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Abstract To obtain aircraft dynamic parameters, various estimation methods such as Maximum Likelihood,

Linear Regression are applied. In this paper we adopt the extended Kalman filter(EKF) to estimate the stability

and control derivatives in aircraft dynamic models from flight test data. The extended Kalman filter is applied

to nonlinear augmented system assuming that unknown parameters are additional states. In this work, the

results of the extended Kalman filter are compared with the results of the wind tunne! test using ChangGong—

91 aircraft flight test data.
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System Model

1) = f(x(0),u(t),£, 1)+ w(r) (2)
Measurement Model
2(1,) = Alx(t,),u(t,),£ )+ V(1) (3)
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State Estimate Propagation
()= G, u(),$,1)
Error Covariance Propagation
P(1) = F(3(0),u(t),¢,1)P(2) )
+ P(OFT(R(),u(6),¢,1)+ Q1)

Kalman Gain
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Predicted Output

Pe(=) = h(Fe(-) 4. 1) (8)
State Estimate Update
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Error Covariance Update
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Q=diag (5e+3 1 1e=5 10 70 le-3 1 (13)
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R=diag (1 le-4 le~4 le-5)x1le—6 (14)
x, =[0.4314 0.0110 0.0012 —0.0459 -0.0305 (15)
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R=diag (1 le=2 le~1 le-2 )xle—6 (18)

X, = {0.5]03 0.0008 -0.0174 -0.0001 -0.0305
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Figure 1 Measurement and Estimation Value
of Longitudinal Motion (Stick—Free)
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Figure 2 Measurement and Estimation Value
of Longitudinal Motion (Stick—Fixed)
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Table 2 Non—Demensional and Demensional Coefficient and Stability of Longitudinal Motion

H}8 = (Stick-Free) v]8 237 (Stick—Fixed) ¥
u, =150.0 fysec M =0.1355 h=3,164.6ft u, =150.0 fsec M =0.1355 h=3,164.61t -
—00346 161436 0  -32174 0 ~0.0356 162074 0  —32174 0 ] Fedgds
4| ~00019 -09987 1 0 | g_{o0000i| 1-00025 -1.5542 1 0 | p_{-00001 C,, =4.9045
~0.0048 ~7.1093 -52397 0 |'° |0.0013 00077 62754 44111 0 |'7 [-00143| C  =-0.5329
0 0 1 0 0 0 0 1 0 0 -
| C,, =-13178
X, = ~0.0346 sec” Cy, =0.1035 X, = ~0.0356 sec” Cx, =01065 1\ ¢, =, +2C,
X, =16.1436 fi / sec? Cx, =—483153 | 4 _ 162074 fi/sec? Cy, = —48.5061 Cy.0S
X, = 0.1076 sec” Cy,=-03221 | x _ 01080 sec™ Cy, = ~0.3234 “ = g
Z, = —0.2876 sec” C;, = 0.0057 Z, = ~0.3758 sec” Cp = 00075\ ¢, =C, -C,
Z = -0.0019 it C,, =0.8608 Z. = -0.0025 ﬁ—l C,, =11248 . Cz,‘,QS
Z, = -0.9987 sec™ Cp, = 29889 Z, = -1.5542sec™ C,, = 46516 “ T T,
Z, = -0.9987 sec™ C;, = 2.9889 Z, =-15542sec” Cz, = 46516 C, =C, +2C,
M, = 0.0048 fi /sec Cy, = 0.0553 M, =0.0077 fi /sec Cy, = 0.0889 C, 0S
M, = -7.1093 fi* /sec’ Cy, =-823808 | a7 = -6.2754 fi*/sec’ Cy, =-727174 | Ze =y,
M, = —0.0474 fi/sec Cy, =—0.5492 M, =-0.0418 ft/sec Cy =-04848 | C, =C, +C,
M, = ~5.2397 sec” Cy, =—607163 | M, =-44111sec” Cy, =-5L1139 | = Cp 08
X, =0 fi/rad-sec Cy, =0 X, =0 fi/rad-sec Cy, =0 A —
Z; = 47510 ft/ rad -sec cz; = -947.9420 | Z; = 46,990 ft/rad-sec cz; = -937.5674 .
g; =2.1116 rad™ C,, =-00421 g; = 2.0885 rad™ C,, =-00417 Jﬂ::f—o.m 15
5, = —47. 3434 fi* /rad-sec | C. = -3.6573 M, =-38.3338 Atlrad-sec | . = -2.9613 402033
" ) Ay, = -2.6768]
RS LR +2.6511i
4, =—0.0148+0.2184i A, =—0.0139%0.2597i Phugoid
A4 =-3.1217£1.6159i A, , = ~2.9866 +2.0570i ¢ =0.0920
' ; o =0.1620
Phugoid Short Period Phugoid Short Period T,,= 46.47 sec
¢ =0.0677 £ = 0.8881 £ =0.0534 ¢ =0.8236 Short Period
o =02189 o =13.5151 @ = 02601 o = 3.6264 ¢ =0.6720
T;,, = 46.5540 sec T,,, = 0.2210 sec T;,, = 49.7170 sec T;;, = 0.2310 sec o = 4.6950
Period = 28.7735 sec Period = 3.8884 sec Period = 24.1946 sec Period = 3.0546 sec T, = 0.2040 sec
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