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Finite time convergent zero-effort miss guidance law
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Abstract: A finite time convergent zero-effort miss guidance law considering the dynamics of the missile autopilot is proposed for the problems

of intercepting high speed and maneuvering targets. The three-dimensional relative geometric relation between the missile and target is decoupled.

A new three-dimensional zero-effort miss guidance model incorporating the dynamics of the missile autopilot is derived. Based on the adaptive

sliding mode control theory and the finite time stability theory, the zero-effort miss in pitch plane and yaw plane is chosen as the sliding mode

surfaces, and then the three-dimensional adaptive sliding mode guidance with finite time convergent zero-effort miss is proposed. The guidance law’

s stability and finite time convergence ability are analyzed and proved. Simulation results show that the proposed guidance law can achieve the finite

time convergence of the zero-effort miss, and has better guidance precision compared with the proportional guidance law.
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Fig.1 Three-dimensional relative motion

geometry of missile and target

B LA M g S, T o9 F s, r o s F AR
B0y z HBPEARBR AR, ox 2, IR AR 2R 5
O R gy g FUBRIV) S TE A R 0 £ 5 0, 71 4y
Dy LR I {5 R LI O A 5 0, FH g, LR
{VZ RIS eS b s B e I WP N <L N E I DO B
AR, AN R i H s s R -

.’:=r9§,+npicoszeL+aTx\L_aMHL (1)

. : 5 . 1 1
0,=-2 LO!, - (ﬂismﬁ,‘cosﬁ,‘ TGy T Ay

r r v r
(2)

“——ZL' +20, 4, tand, — la + la

lﬁ/‘ = r lﬁ/‘ Llﬁ/‘ L rCOS@L Tz | L rCOSOL Mz | L
(3)

X sy | L—]:Zj Ay | L(i=x,y,2) 22~ B bR AT B0
HRER AR R 22251l R D038 B 708 o

H T R R B A AR AR ] B A T
5, AMBUE iR A RS, S - HARRIAG X
R4, HREAS ©AT g R b H A M e e A

K PR, e LA - FARIAR LR AL b R
0x Y 2o NFEME , K5 = HEAR LR AR B H A2 LA
ZA SR OREAD - T A O A0 F- T80 64 T S e .
SERTORAIF- 1T P4 A9 3 — H 28 RS A T 5, A

2 o
Yo Y,
Vie
iy
é
Gy ot o Ya
v L20,)6, LTS )
o] X

X
i

B2 DRA-F A A 55 H R LA o 2
Fig.2 Relative motion geometry of missile

and target in pitch plane
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Tab. 1 Interception performance comparison

between different guidance laws

Ji#/ m

HbrpLahid 2/ ¢

PNG FZEM
aty, =3 ,atz, =0 7.2399  0.4657
aty, =2 ,atz, =0 3.7882  0.2215
aty, =1, atz, =0 1.5269  0.096 5
aty, =0, atz, =0 0.3467  0.002 1
aty, =3 ,atz, = 1 7.3984  0.493 1
aty, =2, aizy =1 3.9144  0.2756
aty, =1, atzy =1 1.613 9 0.225 8
aty, =0, atz, =1 0.4524  0.1929




3 ] PRI, A A P A PR ) A S + 141 -

4 iR

=

RSB T e AL Bl H AR AR R A
L 1) = 2 A0 L 5 28 A 20 1AV e R i
T HE S T2 18 S 5 A Bl B A Bl A 1 T Y
g ot L AT 5 AR O TR ] H e
I FRESS T ASAE PE BHLIE , 26 B AP T ) 2 42 3
B DGR, Bt T = E R I A A R ]
W S 5 1 5 2B BB Bl AN [ 19 Lyapunov e 4, X
JIr e S AR A BRIN TR ST T 3
A0 b A 5 3 5 ) S AT O G EE AT
R S RA R r P A0 A BRI ]
SR, HAE HARMCR RIE SRR/ N AL B, 3
REAEAT 2 FL AR, O BAT S i ) G

2% 3R ( References)

(1] P ARRATRS S oI H# D). RREE . IR/RIET
MR, 2010.

