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Abstract 
Today’s high-lift systems are designed to allow most efficient approaches with continuous deceleration on 

a 3° glideslope. For the approach they typicall posess a limited number of intermediate high-lift settings so that 
the aircraft is able to decelerate to landing speed. However, under current operations at most major airports 
pilots cannot choose their speed freely and can decelerate continuously but have to follow speed instructions 
given by ATC for the sake of a better sequencing and separation between aircraft in the intermediate and final 
approach segment. Also, an increase of the glideslope angle is currently under investigation and at some 
airports even already applied in order to reduce the noise impact on ground. In both cases today’s high-lift 
systems cannot provide constantly optimal high-lift configurations, which increases fuel consumption (due to 
the higher drag) and noise. In the framework of the STEPLESS project an automatic and stepless high-lift 
system was developed and validated. The aim of the STEPLESS autoflaps system is to dynamically optimise 
continuous intermediate settings of the high-lift system in order to (i) enhance the aircraft’s capability to follow 
speed restrictions from ATC, and to (ii) enable the increase of the glideslope angles to reduce the noise per-
ception on ground, while optimising fuel consumption and minimizing noise emissions by optimising the high-
lift configurations. The developed solution demonstrated to provide greater fuel efficiency together with a fur-
ther reduced noise perception on ground without negatively affecting capacity or traffic predictability for ATC, 
both for approaches with conventional 3° glideslopes and approaches with increased glideslopes. 

 

1. INTRODUCTION 
The concept of free, stepless positioning of high-

lift devices (flaps and slats) and their continuous ac-
tuation throughout the descent and approach phase 
represents a new concept for civil aviation. Currently, 
airliners deploy flaps and slats in fixed increments, 
moving between predetermined positions only after 
the aircraft’s speed has dropped below the maximum 
allowable speed for the next configuration step, 
known as Maximum Flap Extended Speed (VFE). In 
typical operations, these high-lift devices are fully or 
nearly fully extended for landing, providing two pri-
mary benefits: the generation of a large lift coefficient, 
which helps to achieve a low touchdown speed, and 
the creation of aerodynamic drag, which allows the 
aircraft to descent and decelerate. While the in-
creased drag during landing is accepted, and even 
desired, to facilitate the necessary deceleration and 
descent rate, the existing fixed configurations limit the 
flexibility to follow a precise flight path in terms of ver-
tical profile (i.e. altitude) and speed with minimum 
thrust. This forces the flight crew to fly with either a 
higher thrust than idle thrust or to use additional 
means for deceleration, such as speed brakes or 
early landing gear extension. Both, the use of drag 
devices and the increase of thrust causes increased 

emissions and noise impact especially during de-
scent, final approach and go-around. 

In the framework of the SESAR 3 exploratory re-
search project named STEPLESS, lead by DLR, a 
European team of research and industry experts de-
veloped an automatic, stepless high-lift system, 
called the STEPLESS solution with the aim to mini-
mise the flight environmental footprint during final ap-
proach under operations with conventional and non-
conventional (increased or decreased) glideslope an-
gles, while at least not negatively affecting (or even 
improving) the flow of arriving traffic within the Termi-
nal Manoeuvring Area (TMA). The project consortium 
consists of the seven European partners DLR, Empa, 
L-Up, NLR, Skylab, Thales AVS and the Technical 
University of Catalonia UPC. The project started in 
September 2024 and ends in February 2027. The 
project aims at a final TRL of the developed solution 
of 2. 

The introduction of stepless, continuously actu-
ated high-lift devices represents a significant oppor-
tunity to improve the aircraft performance across var-
ious flight phases. By enabling continuous and dy-
namic adjustments to flap and slat settings, the 
STEPLESS solution offers greater control over the 
aircraft’s aerodynamic configuration. This is particu-
larly advantageous in optimising the glide 
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performance during descent, where subtle adjust-
ments to high-lift devices can help to maintain optimal 
energy management while adhering to ATC speed re-
strictions and achieving noise and fuel efficiency ob-
jectives. Especially, during descent with increased 
glideslopes (IGS) – such as in the context of noise 
abatement procedures – current fixed-setting high-lift 
systems may require premature configuration to en-
sure sufficient deceleration. This can lead to unnec-
essary noise and fuel consumption due to increased 
drag earlier in the approach than ideal. In contrast, a 
stepless high-lift system could continuously adapt to 
real-time conditions, allowing to fine-tune the air-
craft’s descent profile and energy state without com-
promising on performance or efficiency.  

