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Research on Tactical Missile Aerodynamic Parameter Online Identification

Method Based on SVD-CKF
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Abstract: In the field of missile aerodynamic parameter identification, traditional extended kalman filter
(EKF) algorithms often encounter issues such as high computational complexity, low accuracy, and difficulties in
solving the system’ s Jacobian matrix. To address these challenges, an online identification method for missile
aerodynamic parameters based on singular value decomposition—cubature kalman filter (SVD-CKF) is proposed.
Leveraging the cubature point linearization characteristic of CKF, this method avoids the direct solution of the

Jacobian matrix, thereby reducing computational complexity. Additionally, by introducing Singular Value
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Decomposition (SVD) technology, it effectively resolves the issue of potential negative definiteness in the

covariance matrix that may arise in traditional CKF algorithms, further enhancing filter stability. Simulation results

demonstrate that in the context of online identification of aerodynamic parameters for six—degree—of—freedom tactical

missiles, the SVD-CKF algorithm exhibits higher identification accuracy, faster convergence speed, and stronger

robustness.

Key words: on-line parameter identification ; cubature Kalman filtering ; singular value decomposition ; missile

SpORE ) AR Ll AT 4 b A T B
T =5k BT R g L AT IR
B AE S BRI, AR RS TSROk T 55 Y
HEATA L E T2 s S B A SE a1
PGS RAETE S TP DA 2 35w 22 . A S 3BT
4 Hh 5 301, 36 o XTI 3 7 S 6 R A5 PR AL S i
Fr sz 125 8 15, DASSE AN IE BRI RY .y T
TR AR HORE RIS S R e, 3OuE ) 58 4 B B
SERAT A AR A T SRS Y B A B B,
A7 AT SR BE S I T S B AT 5 il A S PR
AT ANE 3 5 0 S BRAT D SR SR UE S R
T 250 (B A i & A S R AT T
ST R A D 2 LA SRR 6 F R AT 3 1Y )
BRAE SR HIZ BOF IR AT 5 3 S Sh R R BEIE T
BT IE, B XGRS A 2R A AT
BT, 2 ] A Je 25 14 R JEE T 0 4% ) B8 5 e
S LA,

TES RN A B AR AE LR, s/
TR /N Tk IR N T de N Rk
S RS R R 29 YRR R 2k
W TOT AR IR PP AR T B LA, AR LR
A AR LR SE A TR B 2R, T4 ) 2R S A
SRAELRBIT IR — AR A I, S B SR
FHAS S0 3

153 AR S HOIHR G, EKF 2 H AT %
Tz IS BHRRAE I SCHR 6 Dor S5 B Be <
2 R BOE RS LRI IE AT ORI, M EKF XS
AR TR BEAT SO (R TR AR R S,
SR 22 58 Y A LR I AR R R P AR IR Y, 2 R
PRRATAETT R 2% AR A R A IR O T figk ok
bR LA g A TR, SCHR L7 1 i1 — o T 16 Qi
P FE AP R R 2 PR P SRkl i /8 EKF A
T B EH AT B B ORI A AL A R T
LA TR2E T v 1 HERURS B2, (B A MAR IR

AP 2% B I . O i R B R 2 A )
A, SCHR 8 3 T Tl K /K 2 € (unscented Kalman
filter, UKF) (3 & o8 SZEE L HH R, R
FH TG R IR 2 Y e S i S TR ZR S B0, J0AiE T
HOWE b EKF B8 5, [R] B A R0he B T SR A Al 45 L AR
RS N U A = A

25 LT AR PR IR 2R I A TR S S8
RS BEAR TR A2 i ) AR SCH T —Fh T
SVD-CKF W AR S 3 S E e LR 7 1 AR AL
F EKF, SVD-CKF 7¢ &b #f 55 4k B H & B AR L 1 &
S5 8 IS, R AR A TR S, H G T
M FLRE R A oK A AR A T AL 48 CKF IR I AL AR
SCRFHZEARUSCHR [ 11 ] B S8 AR, SR BB AR S T i
() SVD 43 it A0 B 15 45 CKF "1 i Cholesky 43+fif , X B
J7 Z BT o, rTE— i iR R e e S
kR L R R LA R R, SVD-CKF 5.
T T I i W N AR R s A IR R 0 A sh S
B Ak TR R R E kR i L R T ] 5 S 4
RGN TR T B Ry Al S B S

