldwide
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- — Enabling our global | Qurvision

= = customers to make the #1 in safety-
. 1 == world a safer place critical
o R | - 1 control centre
‘ \ N:a -g‘, ! S #fﬁ M,:i.g_‘% ¥ solutions
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4 ... for more than 75 years!
2,300 employees

€427m revenues in 2023

Vienna headquarters

; , W CIN !@B
K 95% of all air traffic :

safely managed by
Frequentis technology

| wy”
.
= 2 50 military

centres and airbases
worldwide use
Frequentis solutions

240,000 km

largest maritime
coastline protected  _ging

4,000+ Liex

workstations ensuring
. safety:in everyday life

<7
- \@,
o

7 of the 10

largest rail networks
in Europe use
Frequentis technology




Frequentis: a strong network around the world
with hubs for added customer proximity

500+

customers

150

countries

150+

Active channel
partners for 125 countries

@ Regional offices @ Channel partners (> Frequentis Hubs

1947 [ 1955 W 1983 1990 - 1999 2000 - 2009 2010 - 2019
. SVK UK GER  CAN USA SG  Aus ROU BRACHI NOR UAE
Frequentis FRA

Vienna, Austria Subsidiaries

b [




OneATM

Digital. Sustainable. Safe.

30.000+ 370+

customers

Working
positions
worldwide

95%

of all air tra_ffip

“Overall

of experience excellence”

in critical in Air traffic mgmt.
communications by CANSO

*)in 2021, the Fi
sus b

in sustainability”

_\__

~

—

Air navigation Unmanned traffic
service providers service providers

—

-~ N
Aeronautical Airports

data service ”
providers 7
~
Flightiinformation Space
service providers agencies i




Leveraging the power of integration.
Focus areas

Accelerated _‘M' - -] Harmonised
| 111
drone management 1 control centres
The power of versatility and integration.

Orchestration of new airspace users.

__ Advanced
Unified aeronautical iEEEL autqmated tower
communications Intelligently connected.

Beyond voice. é{
Frequentis

O n eAT M &, Remote
“R® digital tower

Synchronised (&
y k ud Rethinking airport operations.

traffic operations 8
Predictability beyond data.

Actionable
information management

Beyond digital transformation.

N007,
a;n\,\ '

‘010\\‘

Open digital platform <@
Transformation towards service- v'
based ATM. ATM-grade networks
Leading the way towards
the digital sky.

5 | OneATM Frequentis General | © Frequentis AG 2024




Unified aeronautical communications
Beyond voice

i

aR7 90

N

Increased usability and workflow
efficiency for ATCOs

Seamless integration
of new transport technologies

New operational concepts through
functional integration into ATM systems

Increased safety through reduced
system and media breaks
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Unified aeronautical communications
Beyond voice

GUI integration
in the main

operational s
screen =]

Augmented
and geo-spatial

communication =

(e.g. Flight number,
pilot name...) e

7 | OneATM Frequentis General | © Frequentis AG 2024
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Actionable information management

Frequentis OneATM

Benefits

Beyond digital transformation

Interoperable with open interfaces
and mindset

SWIM-ready, future-ready and
compliant with digital data services

Complete data chain, end-to-end
from service provider to service
consumer

Artificial intelligence
gain advantage through actionable

- information management

Frequentis

OneATM




Actionable information management
Beyond digital transformation

Digital NOTAM platform Digital NOTAM

GIC- = e g

Airport operator ANSP

Proposal creation based on digital

e Approval workflow

SWIM

9 | OneATM Frequentis General | © Frequentis AG 2024
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Publication,
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Synchronised traffic operations
Predictability beyond data

erformance-driven optimisation

Enhanced productivity,
QQ sequence efficiency, and the ability
to predict future traffic load

Heightened situational awareness and
[~ reduced controller workload

0 Improved decision-making process
especially for mixed-mode runways

@ Reduced ground holding contributes
, to a reduction in fuel burn for airlines

World's first integrated 2022 — Merit Award:
AMAN/DMAN Value For Money

ICAO ASBU B2-RSEQ Singapore Minister's VFM Award
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Synchronised traffic operations

Predictability beyond data

Performance

@ | OneATM ATM Group Frequentis General | © Frequentis AG 2023




Remote digital tower
Rethinking airport operations

) Networks

63%
80%
18%

of the countries relying on remote tower
technology use Frequentis solutions

CAPEX savings through reduction of
construction & maintenance costs of
classical towers

OPEX savings through increased
operational efficiency




Remote digital tower
Rethinking airport operations

Enhanced view
for improved
situational
awareness

Operational
efficiency
through centre
operations

Detailed view
through unique
PTZ camera
concept

| OneATM

Increased
safety through
information
correlation

Ready for multi-
remote tower
upgrade

Geo-resilient
multi-tower
operation

Multi-remote digital tower

Frequentis General | © Frequentis AG 2024

X%\H




Advanced automated tower
Intelligently connected

4 Networks

Intelligent automation support

Raising awareness for
enhanced safety and capacity

m Scalable solution architecture

[e]

v

i

Expanding to hybrid digital towers seamlessly

End-to-end tower solution
Turnkey delivery, from surveillance to automation

Your operations in mind
Providing ICWP designs focused on the user

il
il
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Advanced automated tower

Intelligently connected

Flight-plan-
based
operational
concept

Planning based
on flight strips
and
meteorological
data

End-to-end
tower solution —
from
automation to
surveillance

| OneATM

Optimal for
small or mid-
sized airport
without ground
surveillance

Common data
basis between
all solution
components
(EFS, A-
SMGCS, etc)

Frequentis General | © Frequentis AG 2024




Digital Tower
evolution



Deployed solutions in operation around the world
Our experience

DSNA

Remote Tower

ISAVIA
T
Remote tower I——-" A

NAVIAIR
TWR/APP

DES Matching system design

. Jersey RTC i
Hailey Contingency . Hana and application needs
DFS i
USAF Remote TWR )\/;reor:nnn?gmt.
Mil RDT & Depl. Saarbriicken '
. Erfurt

Air Service

CISCEA Remote Tower
Mil. RTWR Alrwa S

EANA Advanced Digital

Vision
enhancement

® New @ In operation

pr
irm::nu
<|I|||||||“
| ETCLTIEE
LLTIIT
|||l|u

LI

(
I
i
ll
o
o
Gl



Advancements in digitalization, safety and resilience
with remote tower technology

Certified for additional airfields
Construction and

. Location independence
maintenance of el Modern & ergonomic working positions
concrete towers 5 \ Qs
On-site systems C’} <
infrastructure 4 ,%\
%) e
<< =z A \
@ ’ = : g
G >
Staff planning \% 7
- Centre operations {p O IS
- Less stand-by staff O& (377 Keeping
- Airport opening dynamically

oY maximum

capacity

- Multi-remote tower operations

Harmonisation of
technology

at night and under poor Bounded
bad weather N lighting objects
conditions W conditions

Infrared HDR
Source: OPEX: DFS study and operational experience; CAPEX: experience from first projects




Opportunities of
Remote Digital End of life of
Tower solutions an existing tower

Greenfield airport:
save on construction budget

Impaired out of

Business continuit
the window view Y

during disruptions of
tower operations

Bridging staff shortages
Flexible distribution of workloads
Job enrichment

Ensure highest
efficiency
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Single Remote
Tower

Examples

« Saarbrucken (DE)
« Erfurt (DE)
« Santa Cruz (BR)

Single Remote Tower
Multi-Remote Tower
Simplified Remote

Visual enhancement

Air traffic control is carried out completely from a remote location

Contingency

Sites Remote Tower Centre CWP
= Airport (Cameras + can contain multiple CWPs to only one airport per CWP
related infrastructure) control multiple airports

= Remote Tower Center
(Controller working
positions)

|
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Multi-remote

Examples

SESAR Validations
- Braunschweig
- Budapest

Single Remote Tower
Multi-Remote Tower

Simplified Remote

Visual enhancement

Multiple airports are controlled remotely from a single CWP in the RTC

Contingency

Panorama layer Control layer Sqelch indication

each airport is planning view to indicate for each airport incoming
represented by a timely separation of squelch indication is displayed
dedicated row of flights at all controlled on the control layer and
panorama screens airports panorama layer in a dedicated

colour (specific to the airport)

21 | Workshop Digital Tower Korea




Simplified
Remote Tower
concept

Focusing on the Cost efficient set up
essentials controllers with very low bandwidth
need to manage low demand

traffic airports

Single Remote Tower
Multi-Remote Tower
Simplified Remote

Visual enhancement Simplified solution supporting small airports

Contingency

WHY Solution

Many countries do not benefit from remote Simplified remote tower solution
tower technology so far, because of: with focus on:

- Lack of internet connectivity infrastructure - Controller’s real needs to control

- Too high investment costs small low traffic airports

- Cost savings are not high enough to - Low network bandwidth demand
achieve a positive business case - Cost efficiency

