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Abstract: In this paper, the “wing rock” phenomenon is ddssdi for slender delta 80
wing aircrafts on the roll axis. This phenomenonises the aircraft to undergo a strong
oscillatory movement with amplitude dependent am dhgle of attack. The objective is to
identify “wing rock” using the Patchy Neural Netwo(PNN), which is a new form of
neural nets. For the update of the weights of #tevark, an observer called RISE (Robust
Integral of Sign Error) and equations of algebfaitn are used. This causes the PNN to be
fast, efficient and of a low computational cost.

Keywords: wing rock phenomenon, RISE observer, Patchy Neuealvdirk (PNN), slender
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1. Introduction

Neural networks are the future of modern computirigey are volatile, applicable
to all problems solved with hardware, software omwware, fast and most
importantly they are evolving constantly. Moderrceafts need this fast and error
tolerance computing method, making neural netwedsential for aerospace.

In this paper, we present the “wing rock” phenonrefar slender delta 80wing
aircrafts. The motion of the aircraft, during tlueenomenon, in the roll axis is
described by the equation given in [2]. The conadrthis paper is to identify this
phenomenon using the Patchy Neural Network (PNM)s s a new form of
neural networks proposed in [8]. For the renewahefnetwork’s weights, the use
of an observer called RISE (Robust Integral of Stgror) is needed and equations
of algebraic form. This causes the PNN to be quick®re efficient and to have
less computational cost than neural nets used now.



2. “Wing Rock” Phenomenon
Wing rock is the phenomenon during which the aimplas undergoing a strong
oscillatory movement. For the purpose of this paplee phenomenon is only
approached in the roll axis.
“Wing rock” is an oscillation that occurs when thiplane increases its angle of
attac ). In this paper, we focus on this phenomenon ogwion slender tailless
delta 80 wing aircraft; the model of the aircraft used tuserve the phenomenon
has wings swept back forming the Greek lett€i(delta) and it does not have any
tail wings. The aspect ratio between the wingspat the mean value of the
wing’s chord is high; therefore makeglender: high aspect ratio (ws/ac)
the wings slender, making the aircraft “
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of the aircraft; for this paper thergyre 1 Slender tallless delta 8Dwing
aircraft hasA=80°. aircraft

The case of the phenomenon of the “wing rock” ormwdelta wings is called
slender wing rock. It takes place at high angleatt#ck due to vortex asymmetry
at the leading edge of the wing; this asymmetry banthe result of flying
conditions. Furthermore, flying at high angles dfaek in asymmetric flow
conditions (landing in a cross-wind) or inducecktat oscillations due to unsteady
flow over the wing could lead to the shedding ofaagmmetric vortex.

As a result, the leading edge leeward vortex shifthoard and the leading edge

windward vortex shifts inboard causing the wingdrtitially roll in the positive roll
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vortex on the up-going wing to
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move outboard and lifted off. The convective tirag bssociated with the motion
of the lifted off vortex causes the right wing tontinue dipping until the lifted
vortex takes its final position. Then the lift dretdown-going wing together with
the reduction of vortex strength due to the dee@dthe effective angle of attack
causes the wing to stop at a finite roll angle (thet cycle amplitude) and then
reverses its motion. As the wing reverses its nmptibe effective angle of sideslip
decreases and the lifted vortex starts to reatt@bb. convective time lag of the
vortex motion helps the rolling moment to build impthe reversed direction until
the vortex is completely reattached to the leewsid@ of the left wing. This is
graphically represented figure 2.

