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Sparse identification of nonlinear dynamics for aerodynamic
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Abstract: To address the accuracy insufficiency of traditional parameter identification due to highly nonlinear aero-
dynamics and scarce flight data for hypersonic vehicles, this paper presents a SINDy—based approach. Using a can-
didate library of polynomial state terms and relaxed Lasso regression, the method extracts key dynamic terms from
short—time flight data to identify concise longitudinal force and moment coefficient models. Validated on simulation
data of a hypersonic glide vehicle under open—loop excitation, and compared with least squares, maximum likeli-
hood, BP neural network, and stepwise regression, results show that the proposed method achieves high accuracy
even with small samples, reducing normalized RMSE by 1~3 orders over traditional methods. It also shows strong
robustness to training set size, and the identified model offers good trajectory reconstruction and noise resistance.
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Table 2 Identification errors of C, for different
methods under varying cycle numbers N

3 ORI IECR 25 5k C PR R 22
Table 3 Identification errors of C, for different

methods under varying cycle numbers N

C, HFH IR 22 NRMSE

LSM MLE BPNN SINDy

1 1.147X 107" 2.949X107% 4.890X 107 % 8.514x10°°
2 5.582X 1077 1.046 X 107° 3.214 X 10 % 6.257X10°°
3 2.144X 1077 7.710X 10" 1.155X 10 * 5.580X10 ¢
4 1.038X 107 4.124X10° 1.108 X 10 * 5.420X10 ¢

5 5.228X10°°% 1.169X 10 1.068x 10 * 5.274x10 °

K4 AFEAMBCT A7 C, B R 2
Table 4 Identification errors of C,, for different
methods under varying cycle numbers N

C,, #HRiR 2 NRMSE

LSM MLE BPNN SINDy

1 2.183X 107 1.166 X 10 % 7.414X 10 ' 2.784X10 *
2 2.229X10°°% 5.917 X 10 % 3.356 X 10° 4.945X10 °
32,175 107° 7.183 X 1077 1.948 X 10°  2.345X10°°
4 1.892X107% 4.325X 1077 8.506 X 107! 8.892x10"*

5 1.383X10°° 4.446 X102 3.671x10 % 3.543x10*

C #R 22 NRMSE
N

LSM MLE BPNN SINDy

1 1.706 X 107" 1.766 X 10 % 5.465x 10 ' 4.384X10°
2 9.497 X 10°% 3.361x10°° 8.373X 107 3.902x10°°
33,430 X 1077 2.897 X 10°% 4.150 X 10" 1.758x10°*
4 1.663X 1077 7.868X10°° 6.876 X 10" 1.700x10"°

5 8.707 X 10 % 8.855X 10 % 5.729X 10 * 1.645x10 °
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Table 5 Sparse model of aerodynamic coefficients—SR

Onere B O Acro g
1 —3.376 X102 Mo, —5.032x10°*
a 5.245x10°"  o° 3 .414x10°"
C, 5, 2.560x107%  aM? —1.360x10"°
a’ 7.977X10°" @, —3.501x10 °
M?* 5.310X10°°  aMo, —1.208x 107
1 3.6343x10°2 & 1. 042X 10°
( a —6.421x10°%  M* —4.751x10° "
o 4.436X10°"  aM* —1.629x10*
1 1.937X107% 46, —1.793x10°°
o, 4.385X10°%  aM* 1.559%x10*
C, 5,° 3.279X10° " M?s, —2.715x10 *
o —4.561X107"  @ad,? —1.882%10’
oM 1.028x10°% — —

#6 AR H A —SINDy
Table 6 Sparse model of aerodynamic coefficients—SINDy

O acro B O acro =
1 —3.356X10°%  a° 7.97x10°!
C, a 5.597x10 "’ 3.415x10 !
5, 2.530X1072  aM —1.405x 1072
1 3.845X10°% @ 1.042%10°
a 3.068X10°%  aM —1.121x10°°?
C,
M 5.226X10°" oM —2.959%x10°
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a 9.084X 107" aM —4.788%107"
5, 2.089X10°" o.M —5.579X10 2
Cy
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o —4.648X10° " — —
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Fig. 6 Comparison of aerodynamic coefficient predictions
by different methods under single-cycle sample conditions
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