However, the true potential of a stepless high-lift 
system lies in its ability to be coupled with automated 
actuation. Automated flap actuation is rarely used in 
aviation today. Only some protection functions have 
been implemented today at some airliners (e.g. 
A350), that retract the flaps in case of a violation of 
the maximum flap extended speed (VFE) [1]. The 
STEPLESS solution maximises this capacity to its 
fullest extent by connecting the automatic high-lift 
functions with the aircraft’s Flight Management Sys-
tem (FMS), Flight Guidance (FG) and Flight Control 
System (FCS). This way, the STEPLESS autoflaps 
system continuously provides an optimal high-lift con-
figuration for airspeeds and vertical flight path angles 
provided either by the FMS or selected by the pilot 
through the Flight Control Unit (FCU), always based 
on the currently active Flight Guidance mode. By also 
considering the current aircraft weight and the prevail-
ing wind conditions, the developed autoflaps system 
always provides the optimal high-lift configuration for 
the current flight condition, allowing flight with mini-
mum thrust and minimum noise. The STEPLESS so-
lution also comprises adaptations in the cockpit HMI 
and procedures in order to ensure intuitive handling 
and indication for the pilots. 

To ensure broad acceptance and operational via-
bility, the proposed solution must adhere to a straight-
forward and practical design philosophy. It must be 
certifiable, meet stringent safety standards, and be in-
tuitive to operate. Minimising training effort is essen-
tial to ease the integration into current operations, and 
the overall implementation and retrofit costs on ade-
quate aircraft architectures must remain low to sup-
port scalable deployment across diverse aircraft fleet 
configurations (depending on the baseline platform 
selected). 

In the STEPLESS project an autoflaps system is 
developed for the A320neo as a representative state-
of-the-art single-aisle aircraft. However, most of the 
development strategies can also be applied to other 
aircraft types. 

At the beginning of the design phase, all poten-
tially affected systems were considered (referring to 
Airbus terminology): 

• Cockpit interface devices such as Flight Con-
trol Unit (FCU), flaps and speed brake lever 

• Cockpit Display Systems (e.g., Engine/Warn-
ing Display E/WD) 

• Slat Flap Control Computer (SFCC) 
• Flight Management System (FMS) 

Given the limited time and resources of an explor-
atory research project, the STEPLESS project con-
centrates on the development of the mandatory sys-
tem functions. Hence, the project was only able to de-
velop an initial prototype of the STEPLESS solution, 
providing a first implementation of the core function-
ality and enabling an initial operational and technical 
assessment. 

As the high-lift system must be operative under all 
possible flight conditions (even in fully manual flight 
and not only when following an FMS-calculated, in 
Airbus-terminology so-called “managed” approach), 
the flight control aspect is of higher priority than the 
flight management aspects. For this reason, the flight 
control functions of the high-lift system were ingesti-
gated first.  

In subsequent development steps, if necessary, 
the solution can be matured incrementally by extend-
ing the integration with additional avionics systems, 
refining the operational use cases, and progressively 
increasing the level of automation, performances and 
system authority. 

Such an incremental development approach al-
lows the concept to be introduced with limited com-
plexity at an early stage, while preserving a clear evo-
lution path towards more advanced implementations. 
The future development of STEPLESS may therefore 
be structured in successive capability steps, for ex-
ample as follows: 

• Step 1 (this project):  
• Independent STEPLESS feature calculat-

ing the optimal flap and slat deflection an-
gle using Flight Control Unit (FCU) and 
possibly flap lever and speed brake lever 
inputs. 

• The Slat/Flap Control Computer (SFCC) 
commanding the flap and slat actuation. 

• Pilot HMI to monitor the stepless high-lift 
device configuration and manage the 
high-lift configuration. 

• Flight crew procedures and training for 
operating an aircraft with stepless high-lift 
devices. 

• Step 2 (future research):  
Incorporation of FMS trajectory computation 
to dynamically update the predicted vertical 
profile with actual STEPLESS slat and flap de-
flection angle 

• Step 3 (future research):  
Automatic optimized stepless configuration 
management using FMS inputs (flight path 
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and guidance targets), pilot input, or a combi-
nation depending on the flight mode. 

For the project-specific implementation and devel-
opment of the solution, the STEPLESS autoflaps sys-
tem could only be implemented at flight controls level, 
not at FMS-level (consistent with step 1 increment de-
scribed above). For this reason, a fundamental frac-
tion of the full set of all functions of the full STEPLESS 
solution was already developed and validated. The 
functional description of the solution considers the ac-
tual implementation. Specific, FMS-related functions 
and requirements need to be subject to future re-
search. However, when the STEPLESS solution is re-
ferred to as such, the full implementation including 
FMS is meant. 

The intention of this paper is to provide a general 
overview on the work performed in the project, its 
aims and scope. As for various exercises described 
here, more detailed publications are planned. Where 
applicable the paper will give reference to planned 
publications, so that the reader is aware of an upcom-
ing detailed publication on the respective topic. 

Further project documentation [2-4] can be found 
on cordis [5]. 

 

2. PROJECT EXERCISES 
The STEPLESS solution has been validated 

through various studies clustered into four exercises 
directly addressing the different parts of the concept 
[6]. All exercises target the same set of use-cases 
and provide relevant information for a solution wide 
analysis. 

