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TIMELINE
This timeline shows the progression of the project. The project has an overall duration of 30 months and 
is currently at month 20th. So far, 13 deliverables have been produced and approved by the SJU, out of the 
20 deliverables to be released overall. Four of these deliverables are classified as public and available 
from the project website.    
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Public deliverables available so far
see www.invircat.eu/deliverables

ABOUT THE PROJECT
INVIRCAT (IFR RPAS Control in Airports and TMA) is a project 
funded by the SESAR Joint Undertaking as part of the SESAR 2020
Exploratory Research initiatives.
The main purpose of the project is to investigate innovative
solutions for the safe and equal integration of remotely piloted
aircraft systems in the terminal manoeuvring area and airport
environments without entailing a significant impact on current
airspace users. This process is guided by an innovation pipeline
through which the European ATM community can explore new
ideas, validate them with industrial partners and then demonstrate
their viability for implementation.

D2.2D2.1 D2.3 D2.5

Current State-of-the-Art 
and regulatory basis
This deliverable provides 
the project state-of-the-art 
focusing on three main 
aspects of RPAS integra-
tion: technologies, human 
aspects and applicable 
rules and standards. It also 
includes information about 
other past and present 
activities carried out in 
Europe, and more specifi-
cally within the SESAR 
framework.

This deliverable describes 
the use cases and outlines 
the INVIRCAT concept for 
the integration of RPAS into 
the existing ATC procedu-
res and infrastructures 
within TMAs and at airports 
under Instrument Flight 
Rules. It represents an 
initial step towards the 
creation of a Concept of 
Operations (CONOPS) for 
RPAS in the TMA and on 
airports.

The definition of the 
CONOPS serves as a basis 
to investigate the influen-
ce of the integration of 
RPAS on ATC and other 
aircraft in the defined use 
case scenarios. Based on 
the results of the simula-
tions the final CONOPS 
and a set of high level 
operational and technical 
requirements will be 
defined.

This document sets the basis 
for stating what is initially 
required to comply with the 
objective of the INVIRCAT 
CONOPS and, after the 
simulations are completed 
and the results assessed, to 
update these requirements in 
order to have a final and 
complete set of valid require-
ments for the integration of 
IFR RPAS into the existing 
ATC procedures and 
infrastructures within TMA 
and at airports.

Use Cases Definition 
and Concept Outline

Initial Concept 
of Operations

Preliminary Requirements 
Definition

This project has received funding from the SESAR Joint Undertaking (JU) under grant agreement No 893375. 
The JU receives support from the European Union’s Horizon 2020 research and innovation programme 
and the SESAR JU members other than the Union.



THREE REAL-TIME SIMULATIONS TO TEST RPAS INTEGRATION 
IN TMAs UNDER IFR

The SESAR Exploratory Research Project INVIRCAT investigates the 
integration of remotely piloted aircraft systems (RPAS, often referred to 
as drones) into the existing Air Traffic Control (ATC) procedures and 
infrastructures within Terminal Maneuvering Areas (TMA) under 
instrument flight rules (IFR). 

In the last few months the project carried out three real-time 
simulations in order to test proposed operational concept, procedures 
and technological enablers: one simulation was performed at DLR, in 
Germany, one at Royal NLR in the Netherlands, and another one was 
organised by CIRA in Italy.

The main scope of the simulations was to validate the INVIRCAT 
concept, including operational scenarios, procedures and developed 
technologies, by testing them in and around smaller but significant 
airports such as the Düsseldorf International Airport (ICAO: EDDL), the 
Rotterdam The Hague Airport (ICAO: EHRD), and the Bari International 
Airport-Karol Wojtyla (ICAO: LIBD). In particular, the validations had the 
objectives of evaluating the user acceptability and safety of the 
operation in general, and more specifically of some peculiar aspects of 
the concept focussing on Automatic Take-Off and Landing (ATOL) 
procedures, C2 link and R/T latency, pilot handover procedures, 
phraseology, information provision, and the overall human contribution 
to the process.

