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Missile Aerodynamic Structure and Parameter Identification
Using the Extended Kalman Filter and Maximum Likelihood Method

WO Bt B g
(Tae-Kyung Sung - Jang-Gyu Lee)

Abstract

Determination of an aerodynamic structure is a very important problem in missile modeling.
The structure problem is to choose an appropriate set of aerodynamic coefficients to represent
chosen missile dynamics. A methodology and criteria to determine a structure from wind-
tunnel data are presented in this paper. Aerodynamic coefficients in the determined structure
are then identified by parameter identification algorithms. The identified coefficients are in turn
used to verify appropriateness of the structure. The extended Kalman filter (EKF) and the maxi-
mum likelihood method (ML) are adopted as the parameter identification algorithm. Both meth-
ods exhibit satisfactory results. While the model identified by the ML more closely follows
dynamics of the chosen missile than that by the KKF.
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Fig. 1 . Aerodynamic coefficient data obtained
from wind-tunnel test,
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Table2. State initial values and their uncertainties.
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Table3. Measurement noise level set for
parameter identification.

I HEEA | e BEA | Aol 2z
voe (ft/sec?) (rad) (rad)
=2 wAg 5.0 0. 02 0.03
s e5 1 5.0 0. 02 0.03
(10) 5.0 0.03
Ag A g 7.0 0.03 0.04
HAE-d a7 7.0 0. 03 0.04
(1a) 7.0 0.04
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Table4. Identification result of model A,

Agny | EREASE Sgsa | Mudew |, [EkEase) GELS | MLags
A T3 A2 4 Z A A 3 FRA -3k 7-”—)?-::‘:":‘1 Z= A Al 43k
Cxo -0.53 0.02 - 0.53 Cmaq 28. 82 1. 25 30. 99
Cys - 14. 15 0.9 -12. 16 Cmnose 0.27 1. 77 - 6. 15
Cyor 7.80 1.36 13. 08 Coma 190. 02 17. 22 308. 14
Cza —17. 34 0.93 —14. 81 Chios 6. 79 1.24 16, 81
Croq —4. 71 1.16 -9, 01 Chor 21.22 1. 59 20, 70
Cmaa —202.55 7.24 —214. 88 Curoor 1. 06 1. 86 10, 88
Chroa —6.23 1.50 —3.50
E 5. Alg=dBe FAAN
Table5. Identification result of model B.
aae (EXFeeal GRES Dwpaen L JEkFase| BRI ‘;2' ML of &g
FAA T ] 231 4} A A 43 22 A 4 s H| 44 P
Cxo —0.53 0. 02 -0.53 Cmroaia 78. 91 9. al --65. 24
Cys --17. 98 1. 32 —15. 09 Crmoq 29. 72 {.24 29.72
Cyor 5.94 1. 40 8. 45 Cmkooe - 3. 17 1. 78 1. 82
Cia --18. 03 1. 00 —22.21 Cns 6. 80 0. 99 13. 37
Croq - 3. 96 1. 27 2.92 Chsia 130. 75 18. 16 - 227. 56
Cma - 3.20 0. 87 —9.76 Crros 7.69 1. 36 1.59
Craian - 176, 11 10. 75 -85, 25 Chrosian - 87. 44 4. 91 333. 05
Crkoa ~-11 02 L.45 —=10.32 | Coor 24. 65 L76 3. 42
Conosr 1,07 J 1. 87 - 1.30
kS 6. 74]- Df—IICO] /z4/i ']
Table6, Identification result of model C.
dgg [EXEal SRR [ mpers L HERE s BRED | ML otera
777 [e] 7:” _[‘/ )4] '/{_ _:1'-_ ,&% Eh lé 74] T é* A] e ﬂ T Xé 7,” _/T__:‘} /t} 1 XJ A' 1 %)\
Cyo 0.59 0. 04 0.57 Chuoain 80. 64 9. 61 17. 72
Cxa -0. 42 (). 90 0. 20 Cmsq 3136 1.22 21. 56
Cya -1.10 1. 50 2. 23 Cmrosa =~ 1159 1.79 41. 41
Cioe 0.72 1. 46 0.03 Cmrogisa 68. 94 9. 83 210. 30
Cyor -2.50 1.72 2.07 Chs 7.02 1. 00 11. 92
Cye 18. 74 1. 36 == 15. 60 Chaia 133, 78 18. 49 138. 33
Cyor 6. 32 1.39 7. 91 C  nkos 6. 81 1.47 23. 20
Cro -17.97 0. 99 22,53 Chrosis 88. 02 9. 94 8. 71
Croa } 3. 96 127 3. 44 Chor 24. 36 1.71 21. 60
Cre i - 4,53 10. 87 5,43 Chroor (1. 90 1. 88 60. 93
G aven - 166. 93 11. 01 78. 99 Chqoorion: 71. 00 9.99 —950. 78
Caroa -~ 10. 63 1,54 - 22. 76
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Table7. Trajectory errors between wind-tunnel model and identified model.

EKFoll oall A% A4 o83 /t4 | MLl osi 343 A4& o838 7haty]
vl g olele] 2 %} gullojetel 2 4
As=dA | AcedB | AFEUC |[AFEIA | AFEUB | AFRGC
St ay | 0.782 0.737 1. 139 0. 899 0. 884 1. 406
(Ft/sect) ay | 5. 027 3. 924 3.545 5.932 1. 802 2.991
a, | 5,772 4. 460 4. 301 5. 007 3 985 5. 806
a~pB=A7) a 1.394 > 1077 | 9.657X107* | 9,193 107° | 9.907=10"* | 7.176x10°* | 1.021>x10 *
(rad) ) 11611077 | 9.454>x10°* | 9.291x<107° | 1,739 <10°* | 5. 106X 10 * | 5. 706 x10"°
e ¢ | 6.213>10°° | 544010 * | 5.199X10° % | 1006 =102 | 2,923 > 107* | 4.132>10 °
(I:ail) i g 1.441x107% | 1.004X10 2 | 9453%107° | 1.096 <10 * | 7.087>10"* | 1.014x10°*
’ ¢ 1.407>x 1072 | 10271072 | 1.027>x 1072 | 2.006 <107* | 5,954 < 10" | 7,552 10°°
o A X 1. 699 0.512 0. 512 2.225 2.824 0. 631
(1) N 8. 080 4. 786 4. 786 1. 807 0. Z(i(% 1. 075
Z 1. 334 0. 676 0). 766 2,205 2. 205 2. 441
G e oA ek Ash Al Aatelont 3ok mule] 2 el elFg
MLelaiel e Zg sk old F2kel wlole} gl Az 9 Al4ai e olgele] sha ule
Al Aeleto] ZA Aol 7hAg FALAAE R ‘1 Ae & F Hagael vatd sl X A
Gl AGRE FAde BBl Sl 4z ol A kel Axye] WeE w5y £ o
Agb 7bol melelol ela] gl &/ 7F wlAbAd g lP‘:'" 7% shgl ol
Aol ulal ebd A AlEE] AlgE kAo AqZEAA 2 ofedvha Al 2l 2 17708
Sefut AR kel Aba Al o) wiel o)t Aapzsl FEalsludel Fxe b4 g £
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