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Simulation Analysis of the Neural Network Based Missile
Adaptive Control with Respect to the Model Uncertainty

eIV TRETI s
(Jaemin Sung and Byoung Soo Kint)

Abstract: This paper presents the design of a neural network based adaptive control for missile. Acceleration of missile by tail fin
control cannot be controllable by DMI (Dynamic Model Inversion) directly because it is non-minimum phase system. To avoid the
non-minimum phase system, dynamic model inversion is applied with output-redefinition method. In order to evaluate performance
of the suggested controllers we selected the three cases such as control surface fail, control surface loss and wing loss for model
uncertainty. The corresponding aerodynamic databases to the failure cases were calculated by using the Missile DATACOM. Using a
high fidelity 6DOF simulation program of the missile the performance was evaluates.
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Fig. 1. Configuration of the missile.
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Table 1. Model parameters with time.

MRMsec] | Xegm] | Mikg] | Ixx (kgm2] | lyy [kem2]
=0 323 670.0 11.65 1171.13
=2 3.19 588.9 1159 | 105962
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Fig. 3. Inner -loop controller to control the normal acceleration.
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Fig. 4. Block diagram of ideal close loop system of longitudinal
dynamics.
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Fig. 5. Lateral direction controller.
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Fig. 6. Simulation result at designed point (Mach = 0.93).
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Fig. 13. Simulation result of control wing loss.

-60 L
0

x10° Trajectory of Missile & Target

35 Target |7~ "~ - -
i fiNG LOSS

East(m)

Side Acceleration
60

]

!
1
!
20 — - A
1
1
1

ay(mis?)
o
0

2] SRR B SN (RO U A

40 - -

[Ny
o
N
o
=3
I=3
-
=3
-
Fc S
o
-
ey S
=3

-60
0 160
time

I 14,270 A Al AlEEeld 23 (259).
Fig. 14. Simulation result of control wing loss (2.5g).

333



334

ol

§ 2F0) A% A el el wF 483 G164
FEAE 7152 5 ot vt A% FB F3]
2ol 2Fo] o f7F AW, 2FW 1P} G 2FW
Yo HFE) el f= WHN PHHE F=
Bee 343 nehs Ao o),

LA

L 8-

VL EE

B =S A4 ELS o] &ty i wAldY g A
o7& AAlEelen, 2FAH izt 7l xe] AddEr)
Non-minimum Phase?] 54& ¥3l7] $18le] A 322
o] &g U7} PIA|OIE o] 83l YRFEE L}Fo] A
o712 A YRS Ao]r] AA Al DMIO] AHE-H
Dynamics:= o] Ef8Mach 093)0149] k& AR5t
om Ao} AN AAHE Arste] 2-ga3ict

A #7198 dE A4S 93 Bl e EY X
QEX AlgEe)dS Fddle] Aee BAssen, o
A7 MR =TS 2R HE43 JE-FIe el Aloj=
Ao, o]z 3 T Ark shE S RIS

T 2 B8] 2eof sk A7 A Aol s
7¥E7] st o wAld e 2FW 5, 2FU A4, ¢
7 Zddelgle 371 AdEkE A sk

FEgE dugFEe dAF F o¥asd 29dti
H&e s A8 B3 saslen], 74" 6DOFY]
A3 AlEEe)ld ZRORA S Bale] Zb 373 A3l g A
SAe7)9] eSS

WA 23 3 R el g g g g
ZFH 3P} BAElY 7157 M7t ForAA Rk wht
2] ¢km BERES Aok ST Wil A A 39
vide] A 2% 715% & 49 F &5 Ao ¢
Qe £FE] gl7] wiieln Hleilvh wekA @l A
Al 71% 7 W91E Eolt R sl it Aot

7Fedte & & 5 itk

o

A

aed
[1] B.S.Kimand A. J. Calise, “Nonlinear flight control using neural
networks,” AI4A4 Journal of Guidance, Control, and Dynarmics,

Hol - 22 - AIARSS =2X M 16 &, M 4 = 2010. 4

vol. 20, no. 1, 1997.

[2] A.J. Calise and Manu Sharma, “An adaptive autopilot design
for guided munitions,” 4144 Guidance, Navigation, and Control
Conference, Aug. 1998.

[3] Manu Sharma and A. J. Calise, “Application of an adaptive
autopilot design to a family of guided munitions,” 444
Guidance, Navigation, and Control Conference, Aug. 2000,

[4] R. Sattigeri, A. Calise, and N. W. Kim, *6-DOF nonlinear
simulation of vision-based formation flight,” Proceedings of the
2005 AIAA Guidance, Naigation, and Control Conference, San
Francisco, California. 2005.

51 A, A, 35, gA, Ao, «AA32S
ol &3 A 27] WAL R Ao} 2007 EEE
TS FAREERS, AT SrizepAad, 2007,

[6] M. B. McFarland and A. J. Calise, “Muiltilyer neural networks
and adaptive nonlinear control of agile anti-air missiles,”
Proceedings of the 1997 AIAA Guidance, Navigation, and
Control Conference, New orieans, LA. 1997.

Aol

2006 d A CAEE-EE &9
2006 3~EA] F oty AepaAlESa)
A SR BYRoks v]giAo] FHFE,
FRI7] gAY, F117] v)AE.

g4y

19821 A-&d aE-gstat 4. 1984
T g SHEAD. 19949 Georgia
Institute of Technology ZA(F-EatAp.
19943~20003 WaEtATA A9l
7. 20009~8 A Zdshn w3
Atoks Al visiA] u)Egaof
Al &E AA, A3 2R 71 ASAe] dnEF i




