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Abstract

This paper describes the application of a new multivariable
control system design procedure, linear parameter-varying
(LPV) Hso loop shaping, to design a flight controller for
the pitch dynamics of the Vectored thrust Aircraft Advanced
flight Control (VAAC) Harrier. The particular LPV design
procedure used was devel oped by Papageorgiou and Glover
and is an advancement of the H., design method success-
fully flight tested in 1993 on the VAAC Harrier in that the
control laws are automatically scheduled over the flight enve-
lope. Automatically scheduled control laws are a strong and
very likely candidate for the next generation of flight control
systems (FCS). Theflight test of the LPV controller described
hereisthefirst of itskind in the international aerospace com-
munity and is recognised as a key milestone in the general
development of next generation FCS design methods.

Keywords. Flight control, LPV models, H~, loop shap-
ing, Robust gain scheduling, VAAC Harrier.

1 Introduction

The aim of this paper is to demonstrate that the design pro-
cedure proposed by Papageorgiou and Glover in [13] is suit-
able for designing the flight controllers of the next generation
fighter aircraft. Thisis done by using the proposed design
procedure, that is an advancement of the H ., design method
successfully flight tested in 1993 (see [7]) in that the control
laws are automatically scheduled over the flight envelope, to
design aflight controller for the short period dynamics of the
VAAC Harrier. The performance of the resulting control law
is evaluated using piloted simulations and flight testing.

There are a number of papers that deal with the design of
an automatically gain scheduled controller for an aircraft, e.g.
see [8, 1, 3, 2, 10]. The report on which this paper is based
though (see[12]) isby far the most comprehensive case study
to date. Furthermore, flight testing an automatically gain
scheduled controller isaworld first.

A design procedureis not only judged by the performance
of the controllers that it generates. Whether a design pro-
cedure is suitable or not for designing flight controllers de-
pends on a number of factors. For example, the structure of
the flight controller must have visibility in terms of its func-
tionality. That isthe controller is not a black box, it is made
up of several blocks and that the functionality of each block
isclear, i.e. it iseasy to work out which part of the controller
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doeswhat. Thelevel of visibility isimportant to the engineers
and managers who need to work with the control law at the
later stages of the total design process. It also makes qualifi-
cation and certification of the control law an easier task.

It is noted that Section 5 (the flight evaluation) is identical
to Section 6 of [14], the other conference paper based on[12],
and Section 6 (the post-flight analysis) isamore detailed ver-
sion of [14, Section 7]. The flight evaluation and post-flight
analysis details were included in this paper because it is our
desire that this paper is a summary of [12].

2 Moativation for the LPV approach
2.1 Robust control background

In this section we give a brief commentary on the more com-
plete background material givenin[12, Appendices A and B]
which should be referred to for more precise assertions and
mathematical statements.

Robust control is becoming a mature field in theoretical
developments and emerging applications. One of the effec-
tive design procedures is termed Ho loop shaping [9] and
combines the traditional notions of bandwidth and loop gain
together with modern ideas of robustnessinto asingle frame-
work. Particular advantages of the method are: 1) the ease
with which the controller weighting functions can be tuned
to give an appropriate system bandwidth; and 2) the use of
ageneralised stability margin that supersedes gain and phase
margins (this is a dimensionless quantity where a margin of
greater than 0.3 is considered good and less than 0.2 unsatis-
factory).

The approach has now been used quite widely and a con-
siderable body of experience has been accumulated. Particu-
lar successes have been in Harrier control by Hyde[7] andin
helicopter control [15]. In [7] the plant dynamics varied sig-
nificantly over the flight envelope and the controller needed
to be scheduled with operating point. However the underly-
ing theory is based on a nominal linear model with the con-
troller synthesised to accommodate substantial uncertainty.
This controller scheduling has been reasonably effective but
is not supported by any theoretical guarantees.