The use cases applied for the evaluation of the so-
lution are 

• Fly without FMS Profile, with and without Au-
topilot 

• Fly along FMS Profile 
• Adjust to ATCO Speed Intervention 
• Manage Vertical Deviation from High-Energy 
• Manage Vertical Deviation from Low-Energy 
• Perform Go-Around 

Figure 1 shows the four exercises in which all eval-
uation activities are clustered together with the re-
lated project partner. 

As can be seen in Figure 1 the four validation ex-
ercises overlap each other. These overlaps form the 
interfaces between the exercises. Nevertheless, each 
exercise can be regarded as an individual contribu-
tion to the complete validation of the developed 
STEPLESS solution. The depiction of the partner 
logos in Figure 1 shows the respective validation ex-
ercise to which each partner mainly contributes. 

The flight physics modelling and avionics valida-
tion is mainly performed by DLR, advised by Thales 
AVS concerning all aspects of the FMS integration. 
This work mainly comprises the development of the 

core optimisation algorithms of the autoflaps system 
and its validation in the AVES full-flight research sim-
ulator operated by DLR. Although the integration into 
the FMS is not performed in the STEPLESS project, 
all development work had to consider future aspects 
of the FMS integration. The cockpit HMI development 
was performed by NLR together with the evaluation 
of safety and certification related aspects. The devel-
oped cockpit HMI was validated in the APERO simu-
lator environment operated by NLR. The ATM as-
sessment was performed by UPC using NLR’s ATM 
fast-time simulation tool Traffic Manager TMX. Empa 
developed a dedicated noise model to evaluate the 
noise benefit from the STEPLESS solution for the 
conducted simulator trials in the AVES flight simulator 
and the ATM simulations. SkyLab acts as the connec-
tion between all exercises, bringing expertise from the 
cockpit into the development and validation exer-
cises, and mainly developed the adapted cockpit pro-
cedures and participated in the result evaluation of 
the simulator trials. 

 

 
Figure 1: Overview on the various project exercises 
[6]. 

 
In order to validate the developed STEPLESS au-

toflaps system, different validation objectives have 
been defined, that should cover the current validation 
work. 

• Objective #01: “Understand and implement 
the principles of stepless aircraft configura-
tions on the aircraft’s capability to capture and 
fly steeper glidepath angles in an energy-effi-
cient way”. 

• Objective #02: “Provide evidence of the envi-
ronmental benefits, namely CO2 emission and 
noise reduction”. 

• Objective #03: “Assess the impact of stepless 
high-lift aircraft operations on ATM”. 

• Objective #04: “Assess the impact of opera-
tions with stepless high-lift configurations on 
the human performance of pilots and required 
interfaces”. 

• Objective #05: “Assess the impact of opera-
tions with stepless high-lift configurations on 
aircraft airworthiness”. 
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• Objective #06: “Assess the impact of opera-
tions with stepless high-lift configurations on 
go-around flight phases”. 

The work performed in the different exercises is 
described in the following subsections. 

 

2.1 Development of the STEPLESS Core Func-
tions 

The development of the core functions of the 
STEPLESS solution was performed in the exercise 
“Flight Physics Modelling and Avionics Validation”. 
Here, the main optimisation algorithms of the au-
toflaps system were developed. 

The developed concept is based on pre-calculated 
lookup tables of optimal high-lift configurations for 
various flight states. The major input parameters for 
these tables are the target calibrated airspeed, the 
target vertical flight path angle, the current aircraft 
mass, the current altitude and the current wind. As 
can be see in Figure 2 the only inputs from the pilots 
are the selected speed and selected vertical speed as 
inserted on the FCU. For these input parameters op-
timum high-lift configurations were determined by 
flight mechanical calculations for various flight states, 
that allow flight (i) with idle (or at least minimum) 
thrust and (ii) at constant speed. 

The commanded high-lift configuration also de-
pends on the chosen flight guidance mode. In the cur-
rent development step of the STEPLESS solution 
there is no integration with the FMS yet and therefore 
the STEPLESS solution doesn’t yet support specific 
managed flight guidance modes or energy manage-
ment along the flight path. For all selected flight 
modes that use a geometric path angle (e.g. FPA 
mode, V/S mode and G/S mode), the lookup tables 
provide a high-lift configuration considering the tar-
geted vertical flight path angle. For all other selected 
flight modes (e.g. ALT mode, OPEN DES) a configu-
ration is commanded that provides best lift-to-drag-
ratio (L/D), which practically is the value from the 
lookup tables for FPA = 0°. 

For the future, full implementation of the STEP-
LESS solution, in case that managed flight guidance 
modes are used, the target values for calibrated air-
speed and flight path angle would likely be provided 
by the FMS. In the project this was only applied in a 
first simple connection with the experimental FMS of 
NLR’s APERO (Avionics Prototyping Environment for 
Research and Operations) simulator. For the simula-
tor campaign conducted in the AVES simulator, 
where a real Thales FMS was operated, the connec-
tion to the FMS was not implemented. Therefore, the 
integration into a real operational FMS in order to also 
use managed flight guidance modes with the STEP-
LESS solution must be subject to future work.  

