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Abstract Operational surveillance and reconnaissance regaimes not only put
requirements on the mission systems, but also taféggirements on the reliable
and autonomous operation of a UAV platform. To émdbe safe and care free
operation of UAVs in complex mission scenarios @has has invested in the
development of necessary technologies for relialple autonomous Auto Flight
systems for UAVs. Furthermore, due to decreasinipgbts the design and devel-
opment phases of such systems need to be cheapéaster, even though func-
tional complexity is constantly increasing. Thippadetails the Cassidian experi-
ence with the Auto Flight system on the Barracwtdmnology demonstrator. The
guidance and control functional architecture andtrad law design are detailed
regarding the newly developed Auto Flight systemiciWwhsuccessfully flew in
multiple flight tests in 2012 on the Barracuda UA¥monstrator.
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Design drivers and philosophy

Typical mission scenarios for UAVs include prolodggperation in a mission area
during which new information (either from the aaftts own payload sensors or
external assets) can cause a re-tasking of thersyisy the operator. To ensure the
operator has good situational awareness on theabperof the UAV platform, it
is mandatory not to overload the operator with wessary tasks and information.

The Cassidian approach is to provide a high lefedutonomy of the Auto
Flight system. The stored flight plan is flown auttically using on-board trajec-
tory generation and care free flight control wikle tpossibility (not necessity) of
only high level interaction with the system, usstggcalled High Level Commands
(i.e. no remote control using a conventional pétick). All failure detection, iso-
lation and reconfiguration logic is designed suleat tthe system has a graceful
degradation in case of failures.

As the aircraft must always be able to navigat&klia@a safe landing, even in
case of a data link failure, it is necessary todcmh certain safety critical func-
tions such as navigation, guidance and control @ard the platform. Therefore,
all necessary sensing, flight plan handling, tr@jgcgeneration and flight control
functions are integrated into a high integrity campg architecture. A clear seg-
regation of mission relevant functions and safeiifeal functions is ensured,
such that any possible errors in the mission afitioftware do not adversely af-
fect the safety critical functions. Furthermorecs the development cycles of the
mission and safety critical software are not nemdlgssynchronous and done by
different teams, interdependencies are kept toranmim to avoid development
and test planning problems.

Conventional autopilot systems usually navigatéhtoactive waypoint using a
moding of multiple control laws, depending on tleeraft's position and orienta-
tion. The flown trajectory is therefore only imptlg determined in the design.
However, on Barracuda an explicit trajectory toveatide active waypoint is gen-
erated on board of the UAV for the following reason

e To ensure optimal Operator situational awarenesslibplaying the planned
trajectory towards the active waypoint on the gebaantrol station. It is essen-
tial that this trajectory is identical to the adttrajectory flown by the UAV.

* To enable both conventional and complex missionpmay types which can
be assessed by both the operator and the missitensy

These design drivers have resulted in a new desigine Barracuda Auto
Flight system. The following sections detail thiss@jn and the experiences at
Cassidian during concept development, implementasiod testing of the new
system.

Reference [1] has been used for the definitionlidfight mechanic nomencla-
ture and conventions throughout this paper.
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Auto Flight Functional Architecture

To enable the fast integration of an increasing lmemof functional requirements
on the system and to keep development time andl@asta modular functional
architecture is used. The architecture is simitarmanned aviation Auto Flight
systems, with the exception that almost all fundidies are safety critical (i.e.
the functionalities must work at all times) and #nerefore integrated into the
high integrity flight control computers.

The Auto Flight System consists of a Flight ManagamFlight Guidance and
Autopilot / Control Law system as depicted in Fig.The Flight Management
System (FMS) is responsible for the moding of prim@hases of Flight and all
flight plan and waypoint handling.