A general theory for the robust control of nonlinear sys-
temsis not computationally tractable and useful progressre-
quires an intermediate level of complexity that, for example,
incorporates scheduling requirements whilst remaining com-
putationally tractable. One such recent advance has been
the use of LPV plant models. In this framework the sys
tem dynamics are written as a linear state-space model with



the coefficient matrices functions of external scheduling vari-
ables. Assuming that these scheduling variables remain in
some given range then analytical results can guarantee the
level of closed loop performance and robustness. The com-
putational techniques rely on the solution of a set of linear
matrix inequalities (LMIs) which, although challenging, are
convex problemswith reliable solvers available.

The above “pure” LPV model is not quite matched to the
flight control problem where the scheduling variables are in
fact system states (e.g. airspeed and angle of attack), rather
than bounded external variables. An approach to this prob-
lem is to generate so-called “quasi-LPV” models, which are
applicablewhen the scheduling variables are measured states,
the dynamics are linear in the inputs and other states, and
there exist inputs to regulate the scheduling variables to ar-
bitrary equilibrium values. In this case the resulting “quasi-
LPV” model givesatheoretically exact model of the nominal
system, however in practice numerical tests need to be per-
formed on agridded set of the scheduling variables.

If such a “quasi-LPV” model is obtained, then the LPV
techniques can determine whether there exists a controller,
which will itself bean LPV system, that meets a given closed
loop specification over the stated operating envelope. The
resulting controller is then automatically scheduled with the
scheduling parameters. The analytical results will however
only be gtrictly valid if it can independently be ensured that
the scheduling parameters, and perhaps their rates of change,
stay within the assumed limits.

2.2 Derivingareiable LPV model

The model of the VAAC Harrier available for this study was
the WEM (Wide Envelope Model). The WEM does not
match the assumptions required for the “quasi-LPV” model
generation since: 1) it was embedded in Fortran code which
needed to be decoded to determine the underlying analytic
model (which was very time-consuming); and 2) the model
was not linear in all the inputs and all the states that were not
scheduling variables.

On the basis of the required flight envelope (Table 1) it was
decided to choose the airspeed, V, and angle of attack, «, as
the scheduling variables. The nonlinear model is then ap-
proximated by a“quasi-LPV" model which can be nonlinear
inV and o but must be linear in all the remaining variables.
This is described in detail in [14] and the quality of some
approximations is given in [14, Figs. 2 and 3]. The engine
model was not studied in as much detail as the rigid body
dynamics and was replaced by a set of standard linearisa
tions. As can be appreciated from the description of [14] the
derivation of this model is not straightforward and requires
agood appreciation of the relative importance and parameter
dependence of the terms in the eguations of motion to ob-
tain an accurate model. A list of reasonable assumptions for
this system is given in [14]. The accuracy of the resulting
“quasi-LPV” model can be observed by comparing its tran-
sient response with that for the full WEM simulation model
and some typical responses are given in [14, Figs. 5 and 6]
with generally good agreement.

3 Thecontroller specifications

The Harrier has three distinct flight regimes: jet-borne flight
(lift provided by the engines), wing-borneflight (lift provided

by the wings) and the transition region (lift from both the
wings and engines). The controller must work well over the
following flight envelope (wing-borne flight):

Trueair speed: 80 — 180m/s (155 — 350Kkts)
Angleof attack: —3° — 12°
Height: 500 — 20000ft

Table 1: Theflight envelope

It isdesired that the control law enables the following four
functions: 1) a pitch rate, q, demand system; 2) a pitch atti-
tude, 6, hold; 3) an angle of attack, «, limiter; and 4) good
disturbance rejection. Thus, the Harrier was flown in the
threeinceptor configuration. By threeinceptor it ismeant that
the pilot controls the aircraft (longitudinally) using the stick
(closed loop demand), the throttle and the nozzle angle.

