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ATM-grade PerformanceVSAT Technology Service Monitoring S² Safety&Security
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Cost and 
Throughput

End  - to - End 
Performance

Situational 
Awarness

Higher 
Availability

ATM-Grade VSAT Networks

Network Management

End-to-End Service view

VSAT Technology

GEO vs. LEO constellations

S² Safety & Security

Performance 
enhancement in …

ATM-grade Performance

Measurements of Service
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GEO Satellites

• Geostationary Equatorial  Orbit

• ~ 36000 km

• Stationary above the same point on 
earth’s surface

• Issues in polar regions (+/- 70 
degrees latitude)

• High latency due to huge distance and 
RTT will be high ~ 500 ms

LEO Satellites

• Low Earth Orbit

• 160 – 2000 km

• Mega constellation for continuous 
global coverage

• Low latency 20 - 40 ms
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▪ High speed 50Mb/s – 150 Mb/s 

▪ Lower Cost

▪ 12000 satellites are already approved for 1st stage

▪ Easy to set-up
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SWIM
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Radio AMHSVCS
ADS-B

MLAT Radar

NetBroker

delay jitter loss

A/G 40ms 5ms 0,1%

G/G 50ms 3ms 0,5%

Surveillance 100ms 10ms 1%

…

Prio
Service 
classes 

Rerouting in 
case of 
degradation

Measurements

Service Level
Management
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Service Classes Example Definition

Class 
Example 

applications

Control based 

of

Max. Delay /

Max. Jitter

Max. Packet Loss /

Minimum BER

QoS class /

Bandwidth

requirements

Other capabilities
allowed 

MPLS 1

allowed 

MPLS 2

allowed 

VSAT

1 A/G, G/G per call
<50ms

<10ms

<0,1%

< 1x10–7

EF

100% in each WAN

MOS 

ED-137 compliance
Yes Yes Yes

1
RADAR

(RT-Data)

per 

connection

<150ms

<10ms

<0,1%

< 1x10–7

High prior AF

100% in each WAN

Admission control

Data forking
Yes Yes Yes

1 Video
per 

connection

<50ms

<10ms

<0,1%

< 1x10–7

High prior AF

100% in each WAN

Admission control
Yes Yes Yes

2
AMHS 

per class
<100ms <0,5%

< 1x10–7
AF33 Traffic shaping Yes Yes Yes

2 OPMET per class
<100ms <0,5%

< 1x10–7
AF32 Traffic shaping Yes Yes NO

3 Admin per class
<50ms

<10ms

<0,5%

< 1x10–7
AF25 Payload encryption Yes NO NO

4 Best Effort per class n/a
BE

elastic
Yes NO NO

Operational Services Operational Applications Privileged Applications Administrative Applications
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→ back

Traditional network

175pps

150pps

125pps

100pps

75pps

50pps

25pps

t

Received traffic: Remote 1  → Centre

Network with NetBroker

175pps

150pps

125pps

100pps

75pps

50pps

25pps

t

Enhanced network performance with brownout detection and rerouting 

Without overlay: Degradation over time

“Maybe it returns back 
to normal… or not”

NetBroker senses degradation 

→ For some apps more critical than 
for others

→ Can act according to app needs

Received traffic: Remote 1  → Centre

Brownout detection and 
switchover to another path

Impairment
(packet loss)?

Detecting degradation in quality, traffic re-routing if needed to ensure performance
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ATM-grade experienceCommercial IP WAN experience

Taking advantage of converging IP network benefits …

Problem statement

→ back

… while avoiding the related downsides for safety-critical applications 
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Proactively prevent failure and maximize cross-layer quality of service

“+ one 9”
availability

BW 
savings

Highest operational 
experience

Situational awareness 
Real time network performance

MOS measurements

Brown-out detection 
Act before failure     

ATM-grade layer

NetBroker

G/G A/G Video Radar

Intelligent routing      
Inc. Revertive mode functionality 
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Backbone layer
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ATM accessEdge

Edge

NB
NB

NB

ATM access

VCX-IP

VCX-IP

VCX-IP

VCX-IP

VCX-IP

VCX-IP

Management 
systems

Monitoring of ATM systems, applications and network in silos is a challenge and safety risk

- Complex collaboration between units

- Low situational awareness (device level)

- No ATM specific measurements

- Decreased safety of operations

A-MS

A-G Radio 

R-MS

Radar

NMS

Network

V-MS

VCS

NB

NB

NB

NB

NB
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Backbone layer
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VCX-IP