Regardless from the chosen flight guidance mode 
the STEPLESS autoflaps system incorporates a spe-
cial VLS/VFE protection. With stepless movement of 

the flaps and slats the related limit speeds also 
change continuously. In order not to violate these limit 
speeds, the STEPLESS system limits the extension 
or retraction of flaps and slats in a way that the VFE 
or VLS for the current flap/slat deflection is not vio-
lated. This way, it is guaranteed that the aircraft is al-
ways operated within a safe speed regime. 

 

 
Figure 2: Generalised functionality of the STEPLESS 
system (with randomised flap angle lookup table) [4]. 

 
A detailed scientific journal publication on the 

functions of the STEPLESS autoflaps system and its 
validation in the AVES full-flight simulator is planned 
to be submitted in the near future. 

 

2.2 Cockpit HMI Development and APERO Sim-
ulator Campaign 

Various HMI concepts were developed and ana-
lysed regarding their applicability. This mainly con-
cerns changes in the cockpit displays, especially indi-
cations on the speed tape in the Primary Flight Dis-
play (PFD) and indications related to the high-lift sys-
tem in the Engine and Warning Display (E/WD). The 
aim of the additional indications is to assure that the 
pilot remains informed and has enhanced situational 
awareness of the automatic flap system's status. 
Apart from necessary changes in the cockpit displays, 
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changes in the cockpit hardware, such as a changed 
use of the flap lever was also analysed. 

These different HMI concepts were tested at the 
NLR test facility APERO (Avionics Prototyping Envi-
ronment for Research and Operations) in Amsterdam 
(see Figure 3) with airline pilots acting as experi-
mental pilot. 

The piloted trials focused on the validation of the 
HMI concepts by assessing the pilots’ capability of 
dealing with information (situational awareness and 
workload) and operating the system (handling quality 
and system usability). Both, questionnaires and semi-
structured interviews are used to collect data for this 
validation. 

The test scenarios used in the APERO simulator 
campaign were approaches to Zurich airport (ZRH) 
runway 34. 

The use cases covered by the NLR trials were: 

• Fly along FMS profile 
• Adjust to an ATCO speed intervention 
• Manage a vertical deviation from high-energy 
• Manage a vertical deviation from low-energy 
• Perform a go-around 

These use cases were selected to address all the 
common modes of operation of the flaps in the actual 
operation environment.    
 

 
Figure 3: Piloted test campaign in the APERO simu-
lator (photo credits: NLR). 

 
The APERO simulator campaign showed that the 

presented cockpit controls and displays functioned as 
expected. The adaptivity of the APERO test environ-
ment allowed for extensive testing of the concepts for 
the relevant flight phases, which enabled a compre-
hensive evaluation. In combination with the STEP-
LESS system, the scenarios demonstrated sufficient 
realism. The airline pilots involved confirmed the op-
erational relevance of the research and described the 
solution to be an improvement over current opera-
tions. The operational use of the STEPLESS system 
requires specific procedures to be developed by the 
manufacturer and airline, and corresponding training. 
From a technical standpoint, the primary limitation 
was the currently limited integration between the 
STEPLESS system and the FMS, which requires 

further technical developments. However, one of the 
main findings of the APERO campaign was that the 
potential of the STEPLESS auto-flaps system lies in 
the ease of functioning and intuitive usage of the so-
lution. 

The campaign led to several HMI-related recom-
mendations for future research. Overall, the current 
STEPLESS system was found to be an intuitive sys-
tem, which provided participants with the necessary 
information and controllability to fly approaches 
safely. 

A detailed scientific publication on the cockpit HMI 
development and the APERO simulator campaign is 
planned to be submitted in the near future. 

 

2.3 Cockpit Procedures and AVES Simulator 
Campaign 

Based on the findings from the APERO simulator 
campaign the STEPLESS autoflaps system was re-
vised and cockpit procedures were developed for a 
STEPLESS solution without a flap lever. 

The fully automatic STEPLESS autoflaps system 
was then tested with airline pilots in the AVES 
A320neo full-flight research simulator [7], operated by 
DLR in Braunschweig (see Figure 4). In this flight sim-
ulator piloted trials were conducted to validate the op-
erational and cockpit procedures and to generate 
high-fidelity data for the assessment of benefits of the 
STEPLESS solution on fuel consumption and noise.  

Although the validation means of using piloted tri-
als in a flight simulator is typically used for validations 
at higher TRL, the envisaged TRL in this validation 
exercise is 2. This does not contradict the use of a 
flight simulator, as the TRL of the developed system 
is not expected to be higher than TRL 2. Apart from 
the system development, one important item to be 
validated in the exercise have been the operational 
cockpit procedures. This can only be validated by pi-
loted trials. 

Same as in the APERO simulator campaign the 
test scenarios used in the AVES simulator campaign 
were approaches to Zurich airport (ZRH) runway 34. 