The controller will be designed to meet two specifications
widely used within the aerospace industry: 1) robust stabil-
ity and nominal performance requirements expressed as an
exclusion region in a Nichols plot [11, Figs. 27.7 and 27.9];
and 2) the Gibson criteria[6] which are guidelinesfor achiev-
ing precision tracking and avoiding pilot induced oscillations
(PI1Os). It isdesired that the transfer function from stick force
in pounds to pitch angle in degrees achieves at least level 1
in [11, Fig. 27.12], and that the ratio of dropback (64p) to
steady state pitch rate (gss) in [11, Fig. 27.15] should be

0 < 64p/0ss < 0.25 seconds.

Thelarger the value of 64p/qss, the faster the flight path angle
response to a pitch rate demand.

Thetailplane must not be used excessively. Frequency lim-
iting has been implemented on the Harrier so that its struc-
tural modes are not excited by the tailplane. When the fre-
guency limiter is active, the tailplane position is held fixed
for aminimum of 0.48 seconds. To avoid frequency limiting,
the tailplane demand must not contain high frequency com-
ponents (above 3.125Hz).

To ensure safety, the certification authorities require that
the angle of attack remainswithin certain limits. If these lim-
its are exceeded, then an independent monitor (IM) disen-
gages the experimental control law and the safety pilot takes
charge. Angle of attack is one of many variables monitored
by the IM [4].

AsDERA did not specify desired closed loop time domain
properties, the design strategy followed was to try and obtain
the best possible closed loop performance (i.e. afast and ro-
bust closed loop) subject to: 1) the limitations imposed by
the plant, measurement noise and frequency limiting; and 2)
meeting the Nichols plot exclusion region specifications and
the Gibson criteria (guidelinesfor acceptable closed |oop per-
formance were provided by [7, 5]).

4 Thecontroller architecture

To ensure that the functionality of each block within the con-
troller is clear, the controller architecture is fixed before any
designing takes place. Thisis done by careful examination

1The controller designed by Hyde in [7] was flown in the two inceptor
configuration, i.e. the pilot controls the aircraft using only the stick and a
left-hand inceptor (both closed loop demands).



of the closed loop requirements, past experience and good
knowledge of the performance and accuracy of the available
actuators and sensors. Of course, by restricting the structure
of the controller, the controller will not be optimal (optimal
with respect to the closed loop requirements); there is an
inherent trade-off between visibility and optimality. As the
control law must enable a pitch rate demand, a pitch attitude
hold and an angle of attack limiter (see previous section), the
architectureillustrated in Fig. 1 was chosen.

Opilot

CQdem

Kq
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Figure 1. The controller architecture; §ts denotes the
tailplane deflection

The function of each block within the controller is de-
scribed below:

1. The inner loop controller Kg will be designed so that
the closed loop transfer function from ggem to q does
not change much due to modelling uncertainty. Thus,
the designer has a robust platform on which to build the
control system.

2. The pitch attitude hold will be implemented using the
gain kg and

|Qdem| < 0.1°/s, |q| < 1°/sand
lp| < 6°
6, otherwise

Ohold,
Odem =

Assuming that the 6-hold is disengaged, i.e. Ogem = 6,
then 6ho1g IS the value of 9 at the time instant when the
conditions |qgem| < 0.1°/s, |q] < 1°/sand |¢p| < 6°
become true (note that ¢ denotes the Euler roll angle).

3. Thecommand pre-filter Q isalead-lag filter that will be
designed so that the transfer function from qpjiot to g,
with no « limiting, meets the Gibson criteria.

4. The a-limiter will be implemented using the outer loop
controller K, and

fo o, a < fya
odem = a, foo <a=<fyay
fo oy, o> fuoy

where o) and «y are the lower and upper IM incidence
limits respectively, and f, is a rea number that takes
valuesin (0, 1].

5. Theflap schedule, f (V), hasbeen chosen so that during
an acceleration/deceleration, if 6 is kept fixed, then the
flight path angle does not decrease/increase.

