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Wavelet Approach to Flutter Data Analysis
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A wavelet-based method is presented to analyze � ight � utter test data. The procedure utilizes the � lter action of
the continuous wavelet transform to enable damping estimation. An indication of the overall stability is obtained
from changes in the shape of the wavelet transform amplitudecross sections. The method is illustrated using simple
simulated examples and real � ight-test data. A good agreement was achieved compared to classical parameter
estimation techniques.

Nomenclature
[A] = structural inertia matrix
A.t/ = envelope function
a = dilation (scale)
[B] = aerodynamic damping matrix
b = translation
[C] = aerodynamic stiffness matrix
Cg = admissibility constant
c = damping
[D] = damping matrix
[E] = stiffness matrix
F = excitation vector
f = frequency
fc = wavelet central frequency
fh = shift frequency
fs = signal sampling frequency
fw = wavelet sampling frequency
f0 = Morlet function parameter
G. f / = Fourier transform of g.t/
g.t/ = wavelet function
ga;b.t/ = dilated and translated wavelet function
j =

p
¡1

[K ] = stiffness matrix
k = stiffness
[M ] = inertia matrix
m = mass
S = shape parameter
t = time
tc = time centroid
v = airspeed
.Wgx/ = continuous wavelet transform
X = Fourier transform of x
x.t/ = time-domain signal
1 f = analyzing function bandwidth
1 fg = wavelet bandwidth
1t = analyzing function duration
1tg = wavelet duration
³ = damping ratio
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½ = air density
Á.t/ = instantaneousphase
!n = natural frequency
¤ = complex conjugate

I. Introduction

F LUTTER is one of the most important aeroelasticphenomena.
It is a violent instability in which the structure extracts energy

fromtheairstream,oftenresultingin structuralfailure.Flutteroccurs
when theaerodynamicsforcesassociatedwith two ormore modesof
vibration couple in an unfavorable manner. There are various types
of � utter; however, the greatest effort in the design and certi� cation
process is addressed toward linear � utter in the unseparated � ow
case.

For this � ight regime, the behavior of the aircraft in � ight can be
described by a second-orderdifferential equation of the form

[A] Ry C .½V [B] C [D]/ Py C .½V 2[C] C [E]/y D 0 (1)

In practice, [B] and [C] depend on unsteady aerodynamics, which
means that they are functions of the frequencyof vibration, as well
as the airspeed, altitude, and wing dimensions. The system given
by Eq. (1) possesses frequencies and damping ratios in the same
manner as a system with no aerodynamic terms. However, these
parameters change as the � ight condition alters.

Classicalbinary � utter consistsof two modes,oftenwing bending
and torsion,whose damped natural frequenciesof vibrationbecome
closer as the airspeed increases.As the critical speed is approached,
one of the damping ratios increases, whereas the other decreases
rapidly to zero. Beyond this critical speed (the � utter speed), this
seconddampingratiobecomesnegative,andanysmall displacement
will result in a divergent unstable oscillation.

The airworthinessclearanceprocedure1;2 on all new and modi� ed
aircraft involves ground vibration testing to validate the structural
� nite element models and wind-tunnel testing to validate the aero-
dynamic models. Finally, � ight � utter tests have to be carried out
to demonstrate freedom from � utter over the entire � ight envelope.
Civil prototype aircraft must typically be � utter free to a speed of
20% greater than the design dive speed.

The conventional � utter test1;2 consists of � ying the aircraft at a
desired � ight condition and then measuring the response to some
form of excitation. These data are then curve � tted to estimate fre-
quencies and damping ratios. From the trends of these parameters
against speed, or Mach number, the decision is then made as to
what new test condition to � y at. Flight � utter tests are also very
costly and time consuming. They usually combine � ight conditions
involvingdifferent fuel loads, � ight controlgains, � ight speeds,and
other important parameters.