. T
WPprev
WPactive Ahrs’ yTs,VTS
Flight WP By B i
Management " Flight Guidance Yoo X Agt(;)rﬁ)tlrlgitfol(;mse '
System PoF,im — P
PoF..
WP reached
< . -

Fig. 1. Auto Flight Functional Architecture

The FMS Phase of Flight moding constitutes of tl@mphases of flight such
as Taxi, Take-off, Climb, En-route and Landing. Séaéprimary' Phases of Flight
are provided by the FMS to the Flight Guidance Wwhiespectively determines the
internal secondary Phase of Flight detailing tigHtlGuidance modes (e.qg. flare,
de-crab, de-rotation, ...).

Furthermore, the FMS interfaces with the Flight dawice by providing three
waypoints: Previous, Active and Next waypoint. THeght Guidance can then
generate an explicit trajectory towards the Activeypoint, taking into account
the location and altitude of the Next waypoint.the Active waypoint is reached,
the Flight Guidance reports this to the FMS, whiglits turn provides the new
triplet of waypoints.

The Flight Guidance interfaces with the Autopilgt &tating the aircraft's de-
viation from the commanded trajectory as shownign £ The Autopilot contains
all control laws necessary for the ground and flipfmases. The lateral and vertical
trajectory and speed profile is commanded to theopilot with a certain time ad-
vance such that the Autopilot can follow this tcagey as closely as possible.
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Fig. 2. Definition of trajectory commands from theFlight Guidance to the Autopilot

Flight Guidance algorithms

The explicit trajectory generation uses line and @majectory segments to con-
struct the lateral trajectory. The segments (aedefiore the trajectory) are defined
in the earth fixed reference frame. The verticajeirtory and speed profile is then
determined along the lateral trajectory. The trajgcgeneration (i.e. set of line
and circle segments) is determined for a certairos@revious, Active and Next
waypoints. Once the trajectory is fixed, the curréeviation towards this trajec-
tory is used to generate the commands for the Alatop

The Flight Guidance trajectory and command ger@ras divided into the fol-
lowing four sub-functions:

« Setup: Sets up all information as required forttagectory planning algorithms
based on the Previous, Active and Next waypoints@mrent aircraft position
and orientation.

« Planner: Generates the lateral, vertical and spregectory to the active way-
point depending on the waypoint types. The resul llist of trajectory seg-
ments (curves and straight lines).

e Scheduler: Determines the current lateral, vertacal speed segment depend-
ing on the current state of the aircraft.

« Commander: Calculates the lateral, vertical andédm®mmands for the auto-
pilot using the deviation towards the projecteditpms along the current seg-
ment as defined by the Scheduler.
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Fig. 3 shows the trajectory planning as part of the di/€teght Guidance func-
tionality. The following chapter shows some exarapté the lateral trajectory

planner.
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Commander
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Previous Waypoint s | Vertical Planner [ Vertical Curve

l Speed Curve R

Active Waypoit___,| [ Speed Planner |

Next Waypoint

A 4
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Fig. 3. Flight Guidance trajectory planning

Examples of Lateral Trajectory Planning

The starting point of the lateral trajectory (iGurve Start Point) is normally the
last commanded position of the Flight Guidance e Autopilot to ensure a
smooth transition between waypoints, unless thesotigircraft position is too far
away from this last commanded position (e.g. dueit@lisation, wind, etc.).

Depending on the turn type of the active waypdim, lateral Planner decides
which mode of the lateral Planner is to be usedeteerate the lateral curve. The
turn radius depends on the preferred value and ¢fgbe active waypoint, al-
though it is limited to the flight performance betUAV.

Since the Curve Start Point generally does nobtlighe leg as defined by the
Previous and Active waypoint, it is necessary tostact a so-called ‘Transition-
to-Leg' segment sequence. This is constructed Egidg arc-line-arc segments
where the line segment has a certain maximum igperangle (for instance 45°),
depending on the cross track distance and orienta&tiwards the leg.
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For a conventional 'Fly By' waypoint the TransitimALeg is then followed by
a line and an arc segment, such that the trajectily into the Fly-By turn to-
wards the Next waypoint as illustrated in Fig.

