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2 List of related documents 
 
Deliverables D1.0.2, D2.0.2, and D3.0.2.  

3 Publishable executive summary 

3.1 Background 
 
Proving to the certification authorities that an aircraft is safe to fly is a long and complicated 
process. It is the responsibility of the manufacturer to show that the aircraft complies with the 
certification specifications, and especially the so-called airworthiness code. This code 
contains a huge amount of different criteria that has to be met. Before manned flights are 
performed to show that an aircraft meets all the clearance criteria, simulations and computer 
computations are performed. This project focuses on the computer computations in the 
certification process. If the computations can be made faster, time is saved which will reduce 
time to market for new products and will also allow for rapid prototyping. Moreover, it is also 
desirable to make the computations more detailed and accurate which will improve the quality 
of the certification process, and thus increase the safety of aircraft. 
 

3.2 Objectives 
 
It is important to keep in mind that the questions addressed in this project are not purely 
technical, since industry is already technically able to successfully clear flight control laws. 
The main industrial benefits of the new methods should be related to reducing the involved 
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effort and cost, while getting sufficiently reliable results, or increasing the reliability of the 
analysis results with a reasonable amount of effort. Therefore a benchmark problem has been 
defined according to current industrial standards and the results obtained from optimisation-
based clearance will be compared with a baseline traditional solution based on gridding the 
parameter space and testing the flight control laws for a finite number of manoeuvres.  
More specifically the following objectives will be demonstrated: 

 

1. a higher reliability of optimisation-based clearance of flight control laws (CFCL) in 
detecting safe and unsafe flight conditions as compared to the current industrial 
standard 

2. a reduction in effort and cost in terms of simulations and flights when optimisation-
based CFCL is used prior to final in-flight validation in order to define the test 
campaign 

3. a significant increase in safety through better quality and confidence in the clearance 
process when optimisation-based CFCL is used prior to final in-flight validation in 
order to define the test campaign. 

3.3 Description of work 
 
The clearance criteria have been selected so that the successful use of them in conjunction 
with optimisation-based CFCL will result in fewer off-line and manned simulations. For civil 
aircraft, dynamics related to the flexible structure require different, more detailed and thus 
larger models than what is necessary for military aircraft. Therefore new, integrated models 
have been developed and special attention will be paid to the fast trimming and linearisation 
of these models. Also the question of how to obtain rational approximations of the state space 
matrices of the linear parameter-varying systems resulting from the linearisation will be 
addressed. This will be essential in order to build so-called linear fractional transformation-
based parametric models, which are the state-of-the-art model representations used in 
robustness and stability analysis of control systems. 
 
In addition to this, the optimisation problem for CFCL is in some cases non-convex, hence 
there are local optima. This means that many optimisation methods will not find the global 
worst-case parameter combination, which for the CFCL might result in the wrong 
conclusions. Moreover, optimisation algorithms for non-convex problems often have tuning 
parameters which for the ordinary engineer might be difficult to understand. Also some 
optimisation problems might have such a large dimension, or the number of problems to be 
solved might be so large, that answers might not be found in reasonable time. Thus there is a 
need for more research in optimisation algorithms dedicated to CFCL in order to overcome 
the above-mentioned obstacles. 
 

3.4 Expected end results 
 
When the methods and tools developed in the frame of COFCLUO prove to be reliable, 
accurate and relevant in the validation and clearance process performed by design engineers, 
they are expected to become very soon part of the internal Airbus flight control laws 
validation process. Later on when confidence has been gained internally on such a new 
process involving optimisation-based methods, Airbus could propose to airworthiness 
authorities that they include the methods in the official clearance process. Some of the results 
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of the project will be developed into production quality clearance tools. These tools will either 
be sold or licensed, and used in-house or for consulting services. The results from the project 
are useful not only for clearance of flight control laws for civil aircraft but also for military 
aircraft. Many of the results obtained are general and can be adapted for clearance of control 
laws for vehicles other than aeroplanes, such as unmanned aerial vehicles, cars and trucks. 
Flight clearance for unmanned aerial vehicles is expected to be even more important than for 
manned aircraft. For the car industry, one application of optimisation-based clearance of 
control laws could be to improve the reliability of existing systems, such as vehicle stability 
control and traction control. Another application in future control systems development is 
automatic obstacle avoidance. The results obtained can also be used in the connection of 
validation of many other different types of systems, and thus the results will strengthen the 
ability of European industry to validate safety-critical systems in general. 
 

3.5 Partners involved 
 
Linköpings universitet, Sweden, Airbus France SAS, France , Deutsches Zentrum für Luft- 
und Raumfahrt e.V., Germany, Office National d'Etudes et de Recherches Aérospatiales, 
France, Swedish Defence Research Agency, Sweden, Universita' degli Studi di Siena, Italy 
 

3.6 Co-ordinator contact details 
 
Prof. Anders Hansson, Division of Automatic Control, Department of Electrical Engineering, 
Linköping university, SE-581 83 Linköping, Sweden, E-mail: hansson@isy.liu.se, Phone: +46 
13 28 16 81, Fax: +46 13 28 26 22. 
 