Having fixed the controller architecture, the designer then
chooses the controller’s “gains’ using a suitable design pro-
cedure. Our approach to controller design using LPV meth-
odsisgivenindetail in[12, Appendix B]. Thebasicideaisto:
1) establish loop shaping weights at a set of pointsin the op-
erating envelope and then interpolate these weights over the
whole envelope; and 2) use established LPV computational
techniquesto determine whether a satisfactory controller can
meet the specification set by the weights over the whole en-
velope. Iteration is required between the problem set-up, the
synthesistools and simulation.

In [12, Appendix D] it is described in detail how the de-
sign was achieved for a single-input/single-output controller
of the short period dynamics with the tailplane as input. The
performance of the control law designed has been analysed
with powerful handling quality metrics in [12, Section 5.1]
and is shown to meet the required closed loop specifications
listed in the previous section.

The controller synthesis step is computationally challeng-
ing and with the current state of these computational tools
care needs to be taken in the choice of grid size and basis
functions for parameter-dependent solutions of LMIs. The
optimisation problem that generated the controller that was
flight tested took about 28 hours to solve on a Pentium 11
400MHz (57 grid points and 540 basis function variables).

The implemented controller is itself an LPV system with
the state-space matrices dependent on the scheduling vari-
ables and their rates of change, which will need to be mea-
sured. Details of this together with the choice of sampling
period are givenin [12, Appendix E].

5 Flight evaluation
51 TheVAAC Harrier

The VAAC Harrier, a T.Mk4 (two-seat trainer) illustrated in
Fig. 2, has been specially equipped with a digital fly-by-wire
FCS to form part of arapid prototyping environment for re-
search. The FCS, which includes the flight control comput-
ers, head-up and head-down displays (HUD and HDD) and
an inertial navigation system, hasfull authority control of the
tailplane, ailerons, rudder, flaps, nozzles and engine as well
as the reaction control system which provides attitude and
heading control at low speeds.

When the FCSisengaged, the subject pilot controlstheair-
craft from the rear cockpit and the IM software continuously



Figure 2: A photograph of the VAAC Harrier

checks the flight condition to ensure that the aircraft remains
within it's safe flight envelope. If the IM detects a potential
breach of this envelope, it will cause the FCS to disengage
and control will then revert to the safety pilot in the front
cockpit who then flies the aircraft using the standard T.Mk4
mechanical flight controls. This combination of mechanical
reversion mode, assisted by the IM, allowsflight control soft-
ware to be flown without the need for a rigorous clearance
process. In principle, software turnarounds can be compl eted
in hours.

5.2 Preparationsfor flight

Use of the simulation facilities based at DERAZ Bedford
helped to ensure the limited flight time of one hour was used
efficiently. Initially, the controller was exercisedin the VAAC
flight lab, a hardware-in-the-loop facility designed to allow
functional checks. It incorporates actual FCS hardware ele-
ments, such as the VAAC Harrier’s flight control computers
and displays, and permits real-time operation of control soft-
ware with the aircraft aerodynamics, engine and actuators be-
ing represented by mathematical models. Testing in the flight
lab provided confidencethat the controller software was com-
patible with the VAAC Harrier’s operating environment and
that the FCS could be engaged successfully.

A preliminary evaluation of the handling qualities of the
controller was conducted using the fixed-base Real-Time Al
Vehicle Simulator (RTAV'S). This provided val uabl e feedback
and enabled some gross tuning of controller performance
prior to flight test. However, due to known areas of un-
certainty in the mathematical model of the VAAC Harrier,
and dightly different inceptor characteristics, no attempt was
made to fine tune handling qualities. Instead the simulator
exercise was used to identify parametersin the controller that
affected handling qualities and these wereimplemented in the
software as “variable gains’ for in-flight tuning. Examples of
variable gains included stick gearing and time constants for
stick pre-filters and sensor noisefilters.

