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Space terminal guidance law based on adaptive radial basis function

with terminal angle constraints and autopilot characteristic

JIANG Shang, TIAN Fuqing, SUN Shiyan, LIANG Weige
(Institute of Weapons Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: In order to make the naval gun satisfy the terminal angular constraint while striking near shore maneuver target in terminal guidance

section, a space terminal guidance law based on the adaptive RBF ( radial basis function) approximation network and dynamic surface was

proposed, which takes the dynamic characteristics of autopilot in consideration. The space relative motion model was constructed, and the extended

state observer with modified tracking differentiator was used to estimate the acceleration of target. Aiming at zeroing the tracking error about line of

sight angle and angular velocity, the nonsingular terminal sliding mode was designed with adopting adaptive exponential reaching law. The adaptive

RBF approximation network was applied to weaken control instruction chattering. The tracking error about line of sight angle and angular velocity in

system is uniformly bounded, which was proved by Lyapunov second method. Simulation experiment shows this terminal guidance law makes the

guided projectile possess well terminal guidance performance while striking targets with different maneuver forms in space.
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Fig. 1 Space relative motion of projectile and target
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Tab.1 Initial value of projectile and target parameters
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g P
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[0, 3000, 0]

[3000, 0, 3000]

[xP’ Yps ZP] /m
(2, yo, 2] /m

[V, Vi] /7 (m/s) [500, 50]

K2 RHESH

Tab.2 Parameters of system

R S, ] M B R R AT A 1) T 3
FEA 100 m/s™  FLER S o 3 1 0 e 7 2 24 R
0.5 22 0 HAH 5% W M A, 5 ESO HUA S Uk
MTD PERE, % 4 45 MESO 244,

&4 MESO &%
Tab.4 Parameters of MESO

24 AE
ry hy hy 2000, 0.001, 0. 05

0.05, 0.01, 0.05, 0.01

A, 01, Oy, O,

Biis Bizs Bors B 50, 225, 50, 225

S he W IR AXH) G PRy FLSE IR A 2R
5.1 1Hx1:BHRIEZNE

LIS, % agy = Ssin(1/2) (Ffi:m/s*) ,ay, =
Ssin(1/2) (FAAL:m/s”) , = FhA i 5 05 12 1 0 B
RN S K 3 ~8 iR

x5 BEESHHEE

Tab.5 Miss distance and interception time

4 BE % Fr NTSMG ASMTG ARSTG
(97, @™ ] /rad [ -m/2,0] i /m 1.78 1.03 0.53
[d,, dy] /rad [2sin(1/2), 2sin(1/2) ] frhtia)/s 14.47 13.58 12.40
Try s Tz 0.1,0.1

0.01, 0.01, 0.01, 0.01

T3y Tyy T7, Tg

1,0.5,1,0.5

{9 0y, ggp’ w,

R3 KHESFESH

Tab.3 Parameters of terminal guidance law

A S 28 Hfe
Cl,y Cy 3,3
NTSMG M, M, 10, 10
Pos Qo» Pos 4y 1.6,15,1.6, 8
Cry Gy, C 5,5,5
Cyy Cs, Co 5,5,5
ASMTG
ky, ks, ky, ke 6,2,6,2
Yos Bos Yer By 1.5,12,1.5,9
¢ 0
b,,d, 15,(m-5)/2 m=1,+9
€y €y C 1,5,5
ARSTG e e 15,5
Yos Bos Yer By 1.5, 10, 1.5, 10

/\la )\33 )l47 /\6 50,80,45,75

K 3 Dy Haz g ik, NTSMG  ASMTG 3l iE
il AR AL A 5 A, I R M il o B ] 482K, ARSTG
SUEPEL AR TR S AR ] 4 g
T O\ A AL, g1 T NTSMG (ASMTG 3 4
RIS RE , T BE WM E AR I AR B BRIk 5
KRS, ARSTG Jinid B2 AE 5 o e P B 3
PR ELA/]N, BAE AR BOBR SR R B, 185 JER 1
JEEF LA AR, NTSMG #E B AR L3h 4k
FI B UM 5 R AOBUE R E , S EAm S

wntse NTSMG

il ASMTG  wovwees ARSTG
K3 i HZ s

Fig.3 Trail of projectile and target
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Tab.6 Miss distance and interception time

I N NTSMG ASMTG ARSTG
i/ m 1.82 1.17 0.65
fi Hp A A]/s 14.83 13.89 12. 64

K9l Hig shhak, =& /T4 &
WHLBh BARAAR B, 45426 6 Al % ARSTG Yy
JI i /0N i v R () SR ZEFT LS AR K
il B H AT A A 1 10 A T s 1) n
JERYAE 4k, NTSMG ASMTG (il BE R4 A, D)
b 15 Z A E T BORHIR 5 kA, T2 5 3 3L
ARG KA, M ARSTG 3 1 F 3E I 5 A EH S 4L,
TN A AT 1, BG4 /N , 3K B MmO 45 5
ko 11 J/R T HEa S A B AR b 1 O
H AR A M HARHL8) 5505 T4, NTSMG 1y
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BRI 25 T 0 K BORE B (H A R I U &
A3t B i BN AR, 3 — i AT MAIE] 10
A il 1 ARSTG (AL EE S 40nT B & R L, 765 s
Je Re S R M AR R SICIR A, 38 WK A R B 1
75 PR fA R AETE A RIS ] ]IS B &, 6 g
% LA /)N 1 I8 08 o R0 0 =R <k AR R i b H o
B 1232 B T i1 1 MESO %o 550 M 75 B — 8
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Fig.9 Trail of projectile and target
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Tab.7 Miss distance and interception time
75 [De.@pl/rad  JiELE/m fi R/
@ [ -2w5,0] 0.75 12.84
@ [-w5,0] 0.64 12.49
@ [0, 0] 0.53 12.40
@ [n/5,0] 0.69 12.60
® [2n/5, 0] 0.78 12.93
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Fig. 17 Nonsingular terminal sliding mode s,
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