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1. Work package objectives 
 

1.1. WP2.2 Nonlinear programming and parallel computation 
 
The objective of this sub-work package is to investigate the improvements in the aircraft 
clearance process through parallel computations in conjunction with nonlinear programming 
(NLP) techniques for the detection of worst-case flight parameter and/or uncertain parameter 
combinations. The final goal is to develop a flexible and user-friendly software tool which 
incorporates both local and global search-based methods in combination with parallel 
computation techniques to determine worst-case uncertain parameters and/or flight condition 
parameter 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.  
 

1.2. WP2.3 Convex relaxations 
 
The objective of this sub-work package is to devise convex relaxations for non-convex 
optimization problems that are relevant to flight control clearance (CFCL). It is well-known 
that several classes of non-convex optimization problems can be transformed into an infinite 
sequence of convex optimizations in the form of linear matrix inequalities (LMIs) or 
semidefinite programs (SDPs). Then, one can apply the available convex optimization tools to 
approximate the solution of the original non-convex 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 the clearance of flight control 
laws. 
 

1.3. WP2.4 Structure exploiting algorithms 
 
The objective of this sub-work package is to develop structure exploiting optimization algorithms 
for optimization problems relevant to the clearance of flight control laws. Structure that can be 
exploited is, for example, the fact that some of the constraints are related to dynamics or the 
presence of sparcity in the representation of the system dynamics. 
 

1.4. WP2.5 Nonlinear programming for parameterized pilot inputs 
 
The objective of this sub-work package is to study and develop clearance methodologies for 
time-varying pilot inputs. The approaches that are studied are nonlinear programming for a 
parameterized pilot input signal, methods based on convex relaxations, and Lyapunov-based 
approaches for finding stability regions. For the nonlinear programming approach, one needs 
to study both an effective and accurate pilot signal parameterization as well as appropriate 
solution methods for the resulting problem. The dimension of the input signal space needs to 
be kept sufficiently small in order to obtain a computationally feasible problem. Furthermore, 
the resulting problem needs to be solved in a computationally reliable and efficient way. In 
order to achieve this goal, a combination of local and global methods will be used. For the 
Lyapunov based approach, focus will be on optimization-based techniques for the 
computation of maximum size stability regions. 



2. Progress towards project objectives 
 

2.1. WP2.2 Nonlinear programming and parallel computation 
The main objective in the reporting period M13-M18 was to implement methods and tools for 
parallel computation in MATLAB with respect to clearance problems. Parallelisation schemes 
have been prepared like multi-start strategies for a single clearance task and parallelisation of 
algorithms as suggested in D2.2.1 ‘Specifications of an optimisation-based clearance tool 
based on parallel computation’. For a selected set of manoeuvrability and protection criteria 
the computational set up is currently under preparation in applying the features for distributed 
computation. Test and verification can be started as soon as the simulation model is available 
in Linux executable form. Additional tools for analysis and viewing of the optimisation 
results are under construction. 
 

2.2. WP2.3 Convex relaxations 
Within Task 2.3.1, UNISI has analyzed the models provided in WP1 and has formulated some 
clearance criteria in terms of robustness analysis of uncertain systems. The considered 
clearance criteria are: aeroelastic stability and comfort in response to turbulence for the 
integral model; unpiloted stability and turn coordination for the nonlinear model. Lyapunov-
based techniques have been analyzed for different uncertainty model structures. 
A report on this activity has been released at month 15 (D2.3.2). 
 
Within task 2.3.3, UNISI is currently working towards the implementation of some of the 
considered robustness analysis techniques for preliminary versions of the uncertainty models 
to be delivered within WP1.4. 
 

2.3. WP2.4 Structure exploiting algorithms 
Task 2.4.1: The work in the sub-work package in the months 13-18 has been focused on the 
formulation of the chosen flight clearance problems as convex optimization problems and the 
definition of the model requirements in order to solve the clearance problem as an 
optimization problem. Much of this work is documented in the Deliverable D2.4.2 `Review 
and analysis of the models and clearance criteria’ which was submitted on the 29th of April 
2008. In D2.4.2 we show how the four clearance criteria chosen by LIU can be formulated as 
optimization problems.  
 