The use cases covered by the DLR trials were: 

• Fly without FMS profile 
• Adjust to an ATCO speed intervention 
• Intercept the glideslope from above 
• Perform a go-around 

The current cockpit implementation in the AVES 
simulator trials completely omitted the flap lever and 
the cockpit procedures have been adapted accord-
ingly. The STEPLESS autoflaps system was always 
engaged and became active when the current air-
speed fell below green dot speed. In the auto-mode 
the high-lift configuration was chosen based upon the 
lookup tables and the chosen flight guidance modes 
as described above. The final landing configuration 
was triggered by the deployment of the landing gear 

Deutscher Luft- und Raumfahrtkongress 2026

5©2026



 

 

(STEPLESS LAND mode). After the LAND mode was 
activated, the flaps automatically extend to landing 
configurationand are then fixed, so that the flaps are 
fixed for the very final approach after lowering the 
landing gear. 

 

 
Figure 4: The AVES A320neo full-flight research sim-
ulator (photo credits: DLR). 

 
The developed concept and the current implemen-

tation in the AVES simulator framework were suc-
cessfully demonstrated in the AVES flight simulator 
test campaign. The exercise was able to demonstrate 
that the concept and its implementation is operation-
ally feasible. 

The pilot feedback given in the AVES flight simu-
lator campaign generally showed that the pilots were 
very positive on the concept and its operational appli-
cation. 

 

2.4 ATM Evaluation 
In order to validate the effect of the introduction of 

the STEPLESS solution not only on aircraft level but 
also on ATM level, simulations were conducted by us-
ing the Traffic Manager (TMX) fast-time simulator, de-
veloped by NLR [8]. For this, a dedicated aircraft per-
formance model representing the specific behaviour 
of an aircraft equipped with the STEPLESS solution 
was developed by DLR for the Airbus A320neo, and 
was integrated into TMX.  

An Interval Management (IM) algorithm was im-
plemented within TMX to regulate the arrival se-
quence. The algorithm continuously calculates the re-
quired aircraft speeds to achieve a target spacing in-
terval of 90 seconds at the Final Approach Fix (FAF) 
between successive aircraft on the arrival. When the 
difference between the current speed and the calcu-
lated required speed exceeds a certain threshold an 
ATCO speed instruction is generated. This speed in-
struction is acknowledged by the virtual pilot and the 
aircraft will adjust its speed accordingly. 

This validation exercise performed by UPC [9] fol-
lows an iterative, scenario-based testing approach 
designed to assess the STEPLESS solution under a 
wide range of operating conditions, including varia-
tions in airport, approach procedures, weather condi-
tions (e.g., wind), traffic density, aircraft energy state, 
mass, and glideslope. The scenario establishes the 
airport location, the sub-scenario defines environ-
mental and operational variables not directly related 
to ATM, and the case study introduces ATM-specific 
variables to represent particular traffic management 
conditions within a given scenario and sub-scenario. 
This framework enables the evaluation of the STEP-
LESS solution from an ATM perspective across a 
broad range of operational environments. 

Furthermore, each experiment is evaluated under 
two conditions: a baseline configuration (without the 
STEPLESS solution) and a solution configuration 
(with the STEPLESS solution), allowing the benefits 
of the STEPLESS solution to be quantified. 

Same as in the two aforementioned piloted simu-
lator campaigns and in order to assure the com-
paribilty of the results, the test scenarios used for the 
ATM simulations were approaches to Zurich airport 
(ZRH) runway 34. Apart from Zurich airport the ATM 
simulation study also assessed approaches to Brus-
sels airport as well. 

The use cases covered by the ATM fast-time sim-
ulations are as follows: 

• Adjust to an ATCO speed intervention 
• Manage a vertical deviation from a high-en-

ergy state 
• Manage a vertical deviation from a low-energy 

state 

While not all ATCO actions are explicitly modelled, 
the Interval Management (IM) algorithm implemented 
in TMX remained continuously active throughout the 
simulations, performing the sequencing and spacing 
functions normally associated with ATC arrival man-
agement by issuing speed instructions to aircraft. 

The use of an Interval Management (IM) algorithm 
allowed the representation of realistic sequencing 
and spacing operations throughout the simulations. 
The performed experiments demonstrated stable op-
eration of the simulation environment across a wide 
range of operational conditions, including different 
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airports, traffic levels, weather conditions, glide slope 
angles, aircraft masses, and energy states. 

Although certain simplifications were introduced in 
the fast-time environment, such as the absence of ex-
plicit pilot modelling and the use of a lower-fidelity air-
craft performance model compared to e.g. flight sim-
ulator exercises in the AVES simulator. These limita-
tions did not prevent the successful evaluation of the 
targeted ATM-related indicators.  

The validation exercise demonstrated that the 
STEPLESS concept can be integrated within realistic 
arrival operations without introducing adverse effects 
on ATM-specific performance indicators. The simula-
tions showed that aircraft equipped with the STEP-
LESS autoflaps system can operate within standard 
sequencing and spacing constraints while remaining 
compatible with representative TMA arrival proce-
dures and Interval Management (IM)-based traffic 
regulation. 