Portability of software between the flight lab, RTAVS and
the VAAC Harrier was achieved with minimal effort due to
the use of automatic code generation. This permits the con-
troller, implemented in Simulink block diagram form, to be
ported without any modification from a desktop PC (used for
initial design and analysis), through to simulation facilities
(flight lab and RTAV'S), and onto the VAAC Harrier for flight

2DERA isthe UK Defence Evaluation and Research Agency.

test. A consistent data-logging interface is also provided, al-
lowing time histories of selected controller variables to be
recorded directly in Matlab-readablefilesfor post-flight anal -
ysis.

5.3 Flight test

The preparations described above provided sufficient confi-
dence in the controller and so no ground testing was con-
ducted prior to flight. During the flight, on-board teleme-
try alowed trials personnel to monitor progressin rea-time.
Video cameras in the aircraft transmitted images of the rear
cockpit outside world (viewed through the HUD) and rear
cockpit.

The flight itself was divided into a number of specific test
points, beginning with a familiarisation/tuning phase. This
wasto alow thetest pilot to familiarise himself with the con-
troller characteristics over the specified speed range and to
address any major deficiencies, via the in-flight “gain” tun-
ing feature, prior to the evaluation phase. The first test point
comprised a series of pitch attitude capture tasks, with spec-
ified task performance criteria, conducted at a range of air-
speeds (150, 200 and 250 knots). During this test point, the
incidence limiting and pitch attitude hold functions were de-
selected. Next, the performance of the pitch attitude hold
was evaluated by making throttle and nozzle angle changes
to induce pitch disturbances. To assess the incidence limit-
ing function, the pitch attitude hold was engaged before the
pilot throttled back. Thisresulted in increasing incidence, as
airspeed reduced, until the incidence limit was encountered,
at which time the limiting function lowered the nose of the
aircraft to maintain incidence. Finally, the robustness of the
controller was investigated by performing a deceleration to
the hover, well below the minimum design speed (80 m/s) of
the controller.

6 Post-flight analysis

The post-flight analysis was done by processing the test flight
data and video, and the pilot report.

Thetest flight took placein good weather conditions (tem-
perature: 20°C, wind: 10 kts) and the control law engaged
without difficulty.

Shortly after the control law was engaged for the first time,
the test pilot reported that the coaming lamp of the pitch fre-
quency limiter was on for about 50% of the time. The result
of the frequency limiting was a 4=2° error in pitch attitude.
Frequency limiting was not expected, and could not be ex-
plained at the time because: 1) the pilot was not in the loop;
2) there was very little turbulence; and 3) the level of mea-
surement noise encountered on the VAAC was expected to
be less than that encountered in the flight 1ab.® In an attempt
to stop the frequency limiting, the time constant of the pitch
rate low-pass filter was increased from 0.05s to 0.1s. The
frequency limiting then stopped?, but there was greater sus-
ceptibility to PIOs as the low-pass filter adds about 27° of
phase-lag at the loop gain cross-over frequency. Just before
the pilot performed a pitch attitude capture at 200 knots (see
Fig. 3) hesaid: “...thereisatendency, when you'rein theloop

31t turned out that the frequency limiting was triggered by a high level
of measurement noise; the signal conditioning unit that filters the pitch rate
measurement had failed.

4Frequenq/ limiting was not encountered again until the end of the test
flight.



and if you bring your gains up to try and chase an accurate
attitude, to get into asmall PIO, very small, but it's quite easy
to ease off and stop that.” After the maneuver he said: “...one
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Figure 3: A +5° pitch attitude capture at hjnit = 5400ft,
nozzle = 36° and thtdem = 55%; hjpit is the height at the
beginning of the maneuver and thtdem is the thrust demand

overshoot and a couple of bobbles because I'm in the loop;
I’m now out of loop and it's holding quite well.” According
to the pilot, the PIO pitch bobblingisat 2 to 3Hz with a0.25°
amplitude.