1 BARSESHSHPHAEE

1.1 REFTE

DAKE R SR 3 R e G A B b, o 1
o3 B I 58 Y 2 R PR 2R 220 b 3K A i R
Xof 3 9¥LIz Bl A B 0N i [ IR A A R AR
G877 HE A AR B BT 2T A B IR )
SRR , A A — AN sh IR BN R R S8
TE SR AR 22 ST T IZROR S 37N H i RS
TGN FR

V, = oV -V -gsing - XIm

V}, =wV. -wV —-gcospcosy + Yim

V.=V, -0V, +gcospsiny + ZIm

¢ =w,siny + w, cosy



5 8 3

TEASREE T SVD-CKF 1Y A S S sh S EE LU 1L 5 153

1
cos @

vY=w, —(w, cosy — w, siny)tang

¢ =(w, cosy — w_siny)

h = V.sing + V cospcosy — V, cosgpsiny

L - L
w, = IL a))(l)z"'T
]‘_I‘ww +%
o T
I, -1
W, =— }wa),+% (1)

LT
Ao X Y Z 4 ol 0y k) g R )
V.V, VAT SRS AR bR 2Rl ) 3 ] R ) = A
AR s oy BRI RS A AW AT A
w, 0, @ e = AT A 115
VR A AT RN AD 38 T8 A e s s ML M M5y i)
2T (R A1 35 S 3T 1) T A A A s 2R 45l
ot s g S EE TN B AR SCH 9.8 m/s? s h Ry iR
fEE; m TR .
1.2 EMHE

AL AR TSR BRAE
B DL R T AN A R A

W, =0, tv,0, =0, 0,0 =0+,

No= XN = N =L,
m, Y m mg
p=prv = tv,y=y+uv,h=h+ov,
a = arctan(—V},/Vx) +v,,,B8 =arcsin(V./V) +v,
(2)

Ao BTN NI AN M s N, N, N30 45
ANT7 1) bR 8 VIR v, ~0,, SR IR i 2 20 Y
pURILE 320
1.3 SHRHREE

TE7N H L ERAR S RGO, WS
YRR AN T Y AT PERE B OCH 2l SRR
K2 A B SHE AL, LT T R 7E A
6] RATAAF T WAtk AR A8 275 3Gk 6 ] A
B AR SCRT T DL R K S50

C.=Cy+ Cla+C'B+C4,

C,=C,+Ca+C8 (3)

C.=C,+ CPB+ C>5,
A :8,.6,.8. 73 Bl o IR A AE | L AE | TR B AE
Coo\Cro Co NWETA MW AT B R E 3 RAL
Ce L C o3 AR 3 V2 1) 0 T AR DG R 18 T30
CH . CE o3 ) Ry i ) g A 1) g o 000 3 A OC B9 18 1
T 5 €2 Y C2 245 7 T W42 1 F6 O AH G ) 18 TE T3

i) A, W EB RS SN
Coor €, CP,C, C o, €, C, C o, CF, C 3L 104, X B S
B R RSB 2 0K

0 =[Co0 C5 €, €0, €y €2, €, €y €, CP] ()

2 EFSVD-CKFHISESHELPHR A X

2.1 FEZLPHRIRE

SHHPR S R A 1R BT A AR T
2B HER S B & 0 98 AR ) B b gR T W) 4R
A 38 3RS T AR A LI Ty R A3 ) S B ] 5 A
I BEHT G R LA AR IBCHR 285 T 0 (L A 00 00 AE . e
L AR BB SRS I PR S A

[k 5 R |

| A HHRS RO AR A

I RES

REBHHRLER |

| i
] 1
1 ]
1 1
] 1
] 1
] 1
: 1
V iaerem]
| . B i
Hlosksim|
i i
1 1
] 1
1 1
] 1
] 1
] 1
: 1
i i

o R B iy R
{512 7 I
R TS 25
A E====— | S, R
A7 )
S S

B1 A#HFRARE

Fig.1 Flow chart for parameter identification
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Tab.l1 Comparison of aerodynamic coefficient

identification results before parameter changes
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