Furthermore, the simulations indicate that the ad-
ditional flexibility introduced by STEPLESS high-lift 
configurations can be accommodated within existing 
arrival management processes without negatively af-
fecting arrival throughput or temporal predictability, as 
well as leading to fuel consumption benefits. 

Overall, the exercise confirms that the STEPLESS 
concept is operationally compatible with representa-
tive European TMA arrival environments and sup-
ports further maturation of the concept. 

From an ATM perspective, the simulations 
showed that throughput and predictability remained 
comparable to the baseline configuration under all 
tested conditions. No significant degradation in arrival 
capacity or temporal variability was observed, indicat-
ing that the introduction of STEPLESS does not neg-
atively affect the sequencing and spacing perfor-
mance of arrival operations. 

A more detailed description of the ATM assess-
ment in the STEPLESS project and its outcome can 
be found in [10]. 

 

2.5 Trajectory Backwards-Simulations 
Besides the piloted simulator trials and the fast-

time ATM simulation a further fast-time simulation 
study was conducted using a backwards simulation 
model for the descent and approach flight phase. This 
backwards simulation model is used for the analysis 
of flight performance using the STEPLESS solution 
for the calculation of reference vertical trajectories 
similar to the way an FMS calculates the flight’s verti-
cal profile. 

The purpose of the backwards simulations study 
was to investigate the potential benefits to update the 
FMS and use the STEPLESS solution outputs for the 
calculation of the reference vertical trajectory in the 
FMS. For this, the same simulations were conducted 
using the STEPLESS solution and the classical high-
lift system as a reference. The backwards simulations 

are intended to give a first indication for the future de-
velopment of the STEPLESS solution covering the 
implementation into the classical FMS and the further 
improvement of the FMS trajectory optimisation using 
the STEPLESS solution. For representing an integra-
tion into a classical FMS approach, the current sched-
ule of target speeds for the current high-lift configura-
tions was applied to the backwards simulations. In or-
der to demonstrate the potential for further improve-
ments in the trajectory optimisation, also different 
speed schedules were applied, so that the different 
high-lift configurations commanded by the STEP-
LESS solution led to different trajectories. 

A detailed scientific publication on the backwards 
simulation and the findings, which are relevant for the 
future FMS integration of the STEPLESS system is 
planned to be submitted in near future. 

 

2.6 Survey on Certification Related Aspects 
The project exercise “Safety and Certification” an-

alysed the concept of automatic, stepless flaps in re-
lation to certification aspects and compiled this into a 
separate report [11]. The outcome provides a 
roadmap to safely integrate the concept into the cur-
rent rules and regulations. Therefore, the CS-25 was 
analysed with respect to requirements, which need to 
be updated to take into account an automatic, step-
less flap concept. Furthermore, relevant require-
ments are identified for the concept development in 
other tasks in order to provide a safe and certifiable 
STEPLESS solution.  

The current certification specifications for large 
aeroplanes, the CS-25, are designed based on the 
actual technology level. New technology might re-
quire adaptations, since the technology was not fore-
seen at the time of the formulation of the certification 
specifications. Nevertheless, the certification specifi-
cations establish a safety standard that any new air-
craft design must fulfil. With an impact analysis, the 
STEPLESS autoflaps system has been analysed and 
its influence on the certification specifications has 
been evaluated. This analysis provides integration 
possibilities of stepless flaps in the current rules, but 
also architectural and design limitations have been in-
dicated. Further, an adaptation of particular para-
graphs of the CS-25 is proposed to provide a basis 
for the development of an aircraft design with stepless 
flaps.  

In case new regulations or adaptations should be 
implemented in the certification specifications, a rule-
making process has to be followed. This process 
comprises the consultation of relevant legislation and 
international standards. 

The Certification Review Item (CRI) provides a 
possibility for certification of designs, which are not 
fully covered by the certification specifications. During 
the certification process, an Equivalent Safety Finding 
can be requested. This allows to develop alternative 
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requirements, where non-compliance to the certifica-
tion specifications can be shown, provided that an 
equivalent level of safety can be achieved. 

The comprehensive analysis of all parts of the CS-
25 certification has been compiled into a report [11] 
that was reviewed by EASA. The relevant paragraphs 
of the CS-25 that pertain to the implementation of au-
tomatic, stepless high-lift devices have been identi-
fied and highlighted, with indications of potential mod-
ifications or other critical aspects that require atten-
tion. This examination provides an understanding of 
the existing regulatory framework and its implications 
for the design and certification of aircraft featuring 
stepless flaps. 

The list of requirements provides boundaries and 
technical information for the concept. Taking the limits 
of the CS-25 into account and providing equivalent 
safety findings for automatic, stepless high-lift de-
vices, where original regulations cannot be applied, 
will enable safe operations. 

From a certification point of view, there are no ma-
jor concerns for the feasibility of the STEPLESS solu-
tion, as long as safety standards are taken into ac-
count. The requirements provided in comprehensive 
report of this validation exercise [11] have to be used 
for the further development of STEPLESS solution in 
order to provide a safe and certifiable system. 