WP Previous # i ————— + WP Active

+ WP MNext

Fig. 4. Example of a 'Fly-By' lateral trajectory

If the Active waypoint is of the type 'Circle Cernitehe lateral trajectory is
constructed using a so-called 'Transition-to-Cirslgment sequence, similar to
the 'Transition-to-Leg' sequence, followed by an @mwound the Active waypoint
with a certain radius and waypoint segment anglepasified in the waypoint at-
tributes. Fig5 shows an example of how the lateral trajectomoisstructed from
the Curve Start Point towards and around the dpdcictive waypoint.

Trajectories for all waypoint types are construdtethe Planner using similar
algorithms and always result in a certain segmequence list. This list is then
transferred to the Scheduler and Commander, whieh generate the correspond-
ing commands for the Autopilot control loops.

WP Previous ®

csp -

Fig. 5. Example of 'Circle-Center' mission waypoint

653

ThAT2.1



Autopilot and Inner Control Loops

The Autopilot has to function throughout the fligtrivelope for all required fail-

ure and environmental conditions. A conventiongbrapch with elaborate gain
tuning would have taken too long and therefore & approach was used for the
Barracuda 2012 flight campaign which had been reked in the previous years
and partly published in [2] and more elaborately3h Since the flight campaign

several improvement potentials have been idenfitied the basic principles will

remain unchanged and have proven their strengththel following sections, the

basic principles of this new approach are presemtedetailed elaboration of the
control concept however is out of scope of thisgrap

The design comprises of inner loops (Primary Cdrtawvs) as well as the de-
sign of outer loops (Autopilot) for lateral and &itudinal control of the aircraft.
The design method uses a straightforward approdmthwequired no additional
tuning of the gains by hand. The flight tests esato this first version of the con-
trol laws were conducted in the summer of 2012 simolwed a very successful
performance of the control laws.

The principal characteristics of the presented &arda control law design
concept together with the corresponding methodd ase depicted in Fig and
are subsequently elaborated in the following sestidhis is then followed by an
explanation of the usage of the concept for thgitadinal and lateral control of
the aircraft. Finally, an example of the impleméiota of the pitch rate control
loop is presented.

in in
time domain frequency domain

cascade control a new concept: model based
cascade control compensation
and
model based compensation

using | using | using estimators | using

requirements | requirements |

using
no integrator
functions

auto-selector dynamic shells for differentiated gain assignment
controls state variables

additional properties and features |

Fig. 6. Principal characteristics for the Barracuda Control Law design concept

Using cascade control:
Cascade control is a well-proven classical methbéchvis the preferred control
method for Autopilot and Auto Throttle (ATHR) desi¢control laws for aircraft).
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The applications for cascade control are mainlyricged to systems with one in-
put and multiple outputs. Furthermore, cascaderoabaeems only to be applica-
ble for plants with relatively long time constaotswith integrator-like behaviour
such as translatory aircraft modes (e.g. automitoATHR control law design).
The presented concept however demonstrates theadm<control can also be
used for multi-input, multi-output systems as weedl for plants with shotime
constants. The combination of two methods - ‘caseaohtrol' and 'model based
compensation' - allows the usage of cascade canttbé field of Primary Control
Laws as well. Cascade control corresponds in mapgdas to the mindset of the
control engineer and gives a good understandingoef the control technique
works. Mathematical considerations are standinth@énbackground of this paper
and are given only when necessary to understanehepplication of control.
The basic structure of cascade control is defimeBig. 7 for the special case
that the plant consists of a chain of n integratdfe transfer function for every
control step can be described approximately for fosquencies by following

transfer function.
_X(9) K
X (S) S+Ki’| pa

H,(s)

Time response and stability margin for control loafepend essentially on the
following ratio.
Ki
G =
K