SUN Sheng. Guidance laws with finite time convergence for
homing missiles[ D]. Harbin: Harbin Institute of Technology,
2010. (in Chinese)

[2] Zhou D, Sun S, Teo K L . Guidance laws with finite time
convergence [ J ]. Journal of Guidance, Control, and
Dynamics, 2009, 32(6) : 1838 —1846.

[3] Wang X H, Wang J Z. Partial integrated missile guidance and
control with finite time convergence[ J]. Journal of Guidance,
Control, and Dynamics, 2013, 36(5) : 1399 —1409.

(4] &oCF, A%, FRE. —F% 8 a8 g2 33 S Rk

FUE R, B 25 ) S L], AL, 2003, 24 (3):
245 -249.
SHE Wenxue, ZHOU Jun, ZHOU Fengqi. An adaptive
variable structure guidance law considering missile’s dynamics
of autopilot [ J]. Journal of Astronautics, 2003, 24 (3):
245 -249. (in Chinese)

[5] &3, FRG, 2% 2% 8 H 32 B3l 84 5 & M
LR HT]. RETRES R THOR, 2003, 25(12)
1513 —1516.

SHE Wenxue, ZHOU Fengqi, ZHOU Jun. Robust adaptive
variable structure  guidance law considering autopilot

dynamics[J]. Systems Engineering and Electronics, 2003,

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

25(12): 1513 —=1516. (in Chinese)
M, SREER], JZk. 258 A 97 B S A B 2 £ 1
YIRS IR T]. TR, 2013, 34(1) : 69 -78.
SUN Sheng, ZHANG Huaming, ZHOU Di. Sliding mode
guidance law with autopilot lag for terminal angle constrained
trajectories [ J ]. Journal of Astronautics, 2013, 34 (1):
69 —78. (in Chinese)
Sun S, Zhou D, Hou W T. A guidance law with finite time
convergence accounting for autopilot lag [ J ]. Aerospace
Science and Technology, 2013 ,25(1) . 132 -137.
HAERE, K. IS0 A S B B B SRk A =4
S5l [T]. fiias2Fdk, 2011, 32(11) ; 2096 -2105.
QU Pingping, ZHOU Di. Three-dimensional guidance law
accounting for second-order dynamics of missile autopilot[ ] ].
Acta Aeronautica et Astronautica Sinica, 2011, 32 (11):
2096 —2105. (in Chinese)
Qu P P, Zhou D. Observer-based guidance law accounting for
second-order dynamics of missile autopilots [ J]. Journal of
Harbin Institute of Technology, 2013, 20(1); 17 —22.
Yeom J H, Hong J] W, Yoo S J. Terminal-phase optimal
guidance law for BTT missiles considering significant autopilot
dynamics[ C]//Proceedings of AIAA Guidance, Navigation,
and Control Conference, Portland, Oregon, 2011.
AL, RS, Bke. —FiE T RAUZ IS REE R
AR AT ] iS4k, 2007, 28(4) : 953 - 958.
ZHENG Liwei, JING Wuxing, GU Lixiang. A terminal
guidance law for exoatmospheric kill vehicle [ J]. Acta
Aeronautica et Astronautica Sinica, 2007, 28 (4 ):
953 —958. (in Chinese)
BRI, ElAE, BRTH. JET R R SRS
BPEEHI T (T]. Mizs 24k, 2009, 30(9) : 1583 - 1589.
CHEN Feng, XIAO Yelun, CHEN Wanchun. Guidance
based on zero effort miss for super-range exoatmospheric
intercept[ J]. Acta Aeronautica et Astronautica Sinica, 2009 ,
30(9): 1583 —1589. (in Chinese)
BT KAZ ARG ] S — AR [ D] s
IRV I IR Tlk K2, 2011
LI Yungian. Integrated guidance and control for endo-
atmospheric interceptors [ D ]. Harbin; Harbin Institute of
Technology, 2011. (in Chinese)
TR, 2t AR M LR (], S
%, 2011, 26(2): 161 —169.
DING Shihong, LI Shihua. A survey for finite-time control
problems [ J]. Control and Decision, 2011, 26 (2):
161 —=169. (in Chinese)