Currently, an analysis of the applicable require-
ments and a first roadmap to certification are availa-
ble, fitting to the general TRL 2 of the project. With 
further development of the system and reaching a 
higher TRL, the certification and safety analysis must 
be further developed towards an actual Certification 
Review Item and development of Equivalent Safety 
Finding. These steps have to be in close collaboration 
with the certifying authority and to be pursued when 
an actual operation with the system is foreseen. Fur-
ther rulemaking to address automatic, stepless high-
lift devices are only relevant when it is foreseen that 
a significant amount of new aircraft developments ap-
ply this system. 

 

3. DEMONSTRATION RESULTS 
It could be demonstrated that the STEPLESS so-

lution brings measurable benefits to the European 
ATM system by reducing fuel consumption and noise 
emissions during the descent phase, in particular dur-
ing flight phases where high-lift devices are deployed. 
One such critical flight phase is the capture of the 
glideslope segment, which typically coincides with a 
phase of speed deceleration and change in vertical 
flight path, e.g., from a shallow deceleration segment 
to the glideslope segment. 

The exercises demonstrated a clear benefit in fuel 
consumption and noise. This benefit depends of 
course on the test scenario and varies with the cho-
sen schedule of speed interventions from ATC and 
the glideslope angle. The highest fuel benefit was 

demonstrated with speed interventions similar to to-
day’s typical operations at Zurich airport. In this case 
the fuel benefit of the STEPLESS solution was at 
9.8 kg (4 %) for the last 45 NM of the approach. The 
noise benefit for this scenario is a 13 % reduction of 
the area with LAE ≥ 65 dB and a 7 % reduction of 
awakenings. For the increased glideslope angle (IGS) 
scenario with a glideslope angle of 4.2° the fuel ben-
efit is low, which could be expected as in this case 
also the reference flight with the classic high-lift sys-
tem was performed with engines mostly in idle on the 
glideslope. However, even in this scenario the STEP-
LESS solution saved 2 kg of fuel (1 %) over the last 
45 NM of the approach. The noise benefit is the more 
relevant benefit in the IGS case with a reduction of 
the noise contour of LAE ≥ 65 dB of about 15 % and 
a reduction of awakenings by about 10 %. 

The results obtained in the ATM assessment indi-
cate that STEPLESS can provide environmental ben-
efits while preserving ATM performance. From an 
ATM perspective, the simulations showed that 
throughput and predictability remained comparable to 
the baseline configuration under all tested conditions. 
No significant degradation in arrival capacity or tem-
poral variability was observed, indicating that the in-
troduction of STEPLESS does not negatively affect 
the sequencing and spacing performance of arrival 
operations. 

The results therefore suggest that STEPLESS can 
improve operational efficiency while maintaining sta-
ble ATM performance indicators. 

Further details of the result evaluation can be 
found in the related scientific publications that will be 
published in the near future. 

 

4. CONCLUSIONS 
A concept for the optimisation of high-lift configu-

rations was developed and applied in the framework 
of the STEPLESS project. The developed concept is 
based on pre-calculated lookup tables of optimal 
high-lift configurations for various flight states. The 
major input parameters for these tables are the se-
lected calibrated airspeed, the selected vertical flight 
path angle, the current aircraft mass, the current alti-
tude and the current wind. For these input parameters 
optimum high-lift configurations were determined that 
allow flight (i) with idle (or at least minimum) thrust 
and (ii) at constant speed.  

The exercise executed in the APERO simulator 
showed the potential of the different HMI concepts 
that were developed for the STEPLESS solution. Alt-
hough no single HMI concept emerged as the optimal 
solution, several components were found to be con-
venient, while others were deemed essential. The 
main finding, showing the potential of the STEPLESS 
solution, lies in the ease of functioning and intuitive 
usage. Without excessive training all participants 
were capable of flying the approaches safely and 
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manage their energy profile effectively. Pairing the 
LAND mode to the gear extension is considered of 
added value as well, and eliminates the necessity to 
have a flap lever in the cockpit during normal opera-
tions. Other aircraft states which allow for extension 
of flaps to their landing position, besides operating the 
gear down selector, could be an altitude or height lim-
itation (e.g. below 2,000 feet radar altitude) and an 
airspeed reaching approach speed. As a result, this 
would prevent flap extension to landing configuration 
during gear extension in an emergency descent or 
during early gear extension on an approach. The abil-
ity to use speed brakes is considered necessary and 
must operate separate to the STEPLESS system.  

A flap back-up mode should be available for non-
normal procedures to enable basic operations of the 
flaps and slats in the event of STEPLESS system fail-
ure. Actuation of the back-up mode could be via, for 
example, a simple switch or button for flaps move-
ment up and down. 

For the assessment of safety and certification re-
lated issues a list of relevant certification require-
ments was compiled and reviewed by EASA. The list 
of requirements provides boundaries and technical in-
formation for the concept. Taking the limits of the CS-
25 into account and providing Equivalent Safety Find-
ings for stepless high-lift devices, where original reg-
ulations cannot be applied, will enable safe opera-
tions. 