1i=12...n

An increase of; is correlated to an increase of the stability riratgetween
loopi and loopi-1 and to an increase of the damping of control loap well to a
deceleration of control. A decreasecpfs correlated to a decrease of the stability
margin between loopand loopi-1 and to an increase of the damping of control
loopi as well to an acceleration of control. The quest®what will be a good
compromise related to an adjustment dorSubsequently, by a recursive dimen-
sioning of all overall gains it can be shown ttra step responses of the lodp®
n are converging to a certain type of step respaviieh becomes slower from
one loop to the next loop by the factot In many cases the control engineer
wants a small overshoot or one that tends to zethé step response. It can be
shown in simulation that the limit case for overstsofor N — oo converges to
aboute = 2.72 A mathematical proof that this convergestoas not been estab-
lished, but would be an interesting issue of redeafhe Barracuda cascade was
defined exactly by the facter

The consideration related to the rules of cascadihey are described in this
paper are excluding zeros in the transfer functi@esos can only be accepted re-
lated to considerations which are using certairr@gmations. The general case
for a plant with one input and several outputs aadzeros related to the transfer
functions H(s) defines additional feedback loops from onegrator output in the
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chain to the input of one integrator which is pthée one inner loop. The princi-

pal idea of model based compensation is to compemisa influence of these ad-
ditional feedback loops in a good approximatioroider to reach comparable re-
sults in the time domain. The influence of the cengation effect in frequency

domain is reduced essentially if one uses modekstaié variables with reduced
frequency content instead of real state varialdfes. that purpose model based
compensation has to be defined.

Ko

Ko actuator

i stability check n stability check n-1 stability check 1

= e e e — = e
: integrator n integrator n-1 integrator 1
Plant
recommended dimensioning of the gains: K; = Kyle

(time responses with no overshoots for n+») K,=K/e e=2.72

K, = Kyile

Fig. 7. The ideal case for cascade control

Using model based compensation:
In order to reach comparable control results fptaat with and without additional
internal feedbacks, it is necessary to compensat@@desirable additional internal
feedback loops of the plant.

The differential equation fox_ is defined in general by the following equation,

where a represents the desired dependency on the nextloom

n(n-1) [ X(n—l)

Xo =8y [X +ot @y (X 85, [X, ..

Zeros are defined in general by the coefficienisa,,..., an-z Therefore it is
assumed that these coefficients are zero or veayl.sm

As the dynamics of the aircraft are well understaad high fidelity models of
the 'plant' (e.g. aerodynamics, engine, intake siasgrtias, etc.) are available, it
is possible to compensate widely for all undesgatdupling terms. Once all un-
desirable coupling terms are removed, the estimatfox, reduces to a simple in-

tegrator equation which is only dependent on thtéestariable of the next inner
loop.
Xo = Qynony Kin)
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It is therefore the task of 'model based compémsatio compensate for low
frequency exactly and for high frequency approxahathe undesirable influence
of all coupling terms in such a way that the estiomeof X, is a simple integrator

of the next inner loop.

Instead of using the (measured) state variablescttijr for the compensation
task, the state variables are derived using mddets their corresponding com-
mand values or alternatively only low pass filtestate variables are used for cas-
cade control. The advantage is that the estimaged gariables have reduced fre-
quency content in comparison to their real (meafuwralues.

Using estimators for differentiated state variables

The compensation task requires differentiated stat@bles. If using differenti-
ated state variables, it is advisable to use estsnaf them with reduced fre-
quency content and not simply differentiated stetgables. The construction of
suitable estimators for all state variables of manis the central problem and is
the heart of the new concept. The dynamics (definedains) of these estimators
are correlated directly to the overall gains ofresponding control loops.