VCX-IP

VCX-IP

VCX-IP

VCX-IP

Management 
systems

End-to-end network and system management

 Increased operational awareness

 Proactivity and efficiency –
faster problem mitigation

 Increased safety of operations

A-MS

A-G Radio 

R-MS

Radar

E-MS

ATM 
Network

V-MS

VCS

Vendor specific 
configurations

Advanced-NMS

NB
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Backbone layer
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EdgeATM access

ATM accessEdge

Edge

NB
NB

NB

ATM access

VCX-IP

VCX-IP

VCX-IP

VCX-IP

VCX-IP

VCX-IP

Frequentis Advanced-NMS overview

SW IMRADIO SURVEILLANCE VSAT NETW ORKING IT SERVERSVCS SECURITYVCX-IP

Monitored
elements 
(South bound) CLOUDNETBROKER

Ticketing system, email/SMS, 3rd party NMS

Advanced-NMS

Operational 
systems 
(North bound)

Remote modules NMS agents User agents
VSAT quality 
assuranceProbing

Core modules

Geo 
resilient 

DB´s

Fault 
management

Configuration 
management

Performance 
management

Security 
management

Eol / vulnerability
Inventory 
discovery

Dashboards, reporting, analytics

I/O
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Highest availability – fully resilient

Monitored 
elements

Remote agentsData centres

DB cluster 

DB1

DB2

Data replication

I/O

NMS app 
server  1
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DB cluster 

DB1

DB2

I/O

Data collection & 
remote processing

Core APP platform &
data retention and archive

Standby

NMS app 
server  2
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Visualising logical connections and their importance for the service quality

…
Radar - by WAM area

Remote Digital Tower

Frequency 123

Radio - by frequency
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Backbone layer
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NetBroker
Quality measurement

Performance probing
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Reduce TCO and proactively prevent failures

Safe & 
resilient 
solution

✓ End to end service view 

✓ Integration and scalability

✓ Increased safety and 
effectivity of operations

✓ ATM-grade design and 
functionalities

Reduced 
TCO

Highest 
situational 
awareness

Act before 
failure
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Enablement of new applications 

Higher availability

Reduction of operational cost

ATM Service measurement

ATM-Grade VSAT Networks

ADS-B

M ul ti la t

Performance 
characteristics

SLA management per 
site & per service

Redundancy and 
availability

Brown-out detection

Disaster 
recovery

Quick deployment 
solutions

Link Performance 

Measurements

(FEC, Modulation, e.g.)

Service 
Monitoring

End-to-End services 
(A/G, G/G, RDT, 
Surveillance)





Combine UTM and ATM for future 

growth and enable professional 

drone services
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UTM solutions for the digital 

transformation
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▪ UTM for Air Traffic Controllers – The Avinor Example 

▪ Regulation – Where does Europe stand?

▪ Frequentis & Drones – Our Mission

▪ Drones in Public safety – an important Use-Case
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Interoperability

MosaiX/SWIM

SmartSIS

Customer forum

End-user application

Service 
provisioning

as-a-Service

Hybrid cloud

3rd party Service 
Integration

Stakeholder

Tower controller

Private drone pilots

EnablersService concept

24/7 technical 
operation

Cloud security

Cloud orchestration

…

Leveraging the advantages of as-a-Service delivery

• 17 airports

• multi cloud

• …
Helsinki

Oslo

Copenhagen

Stockholm
3

services

1

50+4
App

# of drones 

→ Efficient solution to 
manage any flying object



Regulation – Where does Europe 

stand?
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▪ Based on Germany

Analysis of the German Drone Market, www.verband-unbemannte-luft fahrt.d, March 2021

Private Drone MarketCommercial Drone Market

Commercial Use (10%) Private Use (90%)
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Commercial scalability is enabled 

• by access to the airspace

• by less administrative effort

• by underlying reliable data 
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Legal framework 
(EASA) 

Commercial Demand Other authorities

• Law enforcement

• cUAS

• Fire Service

• SAR

Commercial scalability is enabled 

• by access to the airspace

• by less administrative effort

• by underlying reliable data 

Reliable and safe provision of

• Services and

• Information 
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Network Identification
Who is where (US: RemoteID)

Conformance Monit.
Optional, make operator aware

Weather Information
Optional, incl. QNH

Traffic Information
Air situat. provided to operator

Flight Authorisation
From service provider to oper.

Geo-Awareness
Conditions/Constraints/Zones

Registration
Interface

SORA
Information

U-space regulation

Specific Operations

..in an integrated approach.