The developed concept was successfully demon-
strated in the AVES flight simulator test campaign. 
The exercise was able to demonstrate that the con-
cept and its implementation is operationally feasible 
and brings benefits in terms of fuel consumption and 
noise. 

The ATM Assessment demonstrated that the 
STEPLESS concept can be integrated within realistic 
arrival operations without introducing adverse effects 
on ATM-specific performance indicators. The simula-
tions showed that aircraft equipped with STEPLESS 
can operate within standard sequencing and spacing 
constraints while remaining compatible with repre-
sentative TMA arrival procedures and Interval Man-
agement (IM)-based traffic regulation. 

Furthermore, the simulations indicate that the ad-
ditional flexibility introduced by STEPLESS high-lift 
configurations can be accommodated within existing 
arrival management processes without negatively af-
fecting arrival throughput or temporal predictability, as 
well as leading to fuel consumption gains. 

Based on the findings of the exercises conducted 
in the STEPLESS project, various technical and op-
erational recommendations have been derived. 

The simulator campaigns conducted in the AVES 
simulator and the APERO simulator proved the imple-
mented STEPLESS solution is a suitable and func-
tioning system that provides benefits in terms of fuel 
savings, noise reduction and reduction of pilot work-
load. The simulator trials also revealed some possible 

first steps towards a fully automated, stepless high-lift 
system, which could already gain some of the opera-
tional benefits.  

The simulator campaign in the APERO simulator 
led to several HMI-related recommendations for fu-
ture research. To improve guidance, the FMS and 
STEPLESS modes should be integrated, enabling 
managed descent mode with automatic flap exten-
sion. Establishing standardised flying procedures and 
training is essential, including ECAM indications and 
procedures for system failures. 

In section 1 three steps of the development of the 
STEPLESS solution are introduced, with the present 
project being step 1. Consequently, it is required to 
further develop the STEPLESS solution concerning 
these next steps: 

• step 2: incorporation of STEPLESS into the 
FMS trajectory computation in order to dy-
namically update the vertical profile with the 
actual STEPLESS slat and flap deflection an-
gle.  

• step 3: automatic optimised stepless configu-
ration management using FMS inputs (flight 
path and guidance targets), pilot input, or a 
combination depending on the flight mode. 

Already after the completion of step 2 the STEP-
LESS solution would be operational for all existing 
flight guidance modes (including managed modes). 
Step 3 would further exploit the full potential possible 
with the application of the STEPLESS solution in the 
FMS. 

Apart from these necessary future development 
and research actions, it is also recommended to in-
vestigate in specific actuator-related issues. Gener-
ally, the existing slat and flap actuators of the 
A320neo are capable to cope with stepless high-lift 
configurations [12]. The current steps of the existing 
high-lift system are not discrete due to any mechani-
cal hardware limitation, but because of fixed com-
mands programmed in the control computers. Disre-
garding certification aspects, these commanded high-
lift configurations could be changed easily in the soft-
ware and without any limitation from the actuators. 
However, it was shown in the validation exercises that 
the movement cycles of the actuators are much 
longer and more frequent with the STEPLESS solu-
tion than with the classical high-lift configurations. As 
the existing flap and slat actuators might not be de-
signed for such a continuous movement, it is recom-
mended to investigate actuator wear and mainte-
nance aspects related to the continuous actuator 
movement as commanded by the STEPLESS solu-
tion. 
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NOMENCLATURE 
ALT Altitude Hold (Mode) 
APERO Avionics Prototyping Environment 

for Research and Operations 
ATC Air Traffic Control 
ATCO Air Traffic Controller 
AVES Air Vehicle Simulator 
CRI  Certification Review Item 
CS Certification Specification 
DLR German Aerospace Center 
EASA European Union Aviation Safety 

Agency 
ECAM Electronic Centralized Aircraft Moni-

toring 
E/WD Engine and Warning Display 
FCS Flight Control System 
FCU Flight Control Unit 
FG Flight Guidance 
FMS Flight Management System 
FPA (vertical) Flight Path Angle 
G/S Glideslope 
HMI Human-Machine Interface 
IAS Indicated Airspeed 
IGS Increased Glideslope Angle 
IM Interval Management 
LAE Sound Exposure Level 
L/D Lift-to-Drag Ratio 
NLR Netherlands Aerospace Centre 
OPEN DES Open Descent (Mode) 
PFD Primary Flight Display 
SERI Swiss State Secretariat for Educa-

tion, Research and Innovation 
SESAR Single European Sky ATM-Re-

search 
SFCC Slat/Flap Control Computer 
TMA Terminal Manoevering Area 
TMX Traffic Manager (simulation tool) 
TRL Technology Redainess Level 
UPC Technical University of Catalonia 
VFE Maximum Flap Extension Speed 
VLS Lowest Selectable Speed 
V/S Vertical Speed 
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