Using no integrator functions:

The target to be reached for every control stepiwitascade control is a steady
state control error which tends to zero. As faoas prefers designing for an inte-
grator (PI algorithm) at every control step, ons hastabilise one integrator for
every control step. This is not desirable as ewaslgitional integrator costs addi-
tional energy for stabilising which slows down tt@ntrol dynamics. This disad-
vantage for PI algorithms disappears if one reldbe Pl algorithm by a special
PD algorithm. This however causes another probletheoneed for differentiated
state variables as described in the previous sectio

Using gain assignment:

The special case of a plant which can be descabexichain of several integrators
(as shown in Fig7) gives a good indication of how the overall gaifighe cas-
cade control loops can be chosen in general. N@sleds it is possible to imple-
ment other rules for the selection of the overalhg. A recursive definition of the
overall gains in one control loop is a method whigh work in many cases but
not in all. It is assumed that many 'normal’ casesbe defined by using this rule.
Barracuda is one of these 'normal 'cases (stateafi). Pathologic cases, such as
unstable aircraft, may require another rule. Nénedeiss it can be stated that a re-
cursive definition of all overall gains allows vefigst definitions of good solutions
for stable aircraft. Only plants with relativelysfatime constants or unstable be-
haviour can be a problem for the selection philbsop

Using dynamic shells:

The definition of dynamic shells is describing thenamic behaviour of different
control loops. In general one integrator of thenpia located in one single shell as
far as only one axis of the aircraft has to be dieed. In case that more than one
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axis of the aircraft shall be considered it is fladssto define comparable shells for
all axes. In such a case one defines a harmonisafithe dynamics of all axes
which is an essential design aspect for many rea@ag. in order to coordinate a
turn manoeuvre). Examples of how multiple axeshef plant are modelled using
equivalent dynamic shells are given in Fégand Fig.9, where the principle de-

pendencies of the state variables are represented.

Using auto-selector control:

There are many physical values of the aircraft Wiiave to be kept within a cer-
tain safe range and which are not embedded in lactudrol. As far as one of
these values is near its limit the control of a pamble control loop variable has
to be interrupted in order to hold the critical walwithin its limit by controlling
this value as a replacement of the normal contaolable. Such a feature can be
realised by a so-called auto-selector control. Asgtlector control works only for
variables within one dynamic shell.

Definition of Longitudinal and Lateral Plant

Before any further control laws are designed, te parts of the plant (longitudi-
nal part, lateral part) have to be defined fromoapof view which allows design
of the corresponding control laws for cascade obnirhe models as shown in
Fig. 8 and Fig.9 are structured in so-called corresponding dynashiglls. The
‘feed forward like' influence of the control suadeflections and angle of attack
across the dynamic shells is ignored for cascadéaodesign purposes and are
therefore displayed using dotted lines. It subsetiyeneeds to be shown that
these effects are negligible during linear stabitiecks of the controller.

Stability checks are defined at the input of eviatggrator which represents a
certain state variable. The stability checks alated to the frequency response of
external disturbances to the plant integrator biehavin each shell as shown in
Fig. 7. The cuts are defined at central places (bottls)ewhere signals are flow-
ing from inner dynamic shells to one outer shelislalso possible to define the
cuts within the control laws after every cascadement (one control loop) as this
mirrors the plant integrator behaviour at eachlshel

The cuts defined at the inputs of the integratepesenting the state variables
for p,q,r,a,,B, define the necessary checks for Primary Contreld.aThe cuts

defined at the inputs of the integrators represgntihe state variables for
U V.,V Xa,hy define the necessary checks for the Autopilot fiencand auto

throttle.
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Fig. 8. Model of the dependencies of the state valiles in the longitudinal part of the
plant
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Fig. 9. Model of the dependencies of the state valiles in the lateral part of the plant

Autopilot and Inner Loop Control Law Structure

Unlike conventional Autopilots only a single Auttigimode is necessary in Bar-
racuda for all waypoint types as the Flight Guidagenerates an explicit trajec-
tory and commands the deviation to the AutopildtisTreduces the complexity of
the required moding logic in the Autopilot and hetmore only one Autopilot
control law design is necessary for all flight pisas