125



126 STASZEWSKI AND COOPER

It is well known that damping parameters are the most dif� cult
to estimate accurately, and the analysis of � ight � utter data is much
more dif� cult2;3 than that of groundvibrationtestingdue to the noisy
environment,time constraints,and problems with instrumentingthe
aircraft.Despite thesedif� culties, the estimatesof dampingparame-
tersmust be accurateand reliableto ensurea safe clearanceprogram.
This is not an easy task. Damping estimates in � utter tests are usu-
allyobtainedusingconventionalfrequency-and time-domainmodal
parameter estimation methods.3 Recent applications have also in-
cluded the use of the Hilbert transform(see Ref. 4), spatial� ltering,5

and wavelets.6

The aim of this paper is to apply previous work on wavelet-
based analysis6 to � ight � utter testing. A brief introduction to the
continuouswavelet transform is given followed by a descriptionof
the damping estimation procedure based on the wavelet transform
cross sections, including an approach using the envelope function.
These theoretical developments are initially demonstrated using a
simple multi-degree-of-freedom (MDOF) example. Results using
the approach are then compared with those results obtained using
conventional analysis approaches on simulated and real � ight-test
data.

II. Continuous Wavelet Transform
The Fourier transformcan be consideredas a decompositionof a

functioninto a linear combinationof harmonicsweightedby Fourier
coef� cients. This decomposition does not give any local informa-
tion about the function due to the in� nite nature of the trigonomet-
ric functions used in the analysis. A localized decomposition can
be obtained using the wavelet transform. A brief introduction to
the relevant wavelet theory is given in this section. More detailed
analysis can be found elsewhere.7

A. De� nition

For all functions x.t/ satisfying the condition
Z C1

¡1
jx.t/j2 dth1 (2)

[which implies that x.t/ decays to zero at §1], the wavelet trans-
form can be de� ned as

.Wg x/.a; b/ D
1

p
a

Z C1

¡1
x.t/g¤

³
t ¡ b

a

´
dt (3)

where b is a translationindicatingthe locality,a is a dilationor scale
parameter, and g.t/ is an analyzing (basic) wavelet. Each value of
the wavelet transform(Wgx )(a; b) is normalizedby the factor1=

p
a.

This normalization ensures that the integral energy given by each
wavelet ga;b.t/ is independent of the dilation a.

Any function g.t/ can be used as an analyzing wavelet when it
satis� es the admissibility condition7

Cg D
Z C1

¡1

jG. f /j2

j f j
d f <1 (4)

where G. f / is the Fourier transform of g.t/; g.t/ must be also a
window function to enable the possibility of time-frequency local-
ization. This additionally means that

Z C1

¡1
jg.t/j dt <1 (5)

In practice, some regularity and smoothnessof the wavelet function
is also imposed. A number of different functions have been used in
the wavelet analysis. In what follows, the Morlet wavelet, de� ned
in the time domain as8

g.t/ D exp. j2¼ f0jt j/ exp[¡.jt j2=2/] (6)

is applied. The Morlet wavelet can be represented in the frequency
domain as a shifted Gaussian function

G. f / D
p

2¼ exp
£
¡2¼ 2. f ¡ f0/2

¤
(7)

a) Time domain, dilation 0.4

b) Time domain, dilation 0.1

c) Frequency domain

Fig. 1 Morlet wavelet function:——, real part; – – – , imaginary part;
——, dilation ¡ 0:4; and – – – , dilation ¡ 0:1.

Fig. 2 Shifted Morlet wavelet function: ——, Morlet wavelet; and
– – – , shifted Morlet wavelet: a) time domain and b) frequency domain.

The admissibility condition given by Eq. (4) is not satis� ed because
G.0/ ¸ 0, which gives Cg D C1. In practice the value of f0 > 5
is used,8 which meets, approximately, the requirements given by
Eq. (4). Figure 1 shows an example of the Morlet wavelet function
in the time and frequency domain for different values of dilation
parameters.

In many cases the so-called shifted Morlet wavelet can be used.
Thus, instead of f in Eq. (7), ( f ¡ fh ) is applied, where fh is the
shift frequency. When the shifted Morlet wavelet is used, the fre-
quencypositionof the wavelet functionis changed,but its frequency
bandwidth remains unchanged,giving a better time resolution.This
effect can be seen in Fig. 2.

In summary, the wavelet transformis an exampleof a linear trans-
formation that decomposes an arbitrary function x.t/ into elemen-
tary functionsga;b.t/, whichareobtainedfrom theanalysingwavelet
g.t/ by dilationand translation.The time decompositionis given by
translationb. The frequencysegmentation,that is, scale decomposi-
tion, is obtainedby dilatingthe chosenanalyzingwavelet.These two
operations produce a basis that can represent any reasonable func-
tion. For practical purposes, the decay given by Eq. (2) is very fast
and, thus, introduces locality into the analysis. This is not the case
of the Fourier transform, where one in� nite trigonometric function
gives a global representation.
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B. Properties

The wavelet transformhas a numberof usefulproperties.7 A sum-
mary of the most important time-frequency localization properties
used in the paper is given next.