- Multi Remote Tower Capability

il
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Vision
Enhancement

Examples

« Buenos Aires Ezeiza
(AR),

« Vienna (AT)
Single Remote Tower

Multi-Remote Tower

Simplified Remote

Visual enhancement

Ensure full vision also in blind spots from the tower window

Contingency

WHY Solution
Air traffic controller's out of the window view Overcome these issues with vision
is regularly impaired, e.g. due to: enhancement features set up in

o Buildings obstructing the view brick and mortar towers.

o Construction work
o Low visibility (fog, sand storms, darkness)

o Long distances between the viewer and the
objects

b [

23 | Workshop Digital Tower Korea




Contingency

Examples

» Auckland (N2),
« Jersey (JY)

Single Remote Tower

Multi-Remote Tower

Simplified Remote

Visual enhancement

Ensuring business continuity

Contingency
Reqular operations =)  Contingency CWPs
air traffic control is still depI?tygd (;9 f\ dedicated fcontl?hgepcy centre —
carried out from the a certain distance away from the tower
brick and mortar tower In case the tower becomes unusable, air traffic control

is moved within 30 minutes to the contingency centre
at 100% capacity

b [

24 | Workshop Digital Tower Korea




A-SMGCS
Introduction



A-SMGCS function blocks

Guidance service “L4.5”
Harmonised situational awareness

Guidance service “L4”
Harmonised situational awareness

Routing service “L3”
Control

Safety service “L2”
Alerting

Surveillance service “L1”
Harmonised traffic picture

November 2024

26 | Workshop Digital Tower Korea

A-SMGCS

TowerPad

Onboard moving map

Follow the greens Onboard moving map

Pre-defined /

Manual / automatic Adaptable

RMCA CATC CMAC

Runway monitoring and Conformance monitoring

conflict alerting Conflicting ATC clearances alerts for controllers

MSDF Multi-sensor data fusion and tracking

Radar ADS-B MLAT Video

Electronic Clearance Input




27

TowerPad: rethinking A-SMGCS

Example: improvements with “Follow the greens”
CAVOK Lve

Predictability

Communication Time -48%

Taxi Time -17% - -3@

Taxi Interruptions -41% -66%

Fuel Burn & CO, -19%  -41%

“‘Based on more than 650 movements, one of the airports at which the solution
was validated recorded a 25 % reduction in taxi time, while radio transmissions

fell by the same amount. Clearance delays (the time between the pilot’s push
back request and actual clearance) fell by two thirds.”

(Source SESAR SOLUTIONS CATALOGUE 2019 third edition p.31 SJU references: #47/ release 5)

| Workshop Digital Tower Korea November 2024 General | © Frequentis AG 2024

v Higher safety

v Reduced workload
v Continuous taxiing
v’ Less delays

v’ Less emissions

v More throughput
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Multi Sensor
Data Fusion &
Tracking



g

MSDF

Multi-sensor data fusion & tracking

Surveillance engine

for centre and tower B N
ing reliable and accurate situational awareness

More than
20 years of
experience

Versatile # Sensors (9 Core engine Compliant

Surveillance for ACC, Number & kind of SMR, PSR, SSR, ASR, 9 upgrading sensor data Standard compliant
A &f i # APP, TWR, RDT, sensors, targets, DOI, Mode-S, MLAT, ADS- to traffic situation for traffic situation picture,
traffic situation for centre C-UAS service outputs, units B, ext. tracker, EO/IR, .. N air & ground ESSASP, ED87D, ..

and tower solutions

highly adaptable, ready for * L/é\ E

heterogenous environments

29 | Workshop Digital Tower Korea




Surveillance engine of Frequentis centre and tower solutions
MSDF: diverse fields of application

Sensors o App use cases
] \)
Radars \0\\)
PSR SMR,SSR. & a9 A-SMGCS
Mode-S, ASR, CMB 6\\0 N
— S i
ADS-B o™
ground & L N Counter UAS / UTM
space-based = L
S \
‘((ac\(‘“g s
Multilateration &% , .
local & wide area % gEO/R tracking serviceé Remote digital tower

External tracker

Measurements &

Main/backup tracker

ATM

sources & target reports
E— SF se
rvj
INCS i . .
electro-optical |_~,§ A4 Primary sensor fusion
sensors S@
B Wice
— .
UAS sources ____ /”O/;e/ ,
cooperative/ K Sep . ADS-B spoofing agent
non-cooperative /7’/(;@

New sensor
technologies




Demonstration
TowerPad
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Controller working position

Ground traffic optimisation with extendable services and flexible iCWP display

RWY INCURSION
ETD? &F2
BTN 305

Surveillance Service Safety Service
7__&:77?_7:—_; — o ;j; _=_- T_:_ - - g 33: ________ Juans ;_; - ._r = ‘—74. = . = ;7 ;— j‘__— - _T ;
MG M9 M10A hil2 B MI3A M14A =
i M N, = ol ol | f
Ajm ;L \ \
ik MO i M138 M14B M15 I
= — )y S
-::.;3; T - —— = — e =i
I e e ——— — —— A %
K6 K7 e K9 K10 K11 | K12
K4 K5 » i K l
WAE 30R 18 Ké Z5 > ’ZET ________ J‘t -
B K E e o et e 4t - &

| Workshop Digital Tower Korea

Routing Service

November 2024

General | © Frequentis AG 2024

. f UAE564 30R
oL B7I2 AV TX K12

Guidance Service
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Air Traffic Controllers’ Feedback
Enhanced levels of safety and predictability leading to a better service to the airlines

Andrew Edwards Donovan Hoey
Training Specialist Operations|'Specialist

>> It allows me to go non-standard at a higher level of safety | have much more time to plan further ahead at pre-tactical level
| can see upfront if a situation has been deconflicted I have maximum time for scanning the entire situation
Even in a very busy situation | can see what’s happening everywhere It supports my workflow and | can keep the traffic moving at a

higher rate




Human factors benefits

Improved situational awareness Reduced workload

TWR in VMC TWRin LVO GND in VMC GND in LVO

2 operators

5 | 5 5

4 4 1
o

3 S 3 3
wl

Score

1 operator

Baseline TowerPad Baseline TowerPad Baseline TowerPad Baseline TowerPad

Results measured in SESAR VP-759 Validation Programme - Frankfurt Airport
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Digital Tower features
shown in demonstrations



Harmonized
panorama view

smartVISION stitching,
harmonised, high dynamic
range, SW optimised

Stitched and
contrast harmonised

_— —— | Stitched

. h - Unstitched

Avoids ATCO fatigue
and mistakes
because of doubled
objects

36 | Workshop Digital Tower Korea SES==SS5E5s S




High Dynamic
Range (HDR)

Representing a
greater range of
luminance levels —
close to human eye

37 | Workshop Digital Tower Korea

Capturing and combining multiple different narrower
range exposures of the same subject matter

b [




Advanced PTZ
Camera
designed for
ATC digital tower
applications

One modular PTZ
system supporting

= visual
= advanced IR
= light gun

38 | Workshop Digital Tower Korea

Visual camera &

Light gun

Fast and
accurate
positioning

High range
visual zoom
sensor (30x)

Full HD 1920 x
1080/ 30 fps

EUROCAE ED
240 &ICAO

(Light Gun)
compliant

Integrated
light gun
ICAO certified

Detect T

aircraft

in far distance

Improved
situation
awareness

IR during night or low
light conditions

IR module

(uncooled — low
maintenance, high
sensitivity)

Dual fov —4,6° and
14,3°

in traffic pattern &
final APP; detailed
view of AC config.;
early indication of
change of course

Emergency
signalling

tracking function in
combination with
light gun

Automatic
tracking

based on surv. and
bounding




Enhancing the
tower view with

thermal IR

Full day and i Better i Better

night visibility visibility in ground / sky
Use of thermal IR . sand / dust / contrast
technology, object : - fog
tracking & -

augmentation

No sunlight H Better
reflections identification
of aircrafts,
cars, people,
wildlife
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Augmented C Q1031 04/M01 22509KT VMC

reality

Harmonized panorama view

HDR

PTZ

Thermal IR

AR

Reduced N Higher
head down situational
times awareness

40 | Workshop Digital Tower Korea




Advanced
augmentation -
surveillance
label

Support CAT 62, CAT 20,
CAT 21, CAT 48

Configurable design

41 | Workshop Digital Tower Korea

Interpolation
& prediction

(compensate timing
& update rate)

Support of

multiple layers
(change between
different designs)

Transparency
to avoid
overlaps

Filtering
based on time
& distance




Operational proven

Bounding based
on object
detection &
tracking

42 | Workshop Digital Tower Korea

Latest Image
Processing
Technology for
detection of
small targets
(based on
motion)

Support of
visual and IR
image sources

Customizable
for specific
detection use
cases by
support of
masks and
multiple profiles

Output of
surveillance
feed (CAT 15)
for data fusion

Al-based cloud
filter

Full panorama
resolution and
up to 30 fps for
smooth tracking

Support
separation of
aircraft in
traffic pattern
and final
approach

Detect aircraft
or vehicle on
runway

gl
i
o

I
o

bl [l
¢
T
mi
il

| 1 LLITO
([P



Multi-Remote
Tower features

Holistic overview
of all airports

Enhanced
situational
awareness

43 | Workshop Digital Tower Korea

LHBP PLANNING LHPA PLANNING
o 10

LHPA ACTIVE AIR
LHBP RUNWAY 13R LHPA RUNWAY 3K LHDC RUNWAY 05R
LHBEP ACTIVE EROLUND LHPA ACTIVE GROUND LHOC ACTIVE GROUND

Multi-airport flight planner

Squelch highlighting

b [







A7 v A5 DIGTAL+A ZHMO|L}

=
Future Air Traffic Management DIGITAL + AI Int. Seminar

SESSION®

"OFEAX| 2 ATFM 2HH it

oy
44 40

m
[l
Ofm
I

40
e

00t oot
Ol Okl
El

ofm ofm
PX

ox I
ic|

53



MZI0|2HEB 1S DIGITAL + Al ZAAIO|Lt

Memo

54



.....