The handling of the aircraft improved when the stick sen-
sitivity was reduced by 25%, i.e. full-scale deflection of the
stick demands +7.5°/sinstead of +10°/s.% Pitch attitude cap-
tures with the new stick scaling are shown in Fig. 4. After
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Figure 4: A +5° pitch attitude capture followed by a —5°
pitch attitude capture at hijnit = 3000ft, nozzle = 51° and
thtdem = 63%

the maneuver the pilot said: “...bobbles but capturing within

5The stick filter provides linear variation with stick position and a dead-
zone.

a degree, possibly just outside of a degree, and holds for 5
seconds.” The fact that handling is better is reflected in the
Cooper-Harper ratings, the maneuver in Fig. 3 scored a 5
whereas the maneuver in Fig. 4 scored a 4.5

The closed loop simulation model was validated (strictly
speaking not invalidated) by driving it with the pilot’s pitch
rate demand (qden®) from Fig. 4 and comparing the result-
ing time histories (see Fig. 5) with the onesillustrated in Fig.
4. It iseasy to see, by comparing Figs. 4 and 5, that the pitch
attitude responses match up quite nicely. The reason for the
flight path angle ballooning and the large speed drop in Fig. 4
(atotal of about 50 knots as opposed to only 10 knots), is that
the flap deploys during the maneuver. As the flap deploys,
the aerodynamic lift and drag increase.
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Figure 5: Time histories that result from driving the closed
loop simulation model with the pilot’s pitch rate demand
(qden®) fromFig. 4

The performance of the 6-hold in the presence of nozzle
and throttle changesis shown in Fig. 6. After the maneuver
the pilot said: “..., so for about 1.5 to 2 seconds the pitch
(9) was in the wrong place but it readjusted and it reacquired
nicely.”

The a-limiter did not perform as desired until f, was re-
duced to 78.12% of its nominal value.” After performing the
maneuver illustrated in Fig. 7 the pilot said: “...it seemsto be
working (the «-limiter) and doing its job now. It's hunting
(oscillatory behaviour, cycling) the aeroplane to keep the o
within limits” Note that the a-limiter engages because the
pilot reduces the throttle and the control law maintains 6 ap-
proximately constant.

To demonstrate the robustness of the control law in flight,
the test pilot was asked to fly the Harrier down to hover (the
controller was designed only for wing-borne flight, see Ta-
ble 1). Unfortunately, the test pilot did not manage to hover
the Harrier with the control law engaged; the control law was

6The pilot commented that the handling of the aircraft was easier in the
later stages of the test flight as he became more familiar with the behaviour
of the control law.

Mt is probable that the «-limiter did not perform as expected because
it uses inertial o whereas the IM uses the « measurement from the vane
(inertial « is effectively afiltered version of the vane measurement).
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Figure 6: Pitch attitude deviations due to thtdem and nozzle
changes at hjpit = 5000ft and flap = 40°

disengaged by the safety pilot at a height of 150ft and an
indicated airspeed of 35kts (approximately 18m/s) because
of large pitch attitude oscillations caused by frequency lim-
iting. It is believed that the frequency limiting was triggered
by the «-limiter (see[12, Fig. 5.7]). If the a-limiter had been
switched off, pre-flight analysis suggests that the pilot should
have been able to hover the aircraft. Nevertheless, the control
law exhibited very good robustness propertiesas the pilot was
ableto fly down to 18m/swithout a significant increasein his
workload.

In conclusion, it was a successful test flight with re-
spect to engaging the control law, exercising the control law
within and well-beyond the design flight envel ope limits, and
achieving good pilot handling quality ratings. In terms of
these points, it was one of the most successful first test flights
performed by DERA to date. To summarise:

1. The control law achieved level two flying qualities over
the whole flight envelope. The pitch attitude captures
with the modified stick scaling (see Fig. 4) scored a4 on
the Cooper-Harper Rating scale, i.e. minor but annoying
deficiencies and desired performance requires moderate
pilot compensation.