The wavelet transform is a linear decomposition of a signal. For
N given functions xi and N complex values ®i , i D 1; 2; : : : ; N ,

³
Wg

NX

i D 1

®i xi

´
.a; b/ D

NX

i D 1

®i .Wg xi /.a; b/ (8)

which shows why the wavelet analysis is convenient for multicom-
ponent signals.

It is clear from the de� nition that, whereas the Fourier trans-
form extracts periodic in� nite waves from the analyzed function,
the wavelet transform analyzes a function only locally at windows
de� ned by a wavelet function. On � rst inspection,Eq. (3) is in gen-
eral nonlocal. The value of (Wg x )(a; b) at a point (a0; b0) depends
on x.t/ for all t . However, the conditions given by Eqs. (2) and (5)
provide that the function g.t/ decays to zero at ¡1 and C1. If
one assumes a fast decay, that is, the values of g.t/ are negligible
outside the interval (tmin; tmax ), the transform becomes local.7

The frequencylocalizationis clearlyseen when the wavelet trans-
form is expressed in terms of the Fourier transform

.Wg x/.a; b/ D
p

a

Z C1

¡1
X . f /G¤

a;b.a f / exp.i2¼ f b/ d f (9)

This localizationdependson the dilationparametera. The local res-
olutionof the wavelet transformin time and frequencyis determined
by the duration and bandwidth of analyzing functions7

1t D a1tg 1 f D 1 fg=a (10)

where 1tg and 1 fg are the duration and bandwidth of the basic
wavelet function, respectively. Thus, in the frequency domain, the
wavelet transform has good resolution at low frequencies,and con-
versely, good resolution at high frequencies in the time domain.
The latter case being suitable for non-stationaryand transientsignal
detection.

The wavelet transform decomposes the signal in the timescale
domain. The relationship between the scale and frequency
representations9 is illustrated here using the Morlet analysing
wavelet function. The bell-shaped Morlet wavelet � lter given by
Eq. (7) can be approximated using the triangle function10

G. f / D

(
1 ¡ 2¼ ja f ¡ f0jp

¼
2¼ ja f ¡ f0j ·

p
¼

0 2¼ ja f ¡ f0j ¸
p

¼

(11)

The wavelet � lter central frequencyand bandwidth follow from this
approximation as

fc D f0=a (12)

and

1 f D
p

¼=¼a (13)

respectively. It is clearly seen that both � lter parameters depend
on dilation a. Equation (12) gives also the relationship between the
scale parameterand frequencyof the wavelet analysisfor the Morlet
wavelet function. In general, the sampling frequencyof the wavelet
fw and the sampling frequency of the signal fs do not need to be
equal. As a consequence,Eq. (12) can be modi� ed9 as

fc D . f0=a/ fs = fw (14)

C. Numerical Implementation

The wavelet transform can be calculated numerically in the
time or frequency domain using Eqs. (3) or (9), respectively. The
frequency-domainapproach is straightforward and leads to the in-
terpretation of the calculation algorithm as a bank of � lters. Equa-
tion (9) can be written in discrete form as

W .m; n/ D
p

m1a
X

fn

X . fn/G¤.m1a fn/ exp.i2¼ fnn1b/ (15)

where fn are discrete values of frequency and 1a and 1b are the
incrementsof dilationand translation,respectively.It is clearly seen
from this equation that the wavelet transform can be implemented
with the help of the fast Fourier transform (FFT) algorithm. This
operation can be performed by generating the family of all dilated
wavelets in the frequency domain and multiplying G¤.m1a fn ) by
X ( fn ) before transformingthe results back to the time domainusing
the inverse FFT.

Because the wavelet transform is complex valued, it can be pre-
sented in terms of its amplitude and phase. It is usual to normalize
the maximum values of the modulus to 1.0, with the phase values
distributedbetween 0 and 2¼ . To further enhance the interpretation
of the phase plots, if the modulus of the wavelet transform is less
than 3% of its maximum value, the phase value is not plotted. A
logarithmicscale on the dilation axis is chosen to enhance the small
dilationcoef� cients. Simple examples of the use of the method may
be found in Ref. 11.

