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2 Work Package objectives 
 
In this WP, clearance methodologies are developed that rely on optimisation techniques 
applied to  the clearance criteria defined in sub-WP1.2.  During the first three months, a 
survey of existing optimisation-based clearance methodologies will be carried out in sub-
WP2.1. This will serve as an input to sub-WP2.2-2.5, where different new techniques will be 
developed. In certain cases existing know-how can be re-used, and in other cases research has 
to be carried out. The clearance criteria can be divided into two distinct classes. One is when 
criteria are defined assuming the uncertain model parameters and flight conditions are 
essentially constant, the other is when the criteria are defined allowing time-varying 
disturbances and pilot-manoeuvres. The clearance of criteria in the first class is addressed in 
sub-WP2.2  using the non-linear parametric models developed in sub-WP1.1. The use of 
optimisation-driven worst-case search in conjunction with  parallel computation techniques  
(to speed up the clearance) is investigated. This approach allows to find worst-case 
combinations of parameters and flight conditions for which  the clearance requirements fail. A 
complementary approach based on convex relaxations is considered in sub-WP2.3. This 
approach relies on LFT-based uncertain models (developed in sub-WP1.4) and is able to 
guarantee clearance provided certain sufficiency type conditions are fulfilled. The structure 
exploiting algorithms developed in sub-WP2.4 can be used to significantly speed up the 
clearance approach developed in sub-WP2.3. The clearance of criteria in the second class is 
investigated in sub-WP2.5. This approach applies optimisation-based techniques on the non-
linear parametric models developed in sub-WP1.1 to determine worst-case disturbances and 
pilot-manoeuvres. Also here a complementary approach based on convex relaxations will be 
considered, and the structure exploiting algorithms will be used to speed up computations. 
The convex relaxations approach will typically determine not only safe regions in the flight 
envelope but also limits on the rate with which the aircraft can move around in the flight 
envelope.  
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3 Progress towards objectives 

WP 2.1 Survey of existing methods 
The objective of this sub-WP is to make a survey of existing optimization-based methods for 
flight control clearance. The work on this work package started on the 15th of February. The 
objective of this sub-WP has been achieved. A report has been produced that describes five 
methodologies for the clearance of flight control laws using optimization. These are based on 
the generalized stability margin nu-gap metric, Lyapunov function analysis, simulation-based 
optimization methods, bifurcation-continuation method and the structured singular value. The 
contractors involved in WP 2.1 were DLR, LIU, UNISI and FOI and all contractors have 
contributed equally to the preparation of the survey report. The deliverable D2.1.1 associated 
with this sub-WP was submitted on April 23rd. 

WP 2.2 Non-linear programming and parallel 
computations 

The objective of this sub-WP is to develop investigate the improvements of the aircraft 
clearance process through parallel computations in conjunction with non-linear programming 
(NLP) techniques for the worst-case detection. The final goal is to develop a flexible and 
user-friendly software tool which allows testing both local and global search based methods in 
combination with parallel computation techniques to determine worst-case parameter/flight 
condition combinations. A selected set of clearance criteria from those defined within sub-
WP1.2 will serve for benchmark testing of the new flight control laws clearance tool. The 
work on this work package started in February 1st, 2007. Both a toolbox for parallel 
computation and a set of approved NLP-solvers are available. The main objective in the 
reporting period was to investigate and prepare both local and global non-linear programming 
(NLP) techniques for parallel computation and to investigate and provide mixed 
integer/continuous and hybrid search methods for future benchmarking. The requested report 
D2.2.1 ‘Specifications of an optimisation based clearance tool based on parallel computation’ 
will be ready according to plan. 
 
 
 

WP 2.3 Convex relaxations 
 
The objective of this sub-WP is to devise convex relaxations for nonconvex optimization 
problems that are relevant to CFCL. It is well-known that several classes of nonconvex 
optimization problems can be transformed into an infinite sequence of convex optimizations, 
in the form of linear matrix inequalities (LMI) or semidefinite programs (SDPs). Then, one 
can apply the available convex optimization tools to approximate the solution of the original 
nonconvex problem within a prescribed precision, or to provide upper and/or lower bounds to 
the solution itself. The aim is to apply these techniques to optimization problems that are 
encountered in clearance of flight control laws. The work on this workpackage started on 
February 1st, 2007 and concerned Task 2.3.2 (comparative study of state-of-the-art techniques 
for nonconvex optimization problems that are relevant to CFCL). Within Task 2.3.2, UNISI 
has worked on reviewing and comparing different relaxations for nonconvex optimization 
problems. In particular, the attention has been concentrated on recently proposed techniques 
for the construction of Lyapunov functions, to prove robust stability of systems with 
structured uncertainty. 