The outer loops are shown in Fim for the Autopilot and ATHR which con-
trol the states as commanded by the Flight Guidahikee couplings between lon-
gitudinal and lateral dynamics described by thecfiom block 'transformation of
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load factor incrementan,, and An,to commands ofy, and 4, ' disappear for the

symmetric casg = 4, =0. Only during turn manoeuvreg/ # 0) the modelled

couplings are non-zero. The commands of the Fi@hilance for the Autopilot
control laws need to be calculateg Seconds (time constant of the 3rd dynamic
shell) in advancas shown in Figlo in order to compensate for the time delays of
the inner loop steering designed fBLA y,, X, -

As the designed time advancing only needs to heeafdr the inner loops de-
fined byPLA ), x,. (dynamic shell 3) some additional low pass fititime con-

stant &) have to be embedded in the outer loops in ome&ompensate the gen-
eral time advancing of the corresponding steeriognroands (Index s) coming
from the Flight Guidance. The time constant of éingine (E) is in general less
than T;. The additional lead/lag filter slows down the dgmics of the engine to a
time constant Jin order to justify a placement of the engine imamyic shell 3.

dynamic shell 4 dynamic shell 3
=1 =1
477,
Venss (t+T3)
PLAY 1+Tg-s | PHA engine
—> >

Veass (tT5) Ky Veas-Control T+T,-s Tz

—= 5 —
g s+K;
© Yis (4T5)
2 A

n
B | h Ty K. h-Control Yo, | yecontrol —2 transformation of f—» a
O | U1 3 — load factor
e s+Kg increments
(=2 An,, and An,, to
o Xis (#T5) colfgmands é?
(T Xke Any,
X (t+T,) X-control a, and p, —> Hye
— Ky — y-Control
Ys (t+T5) s+K, >

Fig. 10. Principal structure of outer control law loops (Flight Path Steering Mode)

The principle structure of the control laws for timmer loop are depicted in
Fig. 11.

dynamic s?ell 2

dynamic sr11ell 1 dynamic s?ell 0]

K, = K, ==
) 17T, 07 T,
i o P 4 g
= Ha-control = trar ion of < p-control transformation of > actuator add time delay
the increments the increments
Dy, and B, to Ap and Ar to
n AB‘ commands of r A commands of
a c B
n,-control [~ > pandr —* rcontrol [— > &andn —* actuator > add time delay
G 9 > .
—* a,-control g-control actuator add time delay

Fig. 11. Principal structure of the inner control law loops (dynamic shells 1 and 2)
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Example of a control element within the control casade

To illustrate the presented concept, an exampgeawhtrol law element within the

control cascade is shown in Firp for two concrete and one general case. This

structure is very simple, but the complexity of tohis hidden within the estima-
tors as these have to mirror the dynamics of tae stariable in the plant.

o] aX 4
ac _/— ac

a G + +
K, | : _/— - 1 e
- +
ax a
ac a
: estimator
q—-> for a, q
qa
. .
d. K, d. O + 1 + n.
- ad;o +
N
. ;
q¢ a
-~ .
estimator
n__—-, for q n
q
X x*
Ko _/_ = L X1
- ar|(n-1) +
n
Xl’l
estimator
for X, Xn1

Fig. 12. General structure of one control law elem# and two examples for g andaa
control

Example of an estimator for differentiated state vaables

As already mentioned, the definition of the estonsifor differentiated state vari-
ables is an essential part of the control conceépe differential equation for a
state variable is defined in general by the follogvequation

Xy =eent a'n(n—2) D((n—2) + an(n—l) D((n—l) + A D(n + an(n+1) D((n+l) to

n

The dependency related xgis derived from its commang,. using a corre-
sponding model (model based compensation) whialepsesented by a simple,
first order, low pass filter. The dependency ralat®x.1) is represented for low
frequencies by the real state variakjg,) and for high frequencies by the state
variablex,. Further dependencies of state variables in upipelis(n+2,...) do not
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need to be respected since these dependenciebemdyacovered sufficiently by
the auxiliary loop forX, . Dependencies of state variables related to sh2ind

lower have to be represented by corresponding lass filtered real state vari-
ables. The dependency related to state varigblés a dependency without any
additional filtering since this state variableiisally cancelled out at the output of
the control law element (see Fitp). Fig. 13 demonstrates that all dependencies
which have to be compensated are using signalshwdrie low pass filtered by a
first order filter function.