The mathematical expression describing the movewfeatslender delta 8Qving
aircraft during “wing rock” phenomenon in the rabltis is presented in [2]

¢+ 0*@ = ¢ +b@® + 1,0°P + bed? (1),

where ¢ is the roll angle of the planey its first derivative andp its second
derivative. The term&?, u,, y,, b; andb, are given using the expressions

w? = —cja; (2), iy = c1a, — ¢; (3), by = cya3 (4), Kz = a4 (5),b, = c1a5 (6)
where

pScl?
= 7
1 21, 7
XLC
C2 = I’:CX_UC 8)

and the coefficienta; depend on the angle of attdek and provided in the paper.
The values ofy; are given for angle of attack ®&nd 28, as well as the table with
the variables used to calculate coefficientandc, are given below.

o aq a, a3 ay a5
15 -0.01026 -0.02117 -0.14181 0.99735 -0.83478
25 -0.05686 0.03254 0.07334 -0.3597 1.4681

Table 1 Values of coefficientst; for a=15° and 29

Variable Quantity Value

p air density 1.1955 kg/m®

S wing area 0.0324 ¥

C chord of the wing 0.429m

L, characteristic length.{=c/4) 0.10725 m
IS, mass moment inertia 0.27-107 kg-n?’
U, damping coefficient for the bearing of the stih@.378-10 kg-n¥/s
U, characteristic speed 15m/s

Table 2 Values of variables used



The use of MATLAB is necessary for the simulatidritee movement the airplane
is undergoing during “wing rock”. The simulation tfie movement is shown
below.
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Figure 3 Roll angle as a function ¢ F|gure 4 RoII angle as a functlon o
time for a=15° time for a=25°

Comparing the two figures above, it can be dedubatl a way to prevent wing
rock from happening is to have an angle of attawkeu 20; wing rock can also be
prevented with the use of flaps.

The simulation also outputs the phase plane ofrtbieement in the roll axig to

its first derivativep, which is required for the weight update of thena¢ network
discussed later.

3. RISE Observer

When only some measurements or outputs are awailfbl identification and
control, it is usually necessary to estimate ttst of the system’s states. This leads
to the development of linear and non linear techesqwith the use of observers or
estimators. Observers give an estimation of noritefirstates, therefore the
estimated states must be accurate in detectingiymssrors and failures.

One approach of designing non linear observerfiéshigh gain category. The
design of these estimators aims in the disassoniaif the linear and non linear
part. Then, the gain of the estimator is selecte@dsthe linear part to dominate
over the non linear one. Choosing a very high gaimresult in having a relatively
small observation error, but it will cause largepditnde oscillation to the system’s
noise.

The noise levels and the dynamic of the system gdhavith the passing of time
and the accuracy of the methods is diminished. ;Tingsuse of robust observers or
methods of estimation with noise tolerance is agsei®ne method that could be
used is the RISE (Robust Integral of Sign Errordestier. This method increases
the robustness of the observer and at the same tlimeffectiveness of error
tracing in comparison to typical estimators. Theeyler suggested offers, beyond
robust estimation in case of noise, an area of ptyin stability for state
estimation. Simulations have shown that RISE isabspto estimate states with
25% accuracy with rising noise levels.

For this paper, an observer is developed, so thaii be used by a neural network
for learning and unknown state identification anbR feedback for robustness.



The full state approach of the asymptotic estimheged on the robust integral of
the sign error (RISE)(t) is given by the equation
t
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develop the Patchy
Neural Network to
identify wing rock
phenomenon, the
variables have the
following values
k=2,A1=1,8=20.
The observer was
created with the use of
MATLAB which
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Figure 5 Comparison between the simulation of th resulted in the figures
motion of the aircraft during wing rock and the 9

estimation of the motion from RISE observer fo shown below. For the
0=25" development of this

observer, the use of
the values ofp found
in the simulation of the phenomenon is essential.

4. Patchy Neural Network(PNN)

For the construction of the neural network, a neategory of local networks is
used; it is called patchy neural network (PNN) vitisis functions that are patches
of the state space. This specific network with Higant number of nodes can
approximate a general smooth non linear functioar av given compact region
with the desired accuracy. PNN network is usedxtoaet and store information
obtained by the estimation of an observer, usisgrple algebraic weight update
law. The way PNN works is presented.
Let n-dimensioned rectangles

Ii=1 X I, x - X I,
andd partitions of each interval; mathematically expressed as

Nl Nl
Iy = UAi,j = U[ai,j—l' a; ;]
j=1

j=1
with ai,jzai‘o +](S, 1<i<n. !
Patch functions are defined on the séfs X -- X A,; , wherel <i; < N; and
1<i<n
Lavx €Ay, X XAy,
0, else