The criterion related to the eigenvalue stability of the integral model is formulated as a robust 
stability problem using the quadratic separator tool proposed by Iwasaki and Shibata (IEEE 
Trans. Aut. Control, 1997). The requirements for the analysis model is that the collection of 
all the linearized closed-loop models that span the flight envelope and the uncertain parameter 
space should be embedded in an LFT with respect to the flight envelope parameters (Mach 
and speed) and the uncertain parameters (payload and fuel tank levels). It is shown that the 
quadratic separator tool results in a feasibility problem involving a KYP LMI with a 
multiplier that characterizes the structure of the uncertainty set. 
 
The criterion related to the stability of the nonlinear rigid model is formulated as a robust 
stability problem using the IQC robust stability theory of Megretski and Rantzer (IEEE Trans. 
Aut. Control, 1997). The extra complication, compared to the integral model case, that 



imposes the IQC theory as the natural analysis tool is the presence of hard nonlinearities due 
to the rate limiters and saturations in the actuators and the control laws. As previously, the 
analysis model must be given as an LFT with respect to the flight parameters (Mach and 
speed), the uncertain parameters (CoG position) and the hard nonlinearities. 
 
The criterion related to the nominal SISO stability margin of the integral model is formulated 
as a maximization problem using the generalized stability margin proposed by Vinnicombe 
(2000). An algorithm based on IQCs is proposed to solve the maximization problem and it is 
shown how the optimization result is related to the classical exclusion regions in the Nichols 
plane, which are the common tool used by AIRBUS. The requirement for the analysis model 
is to have the SISO loop transfer functions as LFT models with respect to the flight and 
uncertain parameters. 
 
The comfort criterion for the integral model is formulated in the state-space domain as an H2 
analysis problem and a comparison is given with the frequency-domain formulation for a 
linearized aircraft model at a specified trim point. The state-space formulation has required 
certain approximations of frequency-wise responses using rational transfer functions but still 
the comparison of the state-space and frequency-domain comfort criteria is encouraging.  
 
Task 2.4.3: Furthermore, the problem of estimating the worst-case SISO stability margin 
over the variation in the uncertain and flight parameters has also been formulated as an 
optimization problem using the IQC theory and the generalized stability margin of 
Vinnicombe. The problem of calculating the worst-case ride comfort over variations in the 
uncertain parameters and flight parameters has been formulated as a robust H2 analysis 
problem. A solution of this problem is pursued using the IQC formulation of Scherer and 
Kose (IEEE CDC 2006). Currently, the IQC formulation is attempted to be solved using a 
special KYP-LMI solver which exploits the structure of the problem and will hopefully offer 
a substantial advantage in computational speed. 
 

2.4. WP2.5 Nonlinear programming for parameterized pilot inputs 
 
The work in this sub-work package has started on February 1st, 2007 and in the first 18 
months period has been focused on Tasks 2.5.2; 2.5.1 and 2.5.3. 
 
Task 2.5.2, Comparative study of optimisation and Lyapunov techniques, which is a literature 
review describing relevant techniques. 
Task 2.5.1, Review and analysis of the models, which is a report about relevant aspects of the 
Airbus model. These results will be a basis for further research.  
Tasks 2.5.1 and 2.5.2 are both completed. Work has also been done on Task 2.5.3; developing 
preliminary optimisation techniques. 
 
Task 2.5.3, For the nonlinear programming approach, we have implemented a 
parameterization of the pilot signal on the Airbus model (piecewise-linear and constant). We 
have also obtained preliminary results based on the pilot signal implementation and the 
application of a genetic algorithm on the Airbus model. Furthermore, we have started 
investigating how to further develop deterministic and stochastic sampling methods for the 
clearance problem. 
 



For the Lyapunov based approach we have started investigating methods based on Carleman 
bilinearization. Carleman bilinearization is a method which can be used to rewrite a controlled 
nonlinear polynomial (or real analytic) system into a (high order) bilinear system. If a linear 
controller is used together with a bilinear open-loop system the resulting closed-loop system 
will be quadratic. We have started investigating methods to compute whether a quadratic 
system has a guaranteed domain of attraction or not based on non-smooth Lyapunov analysis. 
The results can be applied to aircraft clearance directly in situations where actuator saturation 
does not occur, but it is conjectured that it is also possible to generalize the methods to cases 
where the actuators saturate. 
 

3. Deviations from project work programme 
 

3.1. WP2.2 Nonlinear programming and parallel computation 
There were no deviations from the planned work programme and no corrective actions were 
taken. 
 

