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ABSTRACT

It is essential to prevent LoC(Loss-of-Control) or upset situations caused by stall, icing or
sensor malfunction in aircraft, because it may lead to the crash of the aircraft. With this
regard, it is crucial to correctly identify the dynamic characteristics of aircraft in such upset
conditions. In this paper, we present a SID(System IDentification) method utilizing the
moving-window based least-square and the adaptive-order ZKF(Zonotopic Kalman Filter), which
is more effective than the existing Kalman-filter based SID for the aircraft in upset condition at
a high angle of attack with temporary sensor malfunction. The proposed method is then tested
on real flight data and compared with the existing one.
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Table 1. Aircraft’'s Parameters

a Angle of attack(rad)

g Pitch rate(rad/s)

m  Mass of aircraft(kg)

V' Aircraft speed(m/s)

¢ Mean aerodynamics chord(m)

g Dynamic pressure(kg/m-s?)

S Wing area(m?

J, Moment of inertia about z-axis(Nm)
J,  Moment of inertia about z—axis(Nm)
J,. Product of inertia about xz-plane(Nm)
de Deflection angle of elevator(rad)

Table 2. Aerodynamic derivatives[10]

C The rate of change of force in the x—axis
| direction to flight speed

C The rate of change of force in the x—axis
% | direction to angle of attack

C The rate of change of force in the z-axis
Z | direction to flight speed

C The rate of change of force in the z-axis
Z | direction to angle of attack

C The derivative used to compensate for the
% | downwash lag of aircraft

c. | The rate of change of force in the z-aixs
Z | direction to pitch rate

C Representing the change in pitching moment
with speed

C Representing the static stability of longitudinal
pitch motion

C The derivative used to compensate for the
downwash lag of aircraft

C Representing the change in pitching moment
+ | with pitch rate

C Indicating the lift change due to elevator
% | deflection

C The pitching moment change due to elevator
deflection
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Algorithm 1. Determination of g

Input y,, z,, k
Determine if sensor malfunction occurs.
if sensor malfunction occurs, then

Set g =2
else

Set ¢ = 1000
end if
Output q
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Fig. 3. RT-SID with MLS-AZKF
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Fig. 4. CDRW Aircraft[16]
Table 3. CDRW's Specification[16]

Parameters Values
Wing span 1.5 m
Reference area (5) 0.787 m?
Aspect ratio 29259
Root chord 0.9 m
Tapper ratio 01667
Mean aerodynamic chord (£) 061 m
Span-wise location of £ 0.29 m
Weight of LAV 3433 N
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Fig. 10. Bounds of state estimate (anige of attack)
using MLS-AZKF and MLS-KF

Table 4. Estimation errors after application of
MLS-AZKF, MLS-ZKF and MLS-KF

Method
State
AZKF ZKF KF
0.1073 0.1089 0.1956
“ (45.14%) (44.33%)
0.2554 02731 0.3045
¢ (16.12%) (10.31%)

Table 5. Average estimation errors after
application of MLS-AZKF, MLS-ZKF
and MLS-KF for 100 sensor—-malfunction

scenarios
Method
State
AZKF ZKF KF
0.0895 0.0966 0.1686
“ (46.92%) (42.70%)
0.0903 0.0976 0.1700
¢ (46.88%) (42.59%)
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