 4

According to milestone M2.3.1, the relaxations that will be considered are: 
- classical techniques based on multilinearity or multiconvexity, for parameter-

dependent quadratic Lyapunov functions; 
- sum-of-squares relaxations of polynomial positivity tests, including the so-called 

Positivstellensatz approach and the methods exploiting properties of homogeneous 
polynomial forms; 

- techniques based on the theory of moments. 
 
 

WP 2.4 Structure exploiting algorithms 
 
The objectives of sub-WP is to develop structure exploiting optimisation algorithms for the 
optimisation problems relevant to clearance of flight control laws. Structure that can be 
exploited is e.g. the fact that some of the constraints are related to dynamics. Other possible 
structure is sparsity. The work of this package started on the 1st of February. The work in this 
work package has so far been focused on Task 2.4.1, which is a report on state-of-the-art 
techniques for Lyapunov-based stability analysis. This work has up to now mainly been to 
survey existing methods in literature. 
 

WP 2.5 Non-linear programming for parameterised 
pilot inputs 

 
The objective of this workpackage is to study and develop techniques for time varying inputs. 
The approaches that are studied are nonlinear programming for a parameterised pilot input 
signal, methods based on convex relaxations, and Lyapunov based approach for finding 
stability regions. For the nonlinear programming approach, one need to study both an 
effective and accurate pilot signal parameterisation as well as appropriate solution methods 
for the resulting problem. The dimension of the input signal space need to be kept sufficiently 
low in order to obtain computationally feasible problem. Further, the resulting problem need 
to be solved in a computationally reliable and efficient way. In order to achieve this goal, a 
combinationof local and global methods will be used.For the Lyapunov based approach, focus 
will be on optimisation based techniques for computation of as large stability regions as 
possible. The work in this sub-workpackage started by February 1, 2007. The work in the 
work package during the first six month period has been on Task 2.5.2, i.e. comparative study 
of techniques for nonlinear optimisation problems that are relevant to clearance of flight 
control laws which involve time varying inputs. The results of this study will be further 
described in the upcoming report, report on comparative study, D2.5.2.  Promising techniques 
for global optimisation, includes differential evolution, genetic algorithms and simulated 
annealing,where all of them have been combined with local methods. 

4 Deviations from Project Work Programme 
 
Deliverable D2.3.1 will be delayed one month.  
It has been decided to move milestone M2.4.1, which is to decide on which Lyapunov-based 
stability analysis methods to pursue, to month 9 when the report on the state-of-the-art 
techniques is delivered. 
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Deliverables D.2.5.1 and D2.5.2 has been moved to April 30, 2008 and October 31, 2007, 
respectively. 

5 List of Deliverables 
List all deliverables, giving date of submission and any proposed revision to plans. 

Del.  
no. 

Deliverable 
name 

Workpac
kage no. 

Date due Actual/Foreca
st delivery 

date 

Estimate
d 

indicativ
e person-
months 

*) 

Used 
indicative 
person-

months *) 

Lead 
contrac

tor 

D2.1.1 Survey of existing 
optimization 
methods for 
clearance 

WP2.1 Month 3 Month 3 4 4 
LIU: 1 
UNISI:1  
FOI: 1 
DLR: 1 

LIU 

D2.2.1 Specifications of 
an optimisation 
based clearance 
tool based on 
parallel 
computation 

WP2.2 Month 12 Month 12 10.1 5 
DLR: 5 

DLR 

D2.3.1 Report on state-
of-the-art 
techniques for 
nonconvex 
optimisation 
relevant to CFCL. 
 

WP2.3 Month 9 Month 10 12 3 
UNISI: 1 
LIU: 2 

UNISI 

D2.4.1 Report on state-
of-the-art 
techniques for 
Lyapunov-based 
stability analysis 

WP2.4 Month 9 Month 9 10 6.5 
LIU: 6.5 

LIU 

D2.5.2 Report on 
comparative study 

WP2.5 Month 6 Month 9 9 2.6 
FOI: 2.6 

FOI 

*) if available 
 
 

6 List of Milestones 
 
Milestone 

no. 
Milestone name Workpackage 

no. 
Date due Actual/Forecast 

delivery date 
Lead contractor 

M2.1.1 Survey ready WP2.1 Month 3 Month 3 LIU 
M2.3.1 Decision on which 

nonconvex 
optimisation 
problems will be 
tackled and which 
optimisation 
techniques will be 
considered. 

WP2.3 Month 6 Month 6 UNISI 
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M2.4.1 Decision on which 
Lyapunov-based 
stability analysis 
methods to pusue 

WP2.4 Month 6 Month 9 LIU 

 

7 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.  
 


