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ABSTRACT

This paper presents system identification of a single tilt wing UAV. A Modified
Equation Error Method(MEEM) and Extended Kalman Filter(EKF) are used for the
identification of a single tilt wing UAV system in frequency-domain and time-domain,
respectively. Simulated flight data is obtained from CNUX-3's vertical mode linear
simulation with realistic sensor noise. System identification performance is analyzed with
respect to a variety of design parameters of the MEEM. Also, High accuracy Fourier
Transform(HFT) is applied to enhance the performance of MEEM. The results of the
MEEM is compared with those of the EKF. Design parameters of the MEEM and initial
conditions of the EKF are decided from optimization.
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Fig. 1. Single tilt wing UAV(CNUX-3)
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2.1.1 Modified Equation Error Method
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Table 1. AHRS measurement performance

AHRS Performance Remark

Roll/Pitch
(Dynamic)

Depends on

2.0° RMS .
sensors options

Heading
(Dynamic)

Homogenous

20° R
0% RMS magnetic field

Table 2. GPS measurement performance

GNS.S Performance Remark
Receiver
Single Point 15 m RMS
L1
oG
Velocity 0.03 m/s RMS
Accuracy
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Table 3. Gyroscope measurement performance

Table 4. Computed maximum/minimum error
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r=cosyX V, (26)
y=siny X V,
=V

GG S50~ G5, GSGT5,5, N
-GS, 895,460 G85,-5G] |y
=5 5 Gy GG z
(G, =cosh, S, =sinf)

u
v
w

u, v, we X7} GPS2
ol 0.03m/s RMS$} FLU3}x ko,
HANA SHSA Hrk = AA
A st 22k Mele H%
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3 Al=F AY HolHE g5
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GPS¢} AHRS?| 225 1<
Ad, A& 235 HHs dae
=3

S5 29 93 W9

71w ey A= HUAE
aet waA 79AlQl F3(White Gaussian
noise) S ¥AsATE GPS, AHRS 239} u, v,
we] A, H& 2AWE Table 49 H2I3kS
]:}’- X}O]iiigg’] 9—;_(]'1_ E“l EE1 )\4;(401] ;8_
Zog GHEHU7] ol %= (Noise
density)2 fd3T o BEv ﬂ]g;:;'z‘-J A &
< 99T =olz2 FYHW, Z¥E(Output
rate)2] AFTS F3t] deg/s RMS @ = -T@}
T Aok CNUX3 %’—fﬂﬂ% 100 Hz 9] &

zr 2 Table 5%} 7”3]-
Skl

9

e}
T

]_/\1- u]fsgc-]] ] 1= AL
1719 4% welo] dAw

AHRS Porformance Remark Range | u(min) | w(max) | w(min) | w(max)
(Gyroscopes)
V,,(m/s) | +30 | 0128 |-16.579| 0.013 | 29.992
Non-linearity < 0.05 % % of full scale V. (m/s) +10 | 0007 | 9982 | -0.063 | 9.948
Initial bias L 05 s Over temperature ¢ (deg) + 10 1.923 | 6.533 | 9.311 7.338
error o range
6 (deg) + 30 | 2463 | 1248 | 14.219 | 17.671
Noise densit 0.05
oise aensity °/s// Hz Yvideg) | +10 | 273 | 9782 | 248 | -1.269
Bandwidth 240 Hz 1k HZ QVTOSCODGS Error (RMS) 0.008 | 0.153 | 0.006 | 0.376
coning integral
Table 5. Noise intensity for each parameter

u Velocity Accuracy 0.15 m/s RMS

w Velocity Accuracy 0.37 m/s RMS

Gyroscope Noise Density 0.05 °/s/v/Hz
q x +/Output Rate 100 Hz
x Gyroscope Non-linearity 0.05% RMS

0 AHRS Pitch Accuracy 2° RMS

Imaginary Flight Data

— Flight DataCTrue)
5 S Flight Data(NU}se)

time(s)

Fig. 2. Virtual Flight Data
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Table 6. Cofiguration Parameters

T& T Af fu J
FFT 8 03 12 0.4918
HFT 8 0.3 12 0.2676

Flight Data VS ID Result
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Fig. 3. FFT/HFT System Identification Result
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Table 11. Optimization initial values
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Zy -0.053 J 0.2489
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Fig. 7. System identification result
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