The three project partners responsible for the simulations carried out 
similar investigations but for different procedures and in different 
operational environments. While a common aspect of the simulations 
concerned the nominal procedures for integration of the RPAs under 
IFR conditions, they used unmanned aircraft with different 
performances.

The DLR simulations looked at the loss of the C2 link and transponder 
failures for RPA with comparable performance of current IFR aircraft 
types. NLR explored aircraft performances that were closer to visual 
flight rules (VFR) aircraft performances, with a specific focus on the 
operational impact of latency of the technical architecture chosen for 
communication and command and control (C2) of the RPA as well as 
loss of voice communication between RPA pilot and ATC. CIRA instead 
investigated RPA automatic take-off and landing procedures in a 
terminal manoeuvring area (TMA).
Qualitative and quantitative data gathering techniques, such as focus 
groups, questionnaires, data log, and audio recording, were applied 
during the real-time simulation execution. 

The results of the simulation activities of the INVIRCAT project will be 
published in the second half of 2022. In line with the validation plan of 
the project, they will converge and be used for the consolidation of the 
INVIRCAT operational concept for IFR RPAS integration around airports 
and the associated requirements.

Page 2 of 5 NEWSLETTER #02 | Feb 2022

Investigate IFR RPAS Control 
in Airports and TMA



"I am very satisfied with the overall execution of the simulation, and I 
am sure we have gathered valuable results" commented Gunnar 
Schwoch, coordinator of the INVIRCAT project, at the end of the 
real-time simulation held at DLR Flight Guidance Institute between 9-12 
November 2021. The purpose of the RTS was to validate the concept of 
operations for RPAS integration in the terminal control area (TMA) 
environment developed by INVIRCAT in the framework of the SESAR 
Exploratory Research. 

Projecting themselves into a 2035 scenario, four air traffic controllers 
from the Italian ATCOs association ANACNA and from the International 
Federation of Air Traffic Controllers' Associations IFATCA were 
requested to control a mixed simulated traffic including manned and 
unmanned aircraft at Düsseldorf approach (EDDL) in collaboration with 
three pseudo-pilots and six remote pilots. In the four days of the 
simulation, 8 different scenarios and 5 contingency events were 
explored; 32 measured runs were successfully executed, and 72 
questionnaires collected. 

Using the RPS platform U-FLY embedded in the DLR Air Traffic 
Validation Center, which allows the monitoring and control of multiple 
RPA, this simulation focused on assessing the impact on ATC of the 
integration of RPAS into IFR Arrival operations within TMA. Specifically, 
it explored the impact of latency, the adequacy of procedures and 
phraseology, and what happens in case of loss of control link.

The results of this real-time simulation will be compared and combined 
with the results of the other two real-time simulations carried out by the 
project at NLR and CIRA premises. 
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How to manage mixed manned and unmanned traffic in busy airports? 
Let’s have a closer look at the real time simulations of the INVIRCAT project.

REAL TIME SIMULATION AT THE GERMAN 
AEROSPACE CENTER (DLR) - 
RPAS INTEGRATION IN DÜSSELDORF APPROACH

1.ATCO managing arrival traffic 
at Düsseldorf airport

2.Lost control link indication 
for the ATCO

3.Remote pilot controlling RPAS 
using U-FLY
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In November 2021, Royal NLR performed real-time simulations for the 
SESAR Exploratory Research Project INVIRCAT. 

Jürgen Teutsch, responsible for the organisation of this real-time 
simulation and validation manager of the overall INVIRCAT project, 
described the objectives of the RTS: “The focus was on validating the 
project-defined procedures for nominal operations of the remotely 
piloted aircraft (RPA), but also for communication failure and conflicts 
between manned and unmanned IFR traffic. Furthermore, we assessed 
the impact of the system latency of the chosen technical architecture 
(for communication and for command and control of the RPA) on air 
traffic control operations. Additional sessions evaluated procedures 
for a handover of the RPA between two different ground control 
stations”.