Diy iz, in (x) = {



A patchy neural network is a neural network witle dvidden layer and basis vector
that consists of patch functions with output

N N.
Y =iy B ey Wi i Pig iy (0) = WP (),
where
W = [Wl."',l' '“’WNJ_,“',Nn]T € ]RNlXMXNn

P(x) = [p1,-~-,1'"':p1v1,-~-,1vn]T
The network’s weights are updated
algebraically with the use of the equation —

_j _
Wy . () =

(1 — Dig i (X (t))) Wl]lln )+

* Wig,
<+

Pig i (X (D) () Figure 6 Structure of Patchy Neura
or equivalently Network (PNN)

Wijl,-u,in(t_)' if Diyi, (x(0) =0
E@®, if iy, (x(®) =1

~J _
Wi ) =

where j = 1,2, ...,n with initial valueswl.’llmll.n(o) =0 for1<i;<N;,..1<
< N,andl1<j<n. The vectorWTP(x) with W :=[W,-W,], with
W; = [Wf.. ., Wk, .x,]" can be used to estimafér).

Specifically, the figure of the equation to be mstied is givenl; corresponds to
the i axis, which consists af; portions4; ;. Each portion is an arda; ;_,, a; ;]
with § length. Each patch has such a portion and thenuofothese portions
U?’zilAi,j = ijzil[ai‘j_l,ai,j] is I;. If there is a point ofc in that portion on the
figure, thernp equals 1, else is zero.

y For the weight update, the value
of p is being used. Ip = 0, then
the weight remains the same as it
was for the previous moment for
that patch, else it takes the value
of the observer in that moment.
For this paper, it is assumed that
each axis will be from lowest
value to the highest value that

_ o o exists in the axis. Each axis will
Figure 7 Patches over the phase plane f g split into the same number of
0=2% patches, N; = N;, but they will

have different value fof, which depends on the length of the axis. As séidioy
each axis is calculated

max(axis) — min(axis)

6 axis — N
axis




Figure 9 Function f(¢,¢) for Figure 8 PNN approximation for
0=25" a=25°

For the construction of the neural netwogk,is the input in the observer. The
figure used is the phase plane given from the gtiori of the movement during
wing rock.

5. Conclusions

The strength of the vortices depends on the arfgi¢tack and the angle of sweep
of the wing. For a given angle of attack, the githnof the vortex reduces by
increasing the angle of sweep of the wing. The fuiack” phenomenon can be
eliminated with the use of the flaps of the airtraf by reducing the angle of
attack.

For angle of attack smaller than®@he oscillation occurring during wing rock
fades out with time. But, in higher angles the kestidon starts with relatively small
amplitude until it reaches maximum amplitude andticmes “rocking” at that. The
amplitude and the frequency of the oscillationha final state do not depend on
initial values, but on the angle of attack.

Creating the observer needs the use of the valfies and ¢ obtained in the
phenomenon’s simulation. RISE observer is very fasestimating the targeted
function and is superior to other observers asait estimate states with 25%
accuracy with rising noise levels, increases thmuistness of the observer and at
the same time the effectiveness of error tracinglsb offers an area of asymptotic
stability for state estimation.

Patchy Neural Network is easy and simple to itsnieg. PNN is capable of
approximating generalized non linear function.ieg some advantages over other
networks; the network is capable of learning th&nawvn nonlinearity in some
region of the state space from a single visit efdtate trajectories to the patches of
the region. PNN has weight update laws of algetfaim, not given in the form of
differential equations; this results in the sigrafit reduction of the computational
cost for learning since only n ODEs are solved fah@ observer, in contrast to
N; X --- X N,, ODEs needed to train the weights of a neural netwbd N; X --- X
N,,nodes.

The MATLAB code developed in [12] makes possible simulation of the “wing
rock” phenomenon, leading to the creation of theSERRlIobserver and the
construction of the Patchy Neural Network for theeritification of the



phenomenon. So, this paper concludes that thdifidation of wing rock, with
the use of PNN and the aid from RISE observer asifde, easily implemented
with the use of MATLAB code.
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