III. Wavelet Decomposition for Damping Estimation
A number of different techniques have been proposed recently

to estimate damping using wavelets.11 These procedures are based
on 1) wavelet transform cross sections, 2) wavelet domain � ltering
and impulse response functions, and 3) wavelet ridges and skele-
tons. Here, the procedurebased on wavelet transformcross sections
is presented. This procedure is used in the paper to estimate the
damping in the � utter vibration data examples.

A. Mode Decoupling

The MDOF system is governed by the general equation

[M] RX C [C] PX C [K ]X D F (16)

which is a set of N coupled equations.The impulse responseof this
MDOF system can be given in general form as

h.t/ D
NX

i D 1

Ai exp.¡»i !ni t/ sin
¡p

1 ¡ » 2
i !ni t C ’i

¢
(17)

where !ni is the natural frequency, N is the number of consid-
ered modes, Ai is the residue magnitude of the i th mode, and »i is
the damping ratio. This response is a linear combination of single
modal components; each mode is given by an exponentiallydecay-
ing harmonic function. Only a few methods exist that enable the
modes to be uncoupled,for example, modal � ltering12 and complex
envelope.13 More recently, the wavelet transform has been used for
mode decoupling.

Section II showed that the wavelet transform decomposes the
analyzed signal as a time–frequency � lter. Because wavelets are lo-
calized in time and frequency,Equations(3) and (9) can be rewritten
for multicomponent signals as

³
Wg

NX

i D 1

xi

´
.a; b/ D 1

p
a

NX

i D 1

Z t C 1tg

t ¡ a1tg

xi .t/g £
³

t ¡ b

a

´
dt

(18)
and³

Wg

NX

i D 1

xi

´
.a; b/ D

p
a

NX

i D 1

Z fi C .1 fg=a/

fi ¡ .1 fg=a/

X . f /G¤
a;b.a f /

£ exp.i2¼ f b/ d f (19)
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respectively. This shows clearly the � ltering action of the wavelet
transform where the wavelet analyzing function for each mode is
peaked at modal frequency fi . For the Morlet wavelet function,
the relationship between frequency and dilation and the frequency
bandwidth of the � lter is given by Eqs. (12) and (13), respectively.

B. Damping Estimation Procedure

It is well known that the dissipative mechanism of the system
can be detected by the analysis of the decaying envelope A.t/ of
the impulse response function. For a single mode in Eq. (17), the
constitutive function A.t/ is written in the explicit form

A.t/ D A0 exp[.¡c=2m/t] (20)

where c D »=2
p

.km/. The envelope function A.t/ can be obtained
usingthe complexenvelopeapproachbasedon the Hilbert transform
(see Ref. 13) Taking the logarithm of Eq. (20) gives

A.t/ D ¡»!n t C A0 (21)

Thus, the damping ratio » of the system can be estimated from the
slopeof the straightenvelope line A.t/ plotted on a semilogarithmic
scale.This procedureis well knownin the literature,andapplications
can be found elsewhere.14;15 A similar procedure can be applied in
the case of the wavelet transform.11 For the underdamped case, the
solution for a single mode of the system can be given in the form

x.t/ D A.t/ exp[Á.t/] (22)

where A.t/ is assumed to be a slowly varying function.For the Mor-
let wavelet function g.t/ given by Eq. (7), which is also the analytic
complex valued functionand has good localizationproperties in the
frequency domain, the wavelet transform of the solution given by
Eq. (22) can be approximated as16

.Wg x/.a; b/ ¼ A.b/G¤.a PÁ.b// exp[ jÁ.b/] C O.j PAj; j RÁj/ (23)

where G.¢/ is the frequency representation of the Morlet wavelet
function. The modulus of this function is given by

jWgx/.a; b/j ¼ A.b/jG¤[a PÁ.b/]j (24)