NLR selected Rotterdam The Hague Airport as it provided a reasonable 
operational scope for the simulation in terms of layout complexity and 
traffic mix. The airport is a small but important airport in the 
Netherlands, serving one of the larger metropolitan areas. It has one 
runway and does not apply segregated procedures, such as the hub 
operation at Schiphol, meaning that the integration of new airspace 
users at this airport would have an immediate impact on the ATC 
operation.

The simulation involved experienced former air traffic controllers, who 
know Rotterdam airspace and the airport procedures very well. They 
worked in the NARSIM validation environment for tower and approach 
operations and guided all aircraft in the traffic mix including the drone 
traffic. In addition, a military pilot familiar with the type of RPA selected 
was responsible for control of the RPA in the simulation via the MUST 
platform. Pseudo-pilots controlled the remaining visual (VFR) and 
instrument (IFR) traffic in the Terminal Manoeuvring Area (TMA) and at 
the airport.

REAL TIME SIMULATION AT ROYAL NLR - 
ROTTERDAM THE HAGUE AIRPORT

1.RPAS virtual outside view
on the NLR MUST platform

2.Debriefing session with a military 
RPIL on the MUST platform

3.Tower controller in Rotterdam 
The Hague Airport environment 

on NARSIM platform
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A further real time simulation campaign of the INVIRCAT project was 
held at CIRA last December at the Integrated Simulation Facility (ISF). 
“The main objective of the campaign was to assess the impact on the 
air traffic system operations of the introduction of an RPAS operated 
through Automatic Take-Off and Landing (ATOL) in a Terminal 
Maneuvering Area (TMA), specifically in take-off and initial climb and 
final approach and landing operations”, explains Riccardo Rocchio, 
responsible for the CIRA real time simulation.

Moreover, the CIRA campaign assessed the effects on the RPAS ATOL 
operations of C2L latency (both in LOS and BLOS conditions) both in 
nominal and some specific contingency conditions, also aiming to 
evaluate the potential fallout on the workload of ATCOs and remote 
pilot (RPIL).

The RPAS used for investigation in the CIRA test campaign had the 
characteristics and performance addressing the tactical class of RPAS; 
it was equipped with an ATOL system, that is supposed to be always in 
use, and excluded only under Remote Pilot command.

Over the course of five full days of tests, seventeen different test cases 
were run, with an experienced tower air traffic controller (ATCO), a 
remote pilot, and two pseudo-pilots, steering manned aircraft traffic 
and communicating with the tower ATCO involved in the simulations. 

As primary actors under investigation, the Tower ATCO and the RPIL 
were involved in human-in-the-loop exercises to test an operational 
scenario in which an RPAS is fully integrated within civil manned traffic 
and performs both take-off and landing with the ATOL system. 

All the test cases addressed a specific operational scenario covering a 
variety of factors’ combinations, such as latency (low and high delay), 
traffic operations (medium and standard traffic) and contingency 
events, namely runway incursions and ATOL system failures.

REAL TIME SIMULATION  AT CIRA - 
BARI INTERNATIONAL AIRPORT-KAROL WOJTYLA

More information on each Real Time Simulation scenario, complete with ATCO’s feedback and suggestions, can be 
found on the INVIRCAT website where the presentations that were shared during the open day and the video recording 
of the event, held on the 25th of January 2022, are hosted: www.invircat.eu/dissemination-materials 

On the whole, the exercises allowed to cover all validation objectives and to measure all performance indicators as 
planned.

The first findings have shown that the INVIRCAT ConOps was generally accepted and received valuable feedback on 
important details of the suggested procedures from both air traffic controllers and pilots.

Quantitative objective analysis on RWY throughput and equitable access to services and airspace resourcesare under 
elaboration.

Despite the fact that each exercise addressed very specific scenarios, the use of common and standardized data 
gathering tools is expected to allow a comparative analysis of the different experiment results. The result analysis is 
part of our next step and will be presented in a future issue of this newsletter.

1. Remote pilot controlling 
RPAS using FLARE RPS

2. ATCO managing traffic 
using CWP
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