FM
OFEf X[ AT
Hix| 5{3}

= L

MZIo Eﬂﬂ"-"'g a’ DILI'
,2 .1 .

ERgs o
O z’zi'--E-E-r
o

Aloke] &y




Lzt Fo Qg #32

ATFM O

)2 "Chengdu;
e L L

Kunming
BRHH

YUNNAN

a)

Chiang Mal
iR

Chonggqing
L 3

GUIZHOU.
FUJIAN

GUANGXI GUANGDONG

Shenzhen

i) R

@il o
g Laos Haiphong

Vientiane

ap'ﬂn
{
{

Bangkok
NPNNUNINAT

Pattaya City

Paracel
Islands

Vietnam

Ho Chi + Nnha Trang

[
Thailand

2t 29

"'\

Minh City *

Dalat

v e

. Shenyang _
b
ia;:ﬁ? /North Korea

Pyongyang
Y

Qingdao
L Lo

South Korea
e Fukuoka
wE

Shanghai
is ]

. Hangzhou  g.q; crina Sea
170,00

Sulu Sea




ATFM £¢] o|H

Area Control Center(ACC)

$397IACC

$39JIACC

- X|HBHME{(ACC) 2t X} Eho|A-2sHiZEMof| 2}, 2HH|0|Y FIX 7| & Restriction(MIgtALE) fM 45 Wa
- ACC ZHA A2 S20IFAIZHEOBT) 302 M, H|$ZI7|EX| &2 — ACC2| Release Time +& |4t

ATFM £} o™

- (8#37|->TWR) Push Back 2%, (TWR—ACC) Release Time Rﬁ
- (ACC—TWR) Release Time &5, (TWR) Release Time= &43510{ &37| 0|§



ATFM, A-CDM =¢}

ATFM System, A-CDM System2 S8t, (EOBT 1202 M) CTOT(Calculated Take Off Time) &5

ATFMS| o4& - 1 : QI 7t §iE




ATFM2| %48t -2 : x| Lji &

ATFM2| m3fA

3+ ICAO
_ INTERNATIONAL CIVIL AVIATION ORGANIZATION

Doc 9971

Manual on Collaborative
Air Traffic Flow Management (ATFM)

Third Edition, 2018
ASIA/PACIFIC REGIONAL FRAMEWORK
FOR

COLLABORATIVE AIR TRAFFIC FLOW MANAGEMENT

Version 4.0 October 2022

This Pl wasdeveloped by the AstaPaciic A Traflic Fow Management Steeing
Group (ATFMISG)

INTERNATIONAL CIVIL AVIATION ORGANIZATION

ICAO Asia/Pacific Regional Framework for Collaborative ATFM

ICAO Doc 9971 : Manual on Collaborative ATFM
(Version 1.0 2015 ~ Version 4.0 Oct 2022)

First Edition 2012, Second Edition 2014, Third Edition 2018



ATFM2| n iy

8.5.39 In an ideal scenario the ATFM service for a given region would be provided by a_centralized ATFM
organization supported by local FMUs In many TEQIOOS of the world, however, a smgle ATFM organization may not be
feasible due to political and instif In these i is placed on tion and on
projects such as the multi-nodal cross-border ATFM.

{.& ICAO 85.3.10 Confronted with the hurdles associated with the establishment of a central ATFM unit, some States have
decided to implement _ugmym_gw_ggm relying on national resources and international cooperation, In
this case, multiple s in a region and operate ATFM systems, which impact multiple FIRs/sectors

of airspace/aerodromes (possibly in more than one State) as is illustrated in Figure 11-8-2.

85311 In this concept, eam ANSP operates an independent, virtual ATFM/CDM node supported by an

Doc 9971 h The flows of air traffic are then being effectively managed based on a
common set of agreed pnnc:plss among the participating ANSPs and airports. A node comprised of the ANSP and
E associated aerodromes is able to manage the demand and capacity through adjustments in aircraft calculated landing
Manual on Collaborative times (CLDTSs), which generate calculated take-off times (CTOTS) for particular aircraft at the departure airport.

Air Traffic Flow Management (ATFM)

8.5.3.12 Each ANSP performs demand and capacity balancing within its own area of authority. Where ATFM

measures require participation of regional and international flights, the flows will be by the agreed
Third Edition, 2018 procedures.
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8.5.39 In an ideal scenario the ATFM service for a given region would be provided by a centralized ATFM
organization supported by local FMUs In many reguons of the world, however, a single ATFM organization may not be
feasible due to political and instif In these it is is placed on lion and on
Projects such as the multnodal cross-border ATEM.,

@ ICAO 85310  Confronted with the hurdies associated with the establishment of a central ATFM unit, some States have
R decided to implement international cross-border ATFM relying on national resources and international cooperation, In
this case, multiple 's in a region it and operate ATFM systems, which impact multiple FIRs/sectors

of airspace/aerodromes (possibly in more than one State) as is illustrated in Figure 11-8-2.

85311 In this concepl each ANSP operates an independent, virtual ATFM/CDM node supported by an

Doc 9971 The flows of air traffic are then being effectively managed based on a
common set of agreed pnnuples among the participating ANSPs and airports. A node comprised of the ANSP and
% associated aerodromes is able to manage the demand and capacity through adjustments in aircraft calculated landing
Manual on Collaborative times (CLDTs), which generate calculated take-off times (CTOTs) for particular aircraft at the departure airport.

Air Traffic Flow Management (ATFM)

8.5.3.12 Each ANSP performs demand and capacity balancing within its own area of authority. Where ATFM

o measures require participation of regional and international flights, the flows will be by the agreed
Third Edition, 2018 procedures.
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Distributed Multi-Nodal Network ATFM Concept

3.13 The ATFM/SG/11 meeting also stressed that amendments to the Framework must remain
aligned with the APANPIRG-approved Asia/Pacific ATFM Concept of Operations.

3.14 The core concept of the Framework is the Distributed Multi-Nodal ATFM Network, i.e., a

network of Air Navigation Service Providers (ANSPs) and/or Sub-Regional Groups leading

independent ATFM operation within their area of responsibility and connecting to each other through
information sharing framework. The ATFM operations in each node will be based on regionally agreed

principles and high-level operating procedures.

3.15 The concept has been accepted into the Asia/Pacific Regional Framework for
Collaborative ATFM as a viable solution for the region.
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ICAO Asia/Pacific Regional Framework for Collaborative ATFM

(Version 1.0 2015 ~ Version 4.0 Oct 2022)

ATFM2| 13tA|

CIVIL AVIATION

ASIA/PACIFIC REGIONAL FRAMEWORK
FOR

(COLLABORATIVE AIR TRAFFIC FLOW MANAGEMENT

Version 4.0 October 2022

Growp (ATFMISG)

Approcd vy .
1CAO Asia wnd Pcic Office, Banghok

Distributed Multi-Nodal Network ATFM Concept

3.13 The ATFM/SG/11 meeting also stressed that amendments to the Framework must remain
aligned with the APANPIRG-approved Asia/Pacific ATFM Concept of Operations.

3.14 The core concept of the Framework is the Distributed Multi-Nodal ATFM Network, i.e., a
network of Air Navigation Service Providers (ANSPs) and/or Sub-Regional Groups leading

independent ATFM operation within their area of responsibility and connecting to each other through
information sharing framework. The ATFM operations in each node will be based on regionally agreed
principles and high-level operating procedures.

3.15 The concept has been accepted into the Asia/Pacific Regional Framework for
Collaborative ATFM as a viable solution for the region.
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ATFM Communications by AFS

5.75 Recognizing that States’ needs for ATFM may vary, where necessary ATSUs may
participate in collaborative ATFM without having the need for dedicated ATFM sy

The Aecronautical Fixed Service (AFS) may provide a suitable method for dnsmbutlon of ATFM
measure information to such ATSUs.

5.76 Given that the main ATFM measure used in Asia/Pacific under the Distributed Multi-

Nodal ATFM Network concept is the Ground Delay Program (GDP), the ability to exchange Calculated

Take-Off Times (CTOTSs) and other iated data el in machine-readable formats over AFS

(AFTN/AMHS) between not only ATFM systems but also ATM automation is critical, The ATFM/SG
therefore studied the best practices from other regions on the topic, with particular attention paid to the
EUROCONTROL Specification for ATS Data Exchange Presentation (ADEXP) which governs the

AFS-based exchanges of ATFM slot-related messages within the European ATFM network.