3.7 Project web-site 
 
http://er-projects.gf.liu.se/~COFCLUO 

4 Project objectives and major achievements during 
month 1-6 

 
For  an overview of general project objectives and their relation to the state-of-the art see 
Section 2 above. The main tasks for the first 6 months have been: 
 

• Formulation of a challenging clearance problem for civil aircraft (AIRBUS, ) 
• Implementation of suitable models and control laws to be analyzed (AIRBUS) 
• Selection of a representative set of clearance criteria to be analyzed (DLR, LIU, 

AIRBUS, FOI, ONERA, UNISI) 
• Development of basic software for trimming (DLR) 
• Overview of stat-of-the-art techniques for generation of LFT models. (DLR, LIU) 
• Survey of existing optimization-based clearance methodologies (LIU, UNISI, FOI, 

DLR) 
• Formulation of the clearance benchmark problem (AIRBUS) 
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The abbreviations of the partners involved in the tasks are given in parenthesis with the 
leading partner in bold-face. All of the tasks were carried out within the stipulated time-frame 
except the implementation of suitable models and control laws which have been delayed by 
one month. No corrective actions have been taken.  

5 Workpackage progress during month 1-6 
 
See deliverables D1.02, D2.0.2 and D3.0.2 for details regarding the work carried out within 
each WP.  

6 Consortium management 
 
The management and co-ordination is organized into three main components, the Project 
Steering Committee (PSC), the Scientific Advisory Committee (SAC) and the Management 
Group (MG).   
 
All participants follow a Project Manual in how to carry out their work. Important documents 
in this manual are the Quality Plan and the Communication Plan.  
 
The work to be carried out is divided into four main Work Packages (WPs), of which Project 
Management is one.  
 
Matthieu Jeanneau, WP leader for WP3 left the project in Month 5 for another position in 
AIRBUS. Guilhem Puyou now represent AIRBUS in the project as WP leader for WP3 and 
member of the MG and the PSC . 
 
The Research Manager stipulated in Annex 1, Ann-Christine Langselius left the project for 
another position when the project finally was approved. Bodil Mattsson replaced her at the 
start of the project. 
 

6.1 WP0 
 
Work Package 0 consists of sub-WP0.0, Research Management and sub-WP0.1, 
Dissemination.  In sub-WP0.0 the administrative work of the project is carried out. Work 
within sub-WP0.1 can be found in the Annex 1 - Plan for using and disseminating the 
knowledge. 
 
The Kick-off took place February 5-6 at Linköping University with 15 participants. The 
Prorector was there to welcome. All Work Package leaders presented their tasks. The first 
Project  Steering Committee meeting took place and so did the first Management Group 
meeting. The first technical meetings took place, one within each WP. Minutes of all meetings 
were taken and can be fond on the project portal, see below.  
 
How to divide the pre-payment among partners was decided at the Project Steering 
Committee meeting.  
 
The work with the Project manual was successfully completed at the end of March and 
includes a Quality Plan as well as a Communication Strategy.  
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We use a portal https://er-projects.gf.liu.se/ for coordination of the project. It seems to be a 
good tool  to coordinate the project.  As it is a new tool for everyone we still learn how to use 
it. 
 
All the tasks within WP0 have been taken care of. An updated Gantt chart for the whole 
project is shown in Annex 2. The amount of time used in WP3 is underestimated because of 
an administrative delay at AIRBUS, for details see Deliverable D3.0.2. Except for this the 
project is more or less running on time. The following delayed milestones will be dealt with at 
the technical meetings in Munich at the end of September: M1.1.1, M1.2.1, M1.4.1, and 
M2.3.1.  
 

6.2 Status of Deliverables sub-WP0.0 
 
Del.  
No. 

Deliverable name Work 
packa
ge no. 

Date 
due 

Actual 
deliver 
date 

Budget
ed 
person-
months  

Used 
person-
months  

Lead 
contrac
tor 

D0.0.1 Project Manual WP0 M1 M2 1 1 LIU 
D0.0.2 Kick-Off Meeting WP0 M1 M1 0,3 0,2 LIU 
D0.0.3 Project Progress Report M6 WP0 M6 M7 0,3 0,1 LIU 
D0.0.4 Project Progress Report M12 WP0 M12  0,3  LIU 
D0.0.5 Mid-Term Assessment Report WP0 M18  0,5  LIU 
D0.0.6 Project Progress Report M24 WP0 M24  0,3  LIU 
D0.0.7 Project Progress Report M30 WP0 M30  0,3  LIU 
D0.0.8 Final reports: WP0 M36  0,5  LIU 
 Final technical report       
 Exploitation report       
 Publishable summary report       
 Publishable synthesis report       
 

6.3 Status of Milestones sub-WP0.0 
 
Milestone 
No. 

Milestone name Work 
package 
No. 

Date due Actual/ delivery 
date 

Lead 
contractor 

M0.0.1 Project Manual WP0 M1 M2 LIU 
M0.0.2 Kick-Off Meeting WP0 M1 M1 LIU 
M0.0.3 Project Progress Report WP0 M6 M6 LIU 
M0.0.4 Project Progress Report WP0 M12  LIU 
M0.0.5 Mid-term assessment Report WP0 M18  LIU 
M0.0.6 Project Progress Report WP0 M24  LIU 
M0.0.7 Project Progress Report WP0 M30  LIU 
M0.0.8 Final reports WP0 M36  LIU 
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7 Annex 1 - Plan for using and disseminating the 
knowledge 

7.1 Exploitable knowledge and its use 
 
There are no exploitable results so far.  

7.2 Dissemination of knowledge 
 
Planned/actual 
date 

Type Type of 
audience 

Countries 
addressed 

Size of 
audience 

Partners 
responsible/invo
lved  

Month 1-36 Project web-
site 

Research 
and 
aerospace 
industry 

All  All 

 
On the project web-site all deliverables with dissemination level public are published. The 
address is http://er-projects.gf.liu.se/~COFCLUO.  

 

7.3 Publishable results 
 
No results have been published so far except for the publication of public deliverables on the 
project web-site.  
 
 

8 Annex 2 – Gantt chart 
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