Frequentis & Drones – Our 

Mission
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▪ How to ensure safe UAV operation in shared airspace 

Highly standardized - with safety as highest value

COM
EUROCAE

Surv. Data
ASTERIX

FPLs
ICAO
Doc 4444

Airspaces
AIXM5.1

System
Compliance 
EUROCAE

Weather
WXXM

Obstacle 
Database
ADQ

Defined 
CONOPS

ATM market

…

Re-writing the rules with new needs

New entrants 

prop. 
FPLs

GNSS

WLAN

Telemetry

Hyperlocal 
weatherIoT

LTE
5G



Frequentis UTM solutions by Günter Graf/Roman Stickler|37 | © Frequentis AG 2021Public

▪ Seamless information exchange between all stakeholders

Highly standardized - with safety as highest value

COM
EUROCAE

Surv. Data
ASTERIX

FPLs
ICAO
Doc 4444

Airspaces
AIXM5.1

System
Compliance 
EUROCAE

Weather
WXXM

Obstacle 
Database
ADQ

Defined 
CONOPS

ATM market  

…

Re-writing the rules with new needs

New entrants 

prop. 
FPLs

GNSS

WLAN

Telemetry

Hyperlocal 
weatherIoT

LTE
5G

MosaiX 
SWIM
Data harmonization
layer

…

Secured
ATM World

Filter Converter

S
e
c
u
re

 &
 s

a
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 g
a
te

w
a
y

Interface

Redistribution
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Integration of UTM and ATM systems: inter-agency UTM solution 
Demonstrating the fitness of a digital data exchange platform for cross-border drone operations

… with Police 
intervention

…with search and 
rescue forces and 
general air traffic

…with border 
guards over Gulf 
of Finland

…with 
international 
parcel delivery

Urban drone fleet 
ops in controlled 
airspace …

… for inspection 
flights

… with Drone taxi 
shuttle

Part of the European U-Space initiative 

Large scale
demonstration 

Gulf of Finland

Helsinki

Tallinn

Common operational picture - enabling Joint Operations  / authority collaboration
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▪ Interoperability and standardization are key enabler to build the 
ecosystem

High Level design and architecture
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UTM / ATM data exchange platform (MosaiX) 
Future proven and fully expandable system design

Connected authorities,
organisation and 

UTM service provider

Cross-divisional collaboration between all UTM stakeholder (e.g. common air picture) 

Frequentis 

ATM/UTM 
data exchange platform

UTM ecosystem
stakeholder

MosaiX
TM

Open Interface Data exchange layer / standardization (e.g. ASTERIX, AIXM 5.1)
Orchestration 

Service

Police

Interface

Maritime

Interface

ATC

Interface

Military
organis.

Interface

Public 
Transport

Interface

Fire brigade

Interface

UTM service 
provider

Interface

1
UTM service 

provider

Interface

n

Stakeholder centric view
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Fire services

Civil Public Safety MaritimeDefence Public Transport

OffshoreArmy Urban rail

Air navigation service 
providers 

Air Traffic Management Public Safety and Transport

Police forces Coast guard / navyAir force Heavy rail

Aeronautical data service 
providers

Critical infrastructure 
for industries

Search and rescueHomeland security

Airports

Emergency and medical 
services

Port authoritiesNavy

Flight information service 
providers

Joint forces

Unmanned traffic 
service providers

Space agencies

Drone Management and/or adminstration in control centres



Drones in Public Safety

Example
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▪ Now and tomorrow

02:14

09:21

Drone

Patrol

Average Response Times
(same incident)

Source: Chalupa County (San Diego) Police (FIN); 
Evaluation of 970 missions 

Drone beats patrol an average 
of 07:07
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Send Mission:                   
Incident &                        

required capabilities

Request 
Mission

Planned
Mission

Request Approval

Provide Approval

Execute 
Mission

Provide Sensor

Sensor Data/Control

Provide
Sensor 
Data

• Integrated 
system of
systems

• Translate
between
domains

• System Wide 
Information 
Management 
applied

Frequentis
MosaiX SWIM



Frequentis UTM solutions by Günter Graf/Roman Stickler|45 | © Frequentis AG 2021Public

▪ Worldwide growth in the UTM sector

▪ Book your demonstration now!

Providing the complete ecosystem

Enabling to fly

Any deploymentAny aircraft

UTM integrated into ATM

Any airspace Any time Any user

ATCO, Aircraft Pilot

Drone Pilot, Commercial 

Operator, Law enforcement

Cloud based SaaS

On premises 

U – Space Airspace

Controlled-, uncontrolled 
Airspace
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