24k HE|-LL 2 ATFM HIEQ|3 FHgo| w2} Ofel X0l M A El=
ZQ ATFM EX|7} X|4 X|91 T2 I2(GDP)0|2H= A2 12t of
ATFM A|AE @0t OFL|2t ATM 1S3t 740l AFS(AFTN/AMHS)E
Sall AlAtEl O|F AlZHCTOT) ¥ 7|E} 23 H|O|E QAE 7|7 =
7tstt Ao s 532 i S2ELICE It ATFM/SE
0| Z=H|oj| CH$t CHE X[ I Al|E Hqdien, £35| R ATFM
HES3 LHoll M ATFM & =& HAIX|2| AFS 7|8t mets 2atsts
EUROCONTROL ATS G|0|E{ w8t Z2jHIE|0] M AtRFADEXP)O|
FoIE 7|8 &LICE

ATFM Communications by AFS

5.75 Recognizing that States’ needs for ATFM may vary, where necessary ATSUs may
participate in collaborative ATFM without having the need for dedi ATFM syst

' The Aeronautical Fixed Service (AFS) may provide a suitable method for distribution of ATFM
measure information to such ATSUs.

5.76 Given that the main ATFM measure used in Asia/Pacific under the Distributed Multi-

Nodal ATFM Network concept is the Ground Delay Program (GDP), the ability to exchange Calculated

Take-Off Times (CTOTs) and other associated data elements in machine-readable formats over AFS
(AFTN/AMHS) between not only ATFM systems but also ATM automation is critical, The ATFM/SG

therefore studied the best practices from other regions on the topic, with particular attention paid to the
EUROCONTROL Specification for ATS Data Exchange Presentation (ADEXP) which governs the

AFS-based exchanges of ATFM slot-related messages within the European ATFM network.

EAY HE-LE ATFM HIE{S 7H'Fol| 2t Ot X[HojlA AL8El=
F2 ATFM Z=X|7t X4 X|o1 =2 32(GDP)0|2Hs M2 12{gt o,
ATFM A|AR 20t OFL|2F ATM XtES3t ZH0ll AFS(AFTN/AMHS)E
Sall AlLHEl 0| AIZHCTOT) & 7|Et 2t HIO|E| 48 7|A| H#5
Jtst AR nEshs 532 iR SQELIC. et ATFM/ISE
Of F=H|ofl Ct CHE X[2| =Y AM|E A7, 53| RE ATFM
HEXI LHoJM ATFM £& 2t HIAIX|2| AFS 7|8 nghs 2Hash=
EUROCONTROL ATS Cf|0|E{ 1t Z2{|HIE]|0] 4 AFF(ADEXP)O
FOIE 7|S2REUIC
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Figure 5 is an example of a SAM message that follows the ADEXP structure:

o-OACL.,

¢, )
@ —TITLE SAM
‘... Z, —ARCID SAA123
CRD —ADEP FAJS
—ADES FADN
—EOBD 100303
—EOBT 1020
uMm':: REGION —CTOT 1035
AR TRAPFIC FLOW MANAGEMENT —REGUL FAJS
—TAXITIME 0015
— —REGCAUSE WA 84

Figure 5: SAM message using ADEXP structure
e ————————————

Sub-Group of APANPIRG (CNS SG)

ICAO Asia/Pacific AFTN/AMHS ICD for ATFM
(Version 1.0 2019 ~ Version 2.0 2020)
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319 x| 1§ : ATFM/SG, AMNAC, NARAHG

24502 stolel gzl 2 20| YR

>

7t ZH MAEE S8 CTOT gt



ATFM 29714

SU3IE ATFM EAH] ATFM
(Centralized ATFM) (Distributed Multi-Nodal ATFM)

(oparues ) - (_overy ) e (_amvat ) [ ooparre ] - _overty ] i [ amivat ]

[

e —

ATFM 2719

SYstE ATFM 24 ATFM
(Centralized ATFM) (Distributed Multi-Nodal ATFM)

090
/@\

X
o

O
Centralized O
O

\ /
-85

ATFMU




OLENX| 2¥7Hd

0Q0

O /@\ O

ee

295

O

ATFM/SG

ICAO Asia-Pacific ATFM Steering Group

AMNAC

Asia-Pacific Cross-Border Multi-Nodal ATFM Collaboration

NARAHG

Northeast Asia Regional ATFM Harmonization Group

EATMCG

East Asia ATM Coordination Group
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Evolution of Asia-Pacific ATFM
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Technical Development
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. CRACP = Cross Region ATFM Collaborative Platform
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[ First mentioned on NARAHG/3 in 2015 by China ]
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Shanghai ATCC and Fukuoka ATMC CRACP test
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Regional ATFM
Concept of Operations (CONOPS)

ATFM/SG/10 - WPOT
Attachment |

9 NARAHG
%

Sesmins Cro Border ATV

1 ATFM H

1 A
(NARAHG)
Concept of Operations (CONOPS)

Version 1.0
Published by NARAHG Small Working Group (SWG)
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Figure 5 Process of Cross-Border ATFM
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® 1. Possible solutions

Understanding each other's needs, identifying unnecessary conflicts, and

Preventlon Prevent Conflicting CTOTs in advance

1. Proactively identify conflicting CTOTs : identify overlapping flights
2. A tc h vh p ion( iction size) is greater

3. ATFMU requiring the greater separation issues the CTOTs

Most Penalizing Regulation

If the facilitating ATFMU receives multiple CTOTs,
it adopts the CTOT with the latest one(largest delay)

Latest CTOT

The most upstream of multiple ATFMUs issues CTOTs
One CTOT

that includes the requir ts of d eam ATFMUs

Air Traffic Management Office
MOLIT, Republic of Korea

(AMNAC/21) C ing ATFM Concept paper O
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OH ﬁEl-!l:H' #.x_' %3!} -AMNAC/21 2.2 Following the discussion at AMNAC/20, ATMO and ATMB had developed further

thinking around the issue and presented to the AMNAC Core Team during the Core Team
session of AMNAC/21. Based on the discussion, the AMNAC Core Team identified 3 strategies
to address the conflicting ATFM measures issue:

(1) Prevention —The first strategy aims to prevent the occurrences of multiple ATFM
measures by increasing capacity and enhancing coordination among different
stakeholders.

(2) Identifying Hotspots — The second strategy involved identifying hotspots in the
region, such as specific routes and waypoints, that are frequently subjected to
multiple ATFM requirements or constraints. ANSPs/ATFM units involved in the
hotspots could use the information to collaboratively improve the management
of traffic in the area and reduce the need for multiple ATFM measures.

(3) One CTOT Solution — The third strategy proposes to consolidate all ATFM
measures along the same flow into a single CTOT by the most upstream ATFMU,
which would help to reduce the risk of a flight being subjected to multiple CTOTs

‘—_‘? but would require very effective CDM among ATFMUs involved in the traffic

21ASIA-PACIFIC CROSS-BORDE flow.
MULTI-NODAL ATFM eonum:nou

23 Based on the strategies above and recognizing that the Southeast Asia — Northeast
Asia is one of the main traffic flows in the region often faced with multiple ATFM measures,
the AMNAC Core Team agreed to have ATMB (China), HKCAD (Hong Kong China), and ATMO
(Republic of Korea) conduct operational trials based on the One CTOT Solution concept and
bring the results for further discussion by the AMNAC group at the next meeting. It was
expected that this operational trial would potentially pave the way for effective resolution of
conflicting ATFM measures in the region.
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4.57 The AMNAC Team identified three (3) strategies to address the issue of conflicting
CTOTs including:

a) Prevention — The first strategy aims to prevent the occurrences of multiple ATFM
measures by increasing capacity and enhancing coordination among different
stakeholders.

b) Identifying Hotspots — The second strategy involved identifying hotspots in the region,
such as specific routes and waypoints, that are frequently subjected to multiple ATFM
requirements or constraints. ANSPs/ATFM units involved in the hotspots could use
the information to collaboratively improve the management of traffic in the area and
reduce the need for multiple ATFM measures.

¢) One CTOT Solution — The third strategy proposes to consolidate all ATFM measures
along the same flow into a single CTOT by the most upstream ATFMU, which would
help to reduce the risk of a flight being subjected to multiple CTOTSs but would require
very effective CDM among ATFMUs involved in the traffic flow.

4.58 The meeting was informed of the operational trial between China, Hong Kong China and
the Republic of Korea would be conducted based on the One CTOT Solution to tackle the issue of
conflicting ATFM measures along the Southeast Asia - Northeast Asia traffic flow.
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Sample: One CTOT Solution (OCS) A

The One CTOT Solution (OCS) operational concept aims to enhance Air Traffic Flow Management
(ATFM) by consolidating all ATFM measures along the same flow into a single Calculated Take-Off
Time (CTOT). This approach streamlines operations, minimizes delays, and improves overall efficiency

by reducing the likelihood of a flight being subjected to conflicting ATFM measures.