For a single-modeconstitutiveenvelopeand instantaneousfunctions
taken from Eq. (17), this can be represented as

j.Wgx/.a0; b/j ¼ A0 exp.¡»!nb/
­­G¤

¡
a0 § j!n

p
1 ¡ » 2

¢­­(25)

for the given value of dilation a0 . The value of dilation a0 can be
related to the natural frequency of the system f0 through Eq. (12)
or (14). Equation (25) reveals that

j.Wg x/.a0; b/j ¼ ¡»!nb C
¡
A0

­­G¤
¡
a0 § j!n

p
1 ¡ » 2

¢­­¢

(26)

and thus, thedampingratio» of the systemcanbe estimatedfrom the
slope of the straight line obtained by plotting the log of the wavelet
modulus cross section j.Wg x/.a0; b/j. This result is similar to the
envelopeanalysisgivenby Eq. (21). The resultgivenby Eq. (26) was
obtainedalso on assumption that the analyzingwavelet functionhas
good localization properties in the frequency domain. In practice
when the cross section of the wavelet transform is used for the
particular value of dilation aa , the Fourier transform of the Morlet
wavelet function is peaked at the value of frequency f0; both values
are related by Eq. (12). Note that the cross section of the wavelet
transformin the scale domain can be obtaineddirectlyfrom Eq. (15)
without any calculation of the whole timescale plane. One can see
that the procedure based on the wavelet transform is very similar
to the procedure based on the classical complex envelope function.
The advantage over the classical procedure is the wavelet � ltering
or decoupling action.

C. Shape Parameter

The shape of the cross section of the wavelet transform can give
information about the decay amplitude of the signal, which can in-
dicate the dampingor stabilityof the system.Many parametersexist
that can be used to study the decaying nature of the amplitude. The
length of the decay, which indicates the amount of overall damping,
can be measured using the shape parameter4

S D 1=tc (27)

where tc is the time centroid of the wavelet cross section envelope.
It can be de� ned as

tc D

R b max

0
.Wgx/.a; b/b db

R b max

0
.Wgx/.a; b/ db

(28)

where bmax is the maximum value of time chosen to give an upper
bound to the analyzed area. For an underdamped response, a de-
crease in S indicates a decrease in the system damping. It may be
shown that, for a single DOF system, when the damping goes to
zero, then S goes to 2=bmax. This limit gives a threshold for system
instability.The shape parameter S of the wavelet cross section does
not identify the damping of the system; however, it can be used as
an approximate measure of the overall system damping.

D. Example

As an example of the use of the proposed approach, a two-
DOF system with well-separated and closely spaced modes is an-
alyzed. The parameters of the systems are as follows: f1 D 20 Hz,
f2 D 75 Hz, »1 D 0:03, and »2 D 0:045 for the well-separatedmodes
system and f1 D 25 Hz, f2 D 30 Hz, »1 D 0:06, and »2 D 0:02 for the
closely spaced modes system (although they may not seem to be
closely spaced, there is signi� cant interaction between the modes).
Figures3 and 4 show the impulse and frequencyresponseof the sys-
tem, respectively.The wavelet transformfor the system with closely
spaced modes is given in Figs. 5a and 5b. It is dif� cult to see both
modes in this case. However, these modes can be separated using
the proper values of dilation and the shifted Morlet wavelet func-
tion, as shown in Figs. 5c and 5d. The cross sections of the wavelet
transform amplitude for the system with close modes are presented
in Fig. 6. These cross sections were plotted in the semilogarithmic
scale in Fig. 7 and used to obtain the damping values and shape
parameters given in Table 1. It can be seen that good estimates of
damping parameters were obtained.

a) Well separated modes

b) Close modes

Fig. 3 Impulse response functions for the two-DOF example.
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Table 1 Damping estimates for the analyzed binary system

Frequency, True damping Estimated Error, Shape
Hz ratio damping ratio % parameter

20 0.03 0.02987 ¡0:43 5.11
75 0.045 0.04489 ¡0:24 17.53
25 0.06 0.06062 C1:03 6.22
30 0.02 0.01998 ¡0:1 3.71

a) Well separated modes

b) Close modes

Fig. 4 FRF amplitudes for the two-DOF example.

a)

b)

c)

d)

Fig. 5 Wavelet transform for the two degree-of-freedom example: a) Morlet wavelet function used, amplitude; b) Morlet wavelet function used,
phase; c) shifted Morlet wavelet function used, amplitude; and d) shifted Morlet wavelet function used, phase.

IV. Flutter Data Analysis
The damping identi� cation methods based on the wavelet trans-

form cross sectionswere applied to simulated and industrialaircraft
� ight-test data.