2. Level two flying qualities were achieved even though
during most of the flight the nozzles were not fully aft
(the controller was designed with the nozzles fully aft),
the flaps are soft (in Fig. 3 the flap demand is 50° but
the actual angleisless) and the pitch rate low-pass filter
introduces a large phase lag at the loop gain cross-over
frequency (no post-compensator was used for the con-
troller design). Furthermore, the pilot was ableto fly the
Harrier near hover.

3. Thefact that the test flight went well, and was expected
to go well, is because the mathematical model of the
VAAC Harrier is sufficiently accurate to enable accurate
predictions about the closed loop behaviour (see for ex-
ample Figs. 4 and 5 which show responses of the real
aircraft and the mathematical model for identical pilot
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Figure 7: The «-limiter is engaged by reducing thtdem to
37% at hinit = 5300ft and nozzle = 8°

inputs), the controller architecture has no major short-
comingsand the controller comeswith “ sensible” closed
loop guarantees. A guaranteeis “sensible’ if it reflects
reality; guaranteeing robust stability with respect to un-
certainty with a structure that does not reflect reality
is not “sensible’. If the guarantees with which a con-
troller comes are “sensible”, then the chances that the
controller will work on the real plant are much greater.

4. The pilot thought that pitch PIO susceptibility was evi-
dent. Thisisamost certainly due to the phase lag intro-
duced by the pitch rate low-passfilter. The susceptibility
to PIOs might have been less evident had the signal con-
ditioning unit not failed; thisis suggested by the RTAVS
trialsand desktop simulation. When the test doneto pro-
duceFig. 5 wasrepeated with the original pitch ratelow-
pass filter, the bobbles decreased as seen in Fig. 8.

5. Stick scaling issues must be investigated as stick scal-
ing can significantly improve handling. For this case
study the designers had to guess the stiffness of the stick
to be able to apply Gibson's criteria for avoiding PlOs.
M otion-based simulation would also have been of value
for setting up the control law and for pilot rehearsals.

6. The ability to ater control law parameters in flight
proved useful.

7 Conclusions

In this paper, a SISO robust gain scheduled controller has
been designed for the short period dynamics of the VAAC
Harrier using the design procedure proposed by Papageor-
giou and Glover [13]. The performance of the control law
has been evaluated using piloted simulations and flight test-
ing.

The proposed design procedure has the following attrac-
tive features: 1) it is systematic and it can handle MIMO
plants with uncertain nonlinear and/or parameter-dependent
dynamics; 2) a detailed description of the plant uncertainty
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is not required; 3) it is relatively straightforward to trans-
late the controller specifications into the design parameters,
i.e. into weighting functions; and 4) the resulting controllers
come with “sensible” closed loop guarantees.

The first (and only) test flight of the designed controller
was one of the most successful first test flights performed by
DERA to date in that: 1) the control law engaged without
difficulty; 2) the control law was exercised within and well-
beyond the design flight envel opelimits; and 3) level two type
responses were achieved throughout the flight envel ope even
though the signal conditioning unit failed, the stick filter was
not tuned properly and the «-limiter used inertial « instead of
the @ measurement from the vane.

Furthermore, the control law designed for the VAAC Har-
rier hasvisibility in terms of its functionality, its performance
can be analysed with powerful handling quality metrics and
is shown to meet the required closed loop specifications, and
it was straightforward to build anti-windup logicintoit. Also,
it isimportant to note that the metrics that were used are not
specific to H/LPV controllers.

A more complex design problem than the one tackled in
this report, i.e. more channels and a larger flight envelope,
might be difficult to solve due to computing power restric-
tions.

In conclusion, the design procedure proposed by Papageor-
giou and Glover should be considered as a strong candidate
for designing the next generation flight controllers.
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