The primary objective of OCS is to integrate ATFM measures from various initiating ATFMUs, acting
as the ATFM Requirement Units (ARUs), and consolidate them through a single CTOT determined by
the ATFM Harmony Unit (AHU). This ensures that flights comply with all constraints and ATFM

requirements while maintaining optimal flow, reducing the operational burden on all stakeholders.

Description Essential Vocabulary Recommended Phraseology Example Case Study
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Regional Cross-Border ATFM Virtually! Really?

“In computing, the term virtual refers to a digitally replicated version of something
real, whether it's a machine, a switch, memory or even reality. It is distinguished
from the real by the fact that it lacks an absolute, physical form. However,
functionally it is no less real.” Tech Target

ATFM in the Asia Pacific is approaching an inflection point.

At the Asia Pacific Cross-Border Multi-Nodal ATFM Collaboration (AMNAC) meeting
held from 14 to 18 October, CANSO introduced the idea of the Next Generation ATFM
for the region which the group agreed to further evolve. To understand where we
can go next, we need to first understand where we came from.

The original concept of ATFM can be traced back to the ICAO European Air
Navigation Conference in 1971 which established the term “flow control” to balance
rising traffic demand with ATS capacity. Despite the idea of a European Flow Control
Centre being surfaced in 1972, 12 European ATFM units were subsequently
established at the national level. Cross-border coordination was limited as the
approach was not whole-of-region. It soon became obvious that this arrangement
was not good enough. No real change happened until air traffic delays became
headline stories. This triggered the European Transport Ministers' decision in 1988
that led to the formation of the Centralised Flow Management Unit.

The situation in the Asia Pacific today bears some similarities to Europe before 1988,
albeit with more cross-border awareness. Asia Pacific States with large domestic

i oedoun ATEM maushostbin thau national bordacs Initial burlimitad coss.
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Py Asia Pacific Affairs,
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ATFM in the Asia Pacific
‘1‘ is approaching an

inflection point

Similar Posts

Learning lessons to build @
resilience

CANSO drones exhibition wins @
over European Parliament




By

CANSO

CANSO we!

bsite - News & views ~ Blog - Regional Cross-Border ATFM Virtually! Really?

Regional Cross-Border ATFM Virtually! Really?

SUBSCRIBE JOIN CAN

ATFM2| 22l 7HE2 1971 ICAO RE &3 3[2/0f|M B7I5ts 8 =22

ATS =8

ot

g o

b

0!

£

o U '10|'

tu ok
r2I=J

—

2712| & ATFM 7| 20| =7} Xj2l0l| A = ASLICt.

LA|0] X[ FA|7} OFL|7| TiE0l| =F 2t =FO II1I°*EI &L Ch
218t ®MA 7 SESHX| §th=s A0l EHHMSLICE

S X[i0| sll=atelS FAIE wintx| AEAQl Heh= AOLEX| FASLIC.
il 1988 RE usF

02

#S59| 2Y0| FLE|0 TY HSIA 5822 7|20| Y=

2ol D2 HFY| flst "SEHE|"2t= 8012 HEIE A= Hed 22 + UASLICH

5
1mwa°a§§£|wawmdowmwwhﬁa|§E2ﬂ%ﬂ5§4ﬁﬂ

=

Bt iy
ANSO Pt I o

CA

NS

50 we

bsite News & view Blog - Regional Cross-Border ATFM Virtually! Really?

Regional Cross-Border ATFM Virtually! Really?

oI5| Teto gt 2247t AS ALULICH ANSP= SHIAHE S47LE 7|1E ATFM AIHRE
Six|HOF &7t Bt FRAE o USLICH ATFM A&t == 7H40|X| 2, RZ0fl= 21ZH0|
EXH0 7|E ATFM Atisel Het2 Tistet ALt FIHKIE0| S 3= SHE &

0

= =
U= A2 A 20| AHUE0|HH 2% 0]20] &|li= R0 AILZEICH= ALIC

o
I
|'(JII
E
=

x| ATFMQ| 7} 2
15t EHM S 2E5H7| 2lH

* A
mr zye = x5 Y

Jiok
rh

o

Eorr

rrmjo
OE

.
_|>

|o] o]l w2} SratA ZAULICH AMNAC 3l2|0llA CANSOZ H|QHsh 24X,
22 f0|E|0101| Cheh MZ[E FF35H= 8t 71K G2 Algls dA

2LICt. AMNAC 2.02| A|Zt0| Z177t9)

>
=

i
oh
rir
)U

;k!
o>
i
fal



ZAFELICt

YTuEEy YTREXYD
Yon Fow

053-668-0494 O IEasy

dIugER




A7 u]H g5 DIGTAL+A ZHMO|L}

Future Air Traffic Management DIGITAL + Al Int. Seminar

SESSION®

“FREQUENTIS DIGITAL TOWER Tech Demo “

BAUMHOLZER David

Frequentis Australasia Pty Ltd
Senior Solution Consultant,
Technical Solution Manager
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DIGITAL+AI

“ FREQUENTIS DIGITAL TOWER Tech Demo “

1AD demongpay,

| Frequentis Presentation

[ IFATCA Annual Conference 2024, Singapore
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“ FREQUENTIS DIGITAL TOWER Tech Demo “
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Future Air Traffic Management DIGITAL + AI Int. Seminar

SESSION®

“FREQUENTIS Tower Pad A-SMGCS Demo *

Peter Gridling
Frequentis HQ Vienna, Austria
Senior Solution Consultant,
Advanced Digital Tower Automation
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“FREQUENTIS Tower Pad A-SMGCS Demo *
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Future Air Traffic Management DIGITAL + Al Int. Seminar

SESSION®

" GOAMACE AVCS, K-UAMCS Demo “
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" GOAMACE AVCS, K-UAMCS Demo “
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Korea Air Traffic Controllers™ Association
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ABOUT
FREQUENTIS OneATM

Frequentis was established to develop technologies for a safer world.
This philosophy is still valid, but today our ambitions reach even furth
With Frequentis OneATM we offer a holistic approach to address ATM
needs today and in the future, leveraging the power of integration by uni-
ting market-leading technologies into one open ATM ecosystem.

DIGITAL.
SUSTAINABLE.
SAFE.

Air navigation service providers seek to introduce the latest technologies
in order to increase their overall performance and harmonise opera-
tions across the multiple centres they operate. The latest technologies
also make it easier to adopt new organisational set-ups when and where
required. This is where Frequentis leads the way, by continuously inno-
vating, by integrating multiple solutions to simplify the way operations
are run, and by achieving the highest performance in order to guarantee
safety and continuity.




FREQUENTIS OneATM

FOUNDATIONS

Simplicity, openness and performance are the

foundations on which OneATM is built.

ONE AERONAUTICAL SUITE

Frequentis offers a full set of market-leading
products to cover all ATM operational needs
today and in the future.

PROVEN AND TRUSTED

More than 75 years of experience in safety-critical
environments, with ten thousand positions installed
around the globe, make Frequentis a proven and
trusted partner for providing safety-relevant systems.

INNOVATING THE SAFETY
CRITICAL ENVIRONMENT

Innovation is the engine that drives Frequentis.

Finding the right balance between the power
of innovation and the need to guarantee a
safety-critical environment.

i \-—~ . ‘-‘\

With OneATM, Frequentis addresses the key airspace challenges with a
single objective in mind: to break down both technical and organisational
silos and move to collaborative operations. Doing so will drive strong
improvements in all areas of airspace operations and is the basis for a
safer airspace.

OPEN FOR INTEGRATION

Technologies can operate as stand-alone or united
in a single best-in-class system, providing strong
operational advantages and productivity gains while
reducing operational risks.

DRIVING SIMPLICITY &
PERFORMANCE

Simplicity and performance are part of our DNA. We strongly
focus on the integration of new digital technologies to bring

operational performance to the next level.

ASSURING OPERATIONAL
RESILIENCE

Cybersecurity and system resiliency are critical

requirements in guaranteeing airspace safety.
Frequentis OneATM ensures the best operational
resilience throughout the entire lifecycle.



FREQUENTIS OneATM
FOCUS AREAS

Frequentis OneATM utilises integration capabilities to transform

airspace management in multiple dimensions. The visionary aspects
and advantages of OneATM showcase our direction and the potential

of our technology. Exploring the focus areas of Frequentis OneATM
will reveal the impressive benefits of our integrative approach.

Accelerated drone management

Safe and compliant orchestration of new airspa-
ce users: Fair access to all users is essential
in a unified airspace. Frequentis offers SWIM-
compliant UTM services based on an ATM-
grade back-end.

iz

Advanced automated tower

Intelligent and connected: Seamlessly integ-
rated flight information, surveillance and
communications provide excellent situational
awareness and enable automated decision
support for air traffic controllers.

hd

R

Remote digital tower

Rethinking airport operations: New concepts
for the management of digital towers that
allow for a smooth evolution to new operational
models and the seamless integration of new
technologies.

Actionable information management

Beyond digital transformation: Harmonised
systems enable digitalisation whereby automa-
tion systems can safely identify, interpret, and
exchange data then bring it to the attention of
the ATCO at the right place and time.