A. Simulated Binary Flutter Data

Impulse response data was generated at different � ight speeds
using a simulated binary aeroelastic system. The frequency, damp-
ing, and airspeed parameters were chosen to match classical wing
bending/torsion vibration. The generated data were corrupted by
a Gaussian noise (signal-to-noise ratio D 8 dB). Damping ratios
were estimated using the wavelet transform approach described
earlier.

Figure 8 shows a comparison between the theoretical and es-
timated values of damping ratio for two simulated modes. It can
be seen that satisfactory estimation of damping was obtained. The
shape parameters of the wavelet transform cross sections were then
calculated. The variation of shape parameters with speed are pre-
sented in Fig. 9. Here the condition of zero damping corresponds
to the shape parameter equal to 0.125 (bmax D 16 s). When Figs. 8
and 9 are compared,a good correlationbetween damping ratios and
shape parameters can be observed.

B. Flight-Test Data

The wavelet transform approach was also applied to � ight-test
data. The data sets were taken from the � ight � utter test of a com-
mercial aircraft. Impulse response functions were obtained from
the estimated frequency response functions (FRFs) for two differ-
ent � ight speeds.
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a) First mode

b) Second mode

Fig. 6 Cross sections of the wavelet transform amplitude presented in
Fig. 5.

a) First mode

b) Second mode

Fig. 7 Semilogarithmic plot of the cross sections shown in Fig. 5.

Fig. 8 Binary � utter example; variation of damping with speed:±,
theroy, and £ £ , wavelet transform.

Fig. 9 Binary � utter example; variation of shape parameters with
speed.

a)

b)

Fig. 10 Flight � utter data: a) impulse response and b) FRF amplitude.

Figures 10a and 10b show an example of the impulse response
and the FRF amplitude, respectively, for the data representing the
lower � ight speed. The impulse responses were analyzed using
the wavelet-based procedures. Figure 11 shows an example of the
wavelet transform for the data presented in Fig. 10a. It can be seen
that the proper choice of wavelet parameters allows one to focus
the analysis on the chosen modes. The wavelet transformcross sec-
tions for these modes are presented in Fig. 12. For this work, it was
decided to analyze the two dominant modes at each � ight speed.
A drop in the amplitude of the wavelet cross section representing
the � rst mode, at about 2.5 s, can be observed in Fig. 12a. This
effect is due to the interaction between the closely spaced modes;
the � rst mode has not been isolated effectively. The effect is much
less pronounced for the second mode.

The damping ratios can be still estimated using the semilogarith-
mic plots given in Fig. 13. A linear curve-� ttingprocedurewas used
to obtain the slope. The values of shape parameters were calculated
for the cross sections given in Fig. 12. The estimated frequency,
damping, and shape parametersvalues for two different � ight speed
are shown in Table 2. Here the results are compared with two con-
ventional time-domain system identi� cation methods, namely, the
least-squares complex exponential and smith least-squares algo-
rithms (see Ref. 3). It can be seen that there is a good agreement
between the results obtained using all methods. The shape parame-
ters increase monotonically with the change of damping and, thus,
also give the indication of the decrease in the damping.
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a) b)

Fig. 11 Wavelet transform amplitude for the � ight � utter data.

a) First mode

b) Second mode

Fig. 12 Wavelet transform amplitude cross sections for the � ight � ut-
ter data.

a) First mode

b) Second mode

Fig. 13 Semilogarithmic plots for the wavelet transform amplitude
cross sections.

Table 2 Estimated damping ratios for the � ight � utter data

Damping ratio »

Flight Frequency, Wavelet shape
speed Hz SLS LSCE Wavelets parameter

Low 2.69 0.0140 0.0264 0.0120 0.195
Low 3.25 0.0242 0.0267 0.0242 0.389
High 2.69 0.0081 0.0133 0.0088 0.174
High 2.88 0.0068 0.0073 0.0067 0.166

V. Conclusions
A wavelet method suited for the analysis of � utter data has been

presented. The method uses changes in the shape of the continuous
wavelet transform cross section to allows the user to get a mea-
sure in the overall change of stability. Similar damping estimates
were obtained on simulated and real � utter test data sets compared
to conventional curve-� tting methods. The examples highlight the
ability to use the wavelet transform to highlight modes of interest.
The procedure presented is relatively simple but is seen as com-
plementing rather than replacing existing techniques. Further work
with either real � ight or wind-tunnel data is required to fully eval-
uate the procedure, in particular for the application to time-varying
systems.
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