estimator for
X0 = e F By Koo + By T Xy T 8o Ko ¥ Bagoen) Xy
used for model based compensation
integrator bypass n
* * K./K + Xn
X, ' Nn-1) -
Xn2)
o |
« < | a | B, L
(1) | "D cancelled out S
in controller _
K(n+1)| +O
comparison between T
computed and real X
X, S I p =

Fig. 13. Common definition for an estimator computig the differentiated value of one
state variable to be placed within shelh.

The modelled dependency related tadwes not use any direct information of
Xn. It is derived completely from its commang*x All signals which are used for
compensating the described dependencies have 'ihége advanced' in order to
compensate for the time delay of the next innetrobioop. The necessary '‘phase
advance' is realised by a filter function which agges the integrator.

The computed result foiX, has to be compared with the real differentiated
value ofx, . Differences between both values have to be caueby a corre-

sponding feedback loop with dynamics one order statlvan the given dynamic
shell (gain Kq.1y as shown in Fig13). The time constant,.s of this auxiliary
loop is greater than the time constapbf the main control (control of) by the
factore.

Fig. 14 shows an example of the estimation ¢pfaccording to the above de-

scribed methodology.
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. estimator for pitch acceleration for model based compensation -

N
N <. R +l;’m_. K |2 K/Ko | _L
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Fig. 14. An example of the implementation of the &mator for (

Gain adaptation

Every dynamic shell is defined by a certain timestant T and a certain overall
gain K = 1/T; as described in the sections above. Besides thege gains the
control laws as well as the estimators use furfans which have a concrete
physical meaning, such as aerodynamic control pgagrs. All gains which have
been determined on an aerodynamic basis are seukdsing altitude, Mach and
Angle of Attack (AoA). Both sorts of gains are wekfined using a straightfor-
ward method for the dimensioning of the gains amdnot be considered a result
of an elaborate gain tuning process.

This structured approach has proven to be an impbedvantage of the pre-
sented control law concept as it saves developtiet and maintains transpar-
ency for the control engineer during control lawessments.

Conclusions

Following the Cassidian Auto Flight strategy for U#\ the workload of the Op-
erator is to be reduced to a supervisory role, shahthe Operator can focus and
interact with the system in a more optimal way réasing situational awareness
and enhancing safety of flight. This results irealhtion of the Operator from
those tasks which can be done automatically, wdtileenabling sufficient inter-
action and intervention possibilities. This apptoaoses new requirements on the
Auto Flight system causing the need for new fumal@and system architectures.
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Safety of flight and operator situational awarenisssatisfied using a flight
guidance which generates an explicit and flyakdgettory, which can be visual-
ized to the Operator. This enhances predictakalitgt therefore situational aware-
ness. Furthermore, a care free auto flight systenitsl all relevant flight parame-
ters, such that safety of flight can be sufficigmfiaranteed.

Low development costs are ensured by using a geherctional architecture
which has a high commonality between different Updtforms. The explicit tra-
jectory generation enables the use of a singlepdatdlight path steering mode,
without complicated control law moding and subsequifficulties during valida-
tion and verification. Furthermore the presenteatid law structure has been de-
signed with a focus on low effort regarding gaimifig and uses model based
compensation to adapt to air vehicle specific fligynamics.

The architecture in this paper therefore satidfiesneed for safety of flight,
combined with optimal situational awareness whéesuring low development
costs. The presented Auto Flight system has beptemented on the Barracuda
UAV demonstrator and successfully flew in a fligast campaign in the summer
of 2012.
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Acronyms

AoA Angle of Attack

ATHR Auto Throttle

FMS Flight Management System
PLA Power Lever Angle

UAV Uninhabited Air Vehicle
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