Harmonised control centres

The power of versatility and integration: Fully
expandable and modular architecture enabling
the continuous addition of functionality through
easy integration. Air traffic controllers can
access the information and controls required
for enhanced situational awareness and faster
reaction times.

Open digital platform

Transition towards service-based ATM:

The foundation of the OneATM ecosystem is the
MosaiX platform, which hosts the applications
and enables their smooth and easy integration.
This paves the way for new operational concepts
and environments.

&

ATM-grade networks

Leading the way towards the digital sky:
Next-generation communication technologies
for both air-ground and ground-ground
communication with ATM-grade reliability.

Unified aeronautical communication

Beyond voice: Seamless and harmonised
communications between controllers and
pilots, regardless of technological boundaries.
Integrating verbal and non-verbal communi-
cation in one unified solution.

Synchronised traffic operations

Predictability beyond data - performance
driven optimisation: Unique toolset optimising
the entire flight operation, providing stakeholders
with a combined 4D view of their operations,
ensuring continuous high performance.
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Remote Digital Tower

FREQUENTIS DFS
AEROSENSE



Balancing modernisation and cost

Air navigation service providers (ANSPs) and airport operators around the world are
facing increasing pressure from airspace users and competition in tower air traffic
control (ATC) markets. They face the challenge of modernising air traffic control services
to increase efficiency, while at the same time reducing cost and meeting performance,
safety and regulatory requirements.

Business needs of airport ATC operations

In order to achieve their ambitious goals, ANSPs and airport operators are looking for options to leverage
shared assets, improve operations and explore new concepts of operations.

Operational advantages

Harmonising ATM technology Increased safety & capacity 0
Up to 1 Eg /6

with new technologies, e.g. IR

savings on OPEX

Multiple tower operations Job enrichment

Redundancy with full capacity Location-independency

Business

case

Internal rate of return Salary & staffing structures

Distances & infrastructure on sites Up to 8 O O/o
Infrastructure and Improved staffing savings on CAPEX
synergy effects efficiencies in OPS

. and engineerin
Commercial factors . ¢

Individual solutions for different airports

Remote Digital Tower enables the provision of ATC services from different geographic positions, using a
multitude of local sensors, visual and infrared technology including advanced tracking and video processing and
surveillance solutions based on multi-lateration or ADS-B, in order to provide the situational awareness needed
for the controller to safely operate an airport. An ATM-grade network provides reliability and performance

to safely connect the airport with the remote tower control centre, where ATC operations are employed using
newly designed remote tower controller working positions, featuring a complete digital tower, with ergonomics
optimised for controller performance.

No two airports are the same, hence the remote tower solution uses these three building blocks - sensors,
network, centre - to create a solution best suited for each airport’s unique use case.

Remote digital tower Advanced digital tower

Remotely controlled ATC High capacity operation

Contingency operation Complex runway layouts
Visual enhancement Integrated surveillance

Multi tower operation Enhanced workflows

2 Remote Digital Tower - Advanced remote sensing



Turnkey services from concept to go-live

Advanced remote sensing

for ATC

A set of cameras combined with
advanced video processing,
object detection and tracking
provides superior situational
awareness. The solution

offers a range of models: from
cameras operating in the visual

Flexible, scalable remote
tower centre

The design of the remote tower
centre is essential for efficient
operations. The solution can
scale from providing flight
information services (FIS) up to
full ATC-grade operations for
tower and approach.

Reliable, robust and secure
network

An intelligent ATM-grade
network ensures continuous
performance and service
thereby balancing performance
and network costs.

spectrum, to seamless 360°
infrared and modular pan-tilt-
Z0Om cameras.

Technical and operational support of customer process in all phases

No two airports are identical. Therefore, the Remote Digital Tower solution provides each individual
airport with the exact functionality it needs to improve operations and enable new business models.

Holistic consulting

Stakeholder mgmt.

Adapting to local
requirements

Safety assessment
Training

Transition mgmt.

Change manage™

Cutting-edge technology is only one part of what is needed for a successful remote tower project. Equally
important is an operational concept which is based on clear and concise captured customer needs

and a sound business case. Implementing remote ATC operations includes ATS procedure adaptation

and consulting, ATS training and transition, support during the regulatory approval process as well as
stakeholder management throughout the whole implementation process.

Remote Digital Tower - Advanced remote sensing



Remote Digital Tower success stories

FREQUENTIS DFS AEROSENSE is a trusted worldwide partner that provides
advanced turnkey remote sensing solutions for ATC. This proven combination brings
together digital tower systems from Frequentis with operational and regulatory

concepts and know-how from the DFS group.

German Airports
(DFS)

DFS has already been success-
fully operating the RTC system for
years. Since April 2022, air traffic
at Erfurt Weimar and Saarbriicken
international airport, hundreds of
kilometres away, are controlled
from the DFS remote tower

centre in Leipzig. Both airports
are equipped with remote tower
technology. 360° visual and IR
cameras provide a seamless pano-
rama view, supported by a high-
performance PTZ camera with
visual and IR sensors. Advanced
video tracking enables the detec-
tion and marking of IFR and VFR
flights and vehicles, while detailed
surveillance information increases
situational awareness. Extension
to next airport is already being
planned: Dresden Airport will also
be monitored from Leipzig at the
end of 2023.

Driving safe innovation

Brazil - Santa Cruz
(DECEA, CISCEA)

This is a first-of-its-kind project in
South America to provide remote
air traffic control services using
digital tower technology.

The solution provides controllers
with a real-time 360° visualisation
of the airport and its surroundings
in a remote operating
environment. Digital support
tools such as automatic object
detection, surveillance labelling,
image recognition and tracking
are some of the major features of
this solution, which will support
the safety-critical and high-
pressure work of controllers.

Akureyri
(ISAVIA)

Sub-zero temperatures in
isolated airfields pose a distinct
set of challenges to airfield
cameras and casings. Together
with Isavia, Frequentis and DFS
are exploring remote tower
solutions suitable for use in
extreme weather. Particularly in
the north of Iceland, there will
be a requirement for camera
technology and protective
casings that ensure consistent
high performance in the face of

challenging climatic conditions.

We build on cutting-edge technology to deliver the required capabilities for ATC and beyond. Intelligent,
advanced vision with innovative approaches across the whole visual surveillance chain provide the controller

with an optimal user experience, ensuring situational awareness. We understand that making new technologies

truly ATM-grade is an essential element in enabling innovation in safety-critical environments.

We continue to push boundaries, with advanced video processing, artificial intelligence and deep learning

solutions that have the power to make airports of any size smarter. We are one of the leading participants in the
EUROCAE WG-100 working group, driving change and creating standards, as well as supporting SESAR research

into multi remote towers.

FREQUENTIS DFS
AEROSENSE

FREQUENTIS DFS AEROSENSE GmbH
Innovationsstrafle 1
1100 Vienna, Austria

Tel: +43 1811 50-0
www.aerosense.solutions
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Advanced digital tower

Automation and digitalisation
Improved airport safety and efficiency
Full situational awareness and user experience
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Situational awareness needs efficient integration

Air traffic controllers (ATC) are frequently in use of a wide variety of independent and

individual air traffic management systems. Situational awareness is negatively influenced

by using different systems at the same time, which challenges the controller especially

during traffic peaks and in critical situations. The seamless integration of existing and new

applications into one controller working position achieves a workflow-oriented controller

environment while optimising efficiency. This ensures the fastest possible reaction time,

combining clear and fit-for-purpose presentation of all essential information into one

specifically designed HMI.

Key challenges for advanced digital towers and integrated controller working positions:

-

v —‘

a5

Isolated unlinked system

With annually increasing air traffic figures, several
major airports are forecasted to reach their capacity
limits within the next years.

As most affected airports are built in highly populated
areas, the variety of growth options is limited.

Hence, optimising ATC operations using sophisticated
IT technology is more likely to be pursued than adding
airport infrastructure, such as runways, taxiways or
ATC towers.

While certain IT systems excel at performing specific
tasks, the ATCO, who has to see the big picture at

all times struggles to keep the necessary focus as
the variety of IT systems used in his environment
increases.

Integrated controller working position (iCWP)

Consequently, technology-driven growth in capacity
and efficiency will only be achieved in the long run by
integrating the IT-systems in use.

The ATCO shall be able to use his ATC equipment with
a single well-designed and harmonising HMl on a
reduced number of screens to regain his focus.

Given the availability of solutions, which fully integrate
core ATC applications, such as voice communications,
flight- and weather data management and
surveillance, ATCOs can refocus on their core tasks
associated with maximising safety for aircraft they
guide as efficiently as possible through their areas of
responsibility.

Advanced digital tower



Seamless digitalisation and integration

The Frequentis advanced digital tower solutions focus on reducing the ATCOs’ workload
and enhancing safety and efficiency by integrating the electronic flight strips with air- and
ground surveillance as well as meteorological information. The combined knowledge base
provides a wide variety of workflow- and decision support functions the ATCOs can access
instantly throughout all flight phases, especially during ground movements.

Our approach for the advanced digital tower is the integrated controller working

position (iCWP). That optionally includes the ATCO’s most critical ATC capability, voice

communication.