3.2. WP2.3 Convex relaxations 
No substantial deviations from the project work programme have occurred so far. 
The analysis of the models provided within WP1 has revealed that some of the convex 
relaxations investigated so far will not be computationally feasible, due to the large size of the 
models. This has motivated the investigation of other robustness analysis tools, which is 
currently ongoing. 
 

3.3. WP2.4 Structure exploiting algorithms 
No substantial deviations from the project work programme have occurred so far. 
 

3.4. WP2.5 Nonlinear programming for parameterized inputs 
No deviations from the project work programme. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



4. List of Deliverables 
 
Table 1: List of deliverables 
Del. 
No. 

Deliverable 
name 

Work 
package 
number 

Date 
Due 

Actual/Forecast
Delivery date 

Estimated 
Indicative 
Person-
months 

Used 
Indicative 
Person-
months 

Lead 
contractor 

D2.3.2 Review and 
analysis of 
the models 
and clearance 
criteria. 

WP2.3 Apr 30, 
2008 

Apr 30, 2008 8 UNISI: 9 UNISI 

D2.3.3 New 
optimisation 
techniques 
developed. 

WP2.3 Jan 31, 
2009 

Jan 31, 2009 18 UNISI: 3 UNISI 

D2.4.2 Review and 
analysis of 
the models 
and clearance 
criteria. 

WP2.4 Apr 30, 
2008 

Apr 29, 2008 7 LIU: 8.5 LIU 

D2.4.3 New 
optimisation 
techniques 
developed. 

WP2.4 Jan 31, 
2009 

Jan 31, 2009 11 LIU: 6 LIU 

D2.4.4 Final 
software 
developed 

WP2.4 Jan 31, 
2010 

Jan 31, 2010 11 LIU:3 LIU 

D2.2.2 Development 
of a NLP-
based 
prototype 
clearance tool 
using parallel 
computation 

WP2.2 Jan 31, 
2009 

Month 24 12 DLR: 4 DLR 

D2.2.3 Analysis of 
selected set of 
clearance 
criteria 

WP2.2 Jan 31, 
2010 

Month 36 12 DLR: 2 DLR 

D2.5.1 Review and 
analysis of 
the models 

WP2.5 30 Apr 
2008 

20 April 2008 4.5 FOI: 3.7 FOI 

D2.5.3 Preliminary 
techniques 
developed 

WP2.5 Jan 31, 
2009 

Jan 31, 2009 22 FOI: 10.1 FOI 

 

5. List of Milestones 
 
Table 2: List of milestones 

Milestone 
number 

Milestone 
name 

Work 
package 
number 

Date  
due 

Actual/Forecast 
Delivery  

date 

Lead 
Contractor 

M2.3.3 Decision on 
how to proceed 
with the 
development of 

WP2.3 July 31, 2008 July 31, 2008 UNISI 



optimisation 
techniques 

 

6. Plan for using and disseminating the knowledge 
 

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

6.2. Dissemination of knowledge 
 
Table 3: Dissemination activities 
Planned/actual 

date 
Type Type of 

audience 
Countries 
addressed 

Size of 
audience 

Partners 
Responsible/involved 

Sept 2008  Workshop Research 
Industry 

All 50 All  

Month 1-36 Project 
website 

Research and 
Aerospace 
Industry 

All  All 

      
      
 
The workshop is intended to bring together researchers with interests in the variety of 
problems and techniques related to the clearance of flight control laws. 
It will be held in Siena on September 26, 2008. 
The web page of the workshop is www.unisi.it/eventi/cofcluo
The program will consist of 6 talks given by invited speakers, both from industry and from 
research institution, and 8 talks by people involved in the project. 
We expect that this forum will delineate the state of the art and will cover the emerging trends 
in this research area. The invited speakers will have the chance to present extended summaries 
of their research activity along the past years, results of ongoing work or preliminary ideas 
they would like to discuss with other researchers in the field.  
 

6.3. Publishable results 
 
Part of the recent work on convex relaxations techniques for non-convex optimization 
problems, made by the UNISI unit in WP2.3, will appear in the paper: 
A. Garulli, A. Masi, A. Vicino 
Convex relaxations for quadratic distance problems, 
IEEE Conference on Decision and Control, 2009.  
Though not strictly related to clearance of flight control laws, this work has been motivated 
and stimulated by the review on convex relaxations made in D2.3.1. Retrospectively, it seems 
unlikely that these techniques can be applied to the models generated within the project due to 
their large size. 

http://www.unisi.it/eventi/cofcluo
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