Data integration for an efficient and enhanced ATC solution

VCS3020X smartTOOLS
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enabled
3rd party
apps
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Individual solutions for different airports

Advanced Digital Tower enables the integration of
ATC services as well as new technologies like UTM
into one HMI, using the data migration platform
MosaiX to harmonise system data into one operational
display. Surveillance data, vision enhancement and
apron information can be integrated and displayed,

in order to provide full situational awareness for the

Acquisition | Pracessing/ | Distribution
analytics

Remote digital tower

Remotely controlled ATC
Contingency operation

Visual enhancement

Multi tower operation

Advanced digital tower

Advanced digital tower

High capacity operation
Complex runway layouts
Integrated surveillance

Enhanced workflows

Worldwide

Airlines Airports stakeholders

Office
s

aviation
=z

Stakeholders - Aviation and non-aviation

controller to safely operate an airport while increasing
performance. Third party applications and existing
infrastructure do not require any different HMI and can
be integrated as well into the iCWP solution.

Frequentis offers individual solutions suitable to the
individual requirements.

Compact digital tower

All essentials for air traffic
control

Integrated package

Off-the-shelf:
Turn key solution

Compact platform;
modular & expandable



Enhanced air traffic management safety

Today’s high density ATC tower environments are comprised of systems for surveillance, electronic flight strips,
AGL, airport information management, weather data and voice communications. Due to the wide range of the
Frequentis product portfolio, each of these application requirements is covered and embeddable in an iCWP
tower solution. Hence, full backend integration between the components is given and provides a novel range of
possibilities to make the ATCOs’ jobs easier.

Besides the benefits given by backend integrating Frequentis products into an iCWP solution, a single and
consistent HMI represents the high level of integration from the perspective of user experience. For legacy
systems, which are required beyond deployment of an iCWP solution, Frequentis offers HMI-only integration.
Consequently, existing systems can stay and the ideal mix between workspace innovation and well established
operational workflow can be found.

Selected references

Aeroparque Jorge Newbery
Tower, Argentina

EANA deployed a new ATC tower
featuring ED-137-compliant VolP
voice communication and tower
automation, including
smartSTRIPS and smartTOOLS.
The Frequentis solution is
expected to enhance ATM
operations and boost efficiency.
In particular, the solution
supports ICAO Aviation System
Block Upgrades (ASBU) Block 0
and Block 1 modules in the
airport operations performance
area. With this deployment,
EANA is leading implementation
of new technologies in South
America and is set up for
enabling new functionalities in
the near future.

Major international airport,
Asia

Frequentis smartSTRIPS flight
data management solution was
implemented to support faster
decision-making and more
efficient operations. Replacing
a number of legacy systems
and frontend integratig others,
the Frequentis solution was
awarded the IFATCA 2016
Technical Award. Operational
feedback suggests that the
solution provides a more
user-friendly experience,
helping to enhance safety and
efficiency. This supported the
ANSP to meet the demanding
regional growth trends exposed
over the last years.

Amsterdam Airport
Schiphol, the Netherlands

LVNL made a strategic decision
to deploy a completely new
tower system in accordance
with the Pilot Common Project
driving the SESAR deployment.
Within a planned 25-year
development partnership with
Frequentis, the first step, which
has already been successfully
and timely implemented, was to
deploy electronic flight strips to
replace paper strips. The main
design goals were to increase
the capacity of ATC tower
operations and to simplify
decision-making. The next
steps in the 25 year program
comprise deployment of
departure and surface manage-
ment systems (DMAN / SMAN).

The Frequentis tower solutions roadmap is fully aligned with the SESAR 2020 wave of ATM research and ICAO
Aviation System Block Upgrades. Thus allowing airports to rely on support to address future industry challenges
according to standardised best-practice approaches.

FREQUENTIS AG
Innovationsstrafle 1
1100 Vienna, Austria
Tel: +43 1811 50-0
www.frequentis.com



Product brief

Integrated AMAN/DMAN
Synchronising traffic for maximised
ATM and airport performance

The Integrated AMAN/DMAN (IAD) integrates our proven Arrival and Departure
Management (AMAN/DMAN]) products to enhance air traffic controllers’ decision-making
processes, particularly for mixed-mode and dependent runway operations. It improves Air
Traffic Management (ATM) and airport performance by harmonising inbound and outbound
traffic, increasing runway throughput, flight efficiency, and reducing the carbon footprint.
Moreover, its capability to forecast traffic loads improves predictability and increases
situational awareness for Air Traffic Controllers (ATCOs).

Key features

Automated arrival and departure planning

Fully compliant with the ICAO Aviation System Block
Upgrades and the European Common Project One
(CP1) regulation, the Frequentis IAD is the market-
leading product to optimise traffic flows at airports,
taking account of both arrivals and departures,

and ensuring continuous high performance by the
Air Navigation Service Provider.

Coordination between tower and approach

IAD allows for an early identification and management
of demand capacity imbalances. Enabled by real-time
predictions and common planning capabilities for
tower and approach, IAD supports controllers to jointly
assess the traffic situation and identify and implement
the most efficient measures, such as the proper
adjustment of arrival and departure rates.

Seamless integration

IAD leverages over two decades of experience in
integrating AMAN and DMAN into different operational
and technical environments, such as various ATM

and airport systems. |IAD provides interfaces with Air
Traffic Flow Management and Airport CDM systems,
e.g. to achieve an extended planning horizon.

|AD at a glance

World's first Integrated AMAN/DMAN,
operationally deployed for CAA Singapore

Successfully validated within the Single
European Sky ATM Research (SESAR)]
programme

Leveraging two decades of experience in
deploying our AMAN and DMAN products
globally

Harmonising arrival and departure traffic flows
based on performance-driven optimisation
User-friendly and common HMIls to enable
joint planning by tower and approach

Runway management support functions to
optimise ATM and airport operations efficiency




Benefits

Predictable arrival and departure

traffic flows

IAD provides more accurate landing and take-off
time predictions, enabling higher runway sequence

efficiency and the ability to forecast and improve airport
performance.

Enabling information sharing
and collaboration

IAD supports tower and approach ATCOs with a
common HMI and joint planning functions, and

it enables automated data sharing of real-time
predictions with other airport stakeholders.
Improved productivity for ATC operations

IAD enhances decision-making processes for mixed-

mode or dependent runway operations and allows for
a systemised approach on how arrival and departure

traffic flows are organised.

Facts & figures
2+ decades

WEQ of experience

since first AMAN deployment

<

Award

20+

international
airports globally

FREQUENTIS AG
Innovationsstrafe 1
1100 Vienna, Austria
Tel: +43-1-81150-0
www.frequentis.com

Sustainability
e

CANSO World ATM 2021

AMAN saved in excess of 1 M
@ tons of CO2 emissions within

its >20 years of operations

Maximised airport and TMA

capacity utilisation

IAD ensures a better and more balanced utilisation of
the available runway resources, enabling efficient air

traffic movements to and from the airport and leading
to reduced delays.

Efficient flight profiles and reduced
operating costs
IAD enables airspace users to fly more efficiently and to

reduce taxi times, leading to significant fuel savings and
reduced operating costs for the airlines.

Sustainable operations and reduced
environmental footprint

IAD translates to a reduction in airborne and ground
holding, leading to reduced emissions and improved

sustainability. With it, IAD is a key contributor
to GreenATM.

Compliant with

ICAO ASBU ..« SESAR

requirements for AMAN/DMAN integration

550 N M AMAN horizon

for London pioneering
extended planning horizons



13
i
=

1

b

HA

smart AVCSv2

(Airside Vehicle Control System)

HOIRALN XHEESHI 21 F AlAE

GOAMACE
AVIATION

.
W,
. B
)

ty

HOMAALH XIS QH AIAE
Avcs (Airside Vehicle Control System)

erSKlak = oM XIiEF 22|, AVCS




CHAPTER

OIS XI2! XI2F SHl AAEI(AVCS)

AVCS A[AH! ATH

st
o

1

rot

Airside O|SX| X[ 4= xtzh AHLSHE SdH

K|S oot A2 AMH|A 2
History

Rl O AESE 0ISXIY X SH AlAH 7|2 HS(PoCY) A1
.+ A1zt 2021.10~11¥
10 c W 8:A/S2BF OISKS FURY 10 loT MM 2223
© AlBZ: 0ISKIS At QETE| M8 SHSOE NE Jtsd &0
1
> ARSY OISXIY xH SH AL 7= H AE=2YE
Al4712t: 2022. 6 ~102
- W 8:AVCS MAE 14, loT M 1074 252
SAZDL : $HATFE S A XMEYAL AT S TAXIY 8 EOIZ

o
RIAOFHAIDS ARH Ot 4 Ol 2% &7} 5ol

Ogl__l

X [ AVCS HIOIE| 215 2 BHS 9I5) A/SSBE HARKY 204 U ZUAL A1 8LH X% BLIEE 5 ]

HzzRE .- 2g7t3 Sharp . xwst2nh
1 ES= | ATS - 2o

OFNOFLIOIOLE T YHOBIZE 1L

- NPZI: (MMA)REDSS, SIEBEBAL IMBIBAL, XNZLA
B AAZEAIS 3 29 43 2} BT




Airside O|SX|d XA E S XI2F OF -|;g§|§ E
X|AFOFXALT Of|tt ) HA| 28 AH|A S

History

S5z
S T10| KIOAISHIN 28

§°._ I“"‘:’II}EF A SSDIE 2l
ot= EtHIAIAE!

—_
I
OI'

\

A 10-2639020 =
i

)u-mun-‘

£

A
¥
’lf! \ X 10-2023-0122519 &
\  Appiicaton Nurkber

\liﬂ 20231 098 14
g ome Nl

* sau 2024' 028 169
Registration Date.

2. SE2:20244 23 16
am °I0|A}°I=BIA1 gﬂ O XNYZAUNY U BBIIE BHSHE B ALY

S5 A} patentes
O O[E| M QUOf & FAIB|AH(110111-4#++424 )
MEREA ZMT OIRSYS21¥ 20, 11062 (O1F§, 0L S B EF U] XELS))

L —
B (670812-244444+
A YeN BYT 8)27112357?_@ 17,5038 3015(235§, HATASY0IH|F)

flol gEe TS, o mat SR SEEASS YL

Thls is to certify that, in accovdance with the Patent Act, a patent for the

ion has been regi d at the Korean 1l | Property Office.
20244 028 16Y g% qraze gn 1=
sy , HIZIZ|E OLO|E ICAO AN

COMMISSIONER,
KOREAN INTELLECTUAL PROPERTY OFH =-

23’ 712 MM (KAC)
ZU E5| S2

E5A

E9517%

Korean Intellectual
Property Office

CHAPTER

OIS X2 Xt2F SHI AIAEI(AVCS) H *IéEél $_-9- :[I'*o-l Etl 7 I%

1. AJAR Y
2. ANA”RIFQ 0|5




Il A AR ZQ M 8l 0|5

NPCTER

AVCS

GNSS Satellites

a\
>
2 7
[AVCS
SERT AIAR]

7 RT,
4G ? [AVCS Fg /K

Xterera|] J[JIEE‘;

RTK base station

el

(AVCS OB |EIH AE)

I A|AEI =0 M 8|5

MAH 8 V2

AVCS V2

( R Ads-B
AVCS V2 Server farm A -

‘ﬁ &) m =95 \\

AirSide
AN 8] & =z
D@ F9a | |[ 4o n =
@) @) q % —0

@]
2 2 N
/ © 2 2o xY

Internet
g RIKCE @ C’Ib VPN Network
\/\ / o

ovax] [t o] 2
loT MQTT é\D EQ; . ZUAL Office =5
' o
-7 o &!ﬂz\ @7

o @y = E@'fj‘ E
A @%& & o~ Y
Y £

ESSNEET]

EURY ; l‘ BT e




I AA— =2 2 8 0|5

0

AAEl £x1 Smart AVCS V2
== AVCS 2 AVCS VI HID
L . BB ATEHIZ
- ZoiNG, B ERE AR |1 SE S5t e
Zst 2 B L e e iR
N B |- ZelAl 2% SW RIS e sl P, -
. QIE/oHN 23 LY E& T3 . Xtz HE x3 =
¢RI QIEXIO I QIE 23 24 SiSs ==
 ZXSHAIZLIEIE EHI ROIAL H2
FQUA |+ 29 Ete EHI(PC) oyyylimiy
- XIZFE 28 i 2 SWl=
s cror |© KIEE BI/OHHHIAKI MEXISH |- KierE 4 ol BT
ST | kA e AR KA |- ANBE AZERHN | oo o).
- LED B™ MIS & =
- 22| TR Y| - ol HAoZ @
oxgs | A== AHITA 4]
TAET L o AN B, A 24 X2 S H = ==

I AIAY F2 74 % |

or

SMS* Safety Management System
HIHIHIOIA APP (2E)* 21 EFEr JH| Z=J}

Smart AVCS V2 xz et 71s
@ QIEKI oA oty

@ X2 B2 =K 19 25
- NAXE E2 =K 299 &9
@ XM LED S5t 2Bl IS
@ =K
- HIZ Safty AIAE
® QR D=5 Set 28X 214 IS
® AVCS 2Lt & MS

@ S4TH KEEF 1K, S, KIS &N

g4

- Bt 0], 83| F0l, Mut Kj2 X0
£ 9k 0|, AFDIE K12 FOl

H19 21 XtSHI0 (B4 &X1)

= MX




Il AlAE 2 79 8|

or

AAet £x1  Smart AVCS V2 xiz ez ois

FIRE
STATION

TOWER

DOMESTIC TERMINAL  FIS/MET

® SIEKIe SM 2
- EfST =0, B3 oI, M ki Fol

(—]
£ QIHE O, AFDIE K1Y =0

Il AAR 29 24 97|

olr

AAel Ex1 Smart AVCS V2 xiz et ois

0.0000 - 0.0000
0.0000 - 0.0000
0.0000 - 0.0000
0.0000 - 0.0000
0.0000 - 0.0000
0.0000 - 0.0000
0.0000 - 0.0000
0.0000 - 0.0000
0.0000 - 0.0000
0.0000 - 0.0000

INTERNATION
TERMINAL

0.
1
2
3
4
5
3
7
8
9




or

I A|AR =9 F1d 9l 7]

07 xrz=x

Smart AVCS V2 &z ez Jis

NEREE

X128 ZEAI

CHLol! o

g Smart AVCS V2 2R St

SIHZLAN YOI2 2= - PE—
®© SXHZZAL HLCH X —e—

oir

]

I AIAR =2 7

( 12:44 wl ?QB“
e - kl‘gxl‘ IQ-IE
";" 2z o1 22104 9 Egk} EEI EE:%—H x1§ Smart
SHX} R FES Ko KiZ 28 0I5 AVCS v2
HH o

© B 24.07.22AM 10:30 3 @
7t) t

AYsRE
143-3-21

0
8 g7} 2K A Jbs

[=]
e

> XA == oE

| K28 7|= HE *ﬁ

—

2t 2% 0|2] X3
&
\.

I
HO
[z

b

QRIEE AM

B HO

=z 12 Mo
>t
0
[

B

O 02 o2
03!
o

12

\d

1o

®© ® @




I AAS EQ 24 9|

AMAEl £x1 Smart AVCS V2 =it za ==

or

) . @ AVCS K2 CHah)| 2 1S
- QR T AZHS OIA|EI K| MEH ==
smart () ® AVCS K1 MR BIAE X3
AVCS V2 aviarion - Kj2K oI K125 MEN == 2|
7 el @ @ ® K2k 3 0|2 ME X3
- Wy @ ST ZedKI2F DLIE{2! o
@)
mﬁm ;ﬁ - SiTH S8t LH =& KI2F AN ZHE
® BTN ZUKIEE SHK BIAE
® KI2hE AVCS QIXI=E X3
\_ )
@

I AA™ =2 29 8215

O] A|AE1 =@ 301 Smart AVCS V2 =zsimzs

R L RSt

s CENTRAL APRON

* GPS 7|8te] AEZ8FA/S X|Y X|=5 Vector Data 2|t 2 X|Z{5t0] & 0 - & 012 31 2ol/ZI2 0|52 el H3
+ ZE[SIHMEBOR MM EE S ZIH FA BE

To—




I AAR =R AE AU DS

C] Aaml =g 3o Smart AVCS V2

of

IS =21 85

w Windows Toolbars Administration Debug info

ZCENWRAL

FIRE
STATION

5 TOWER

DOMESTIC ig

o 4l FOI eSS |0 Tl 017 Ol S REX0H B

I AA™ =2 29 8215

A|AE =0 81 Smart AVCS V2  miur iz 2= 2

RMINAL  FIS/MET ‘ RMINAL  FIS/MET

+ GSELZ Sl MH|A 2 Ho| O 9= 0| SARZ 8! WA X|H 2 A=) st 52 Fo| HE




Il AlA"E Fe 19 9 ols
0¢ xam =g 8w smart AVCS V2 gjzimies ze mis m iz

KACO01  0.0000 - 0.0000
SAK.001 0,000 - 0.0000
4 KACOOY  0.0000- 0.0000

do
oo
Ral
12
o
ofn
=2
m
i
ret
Rl
i
ox
A
i

38 614) 2 22

oX
Rl
=
i
>
ofy
uE
hu

il
OF
——
>
-4
it
flo
nx
ox
_O'_I-
@
ofn
42

S2E2N KSA Y3 z=oio

NDARDS 33SGCrATION.

Hjojo] =3 uia

ESS MEETING




* sie| &= XXl sigt 2o

e O

SO XFFSH| 2H AIAE
Avcs (Airside Vehicle Control System)

Airside O| S X| X|&=Y xH ATA2E Sl
X|AIOFRIALT Of|Eta} HA| 23 A{H|A e

- SSKI& =91 oHH K12k 2h|, AVCS -

(KIg= S5X12)

UAMCS (Urban Air Mobility Control System)

DROWA4D GCP
A web-based 4D Ground Control Platform

\\\ {j’ that simultaneously supports autonomous operation of
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