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A Model Predictive Stackelberg Solution to Missile Guidance Problems

DU Linze, ZHOU Cong, LI Chaoyong
(College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: With the continuous enhancement of intelligence and maneuverability of tactical targets, traditional
open-loop guidance strategies represented by the proportional navigation guidance law could hardly meet the
tactical demands of the future high-maneuverability and intensive game competitive interception
confrontations. This paper, based on model predictive control and Stackelberg game theory, transforms the
guidance confrontation problem into a game optimization problem, thereby turning the generation of optimal
guidance commands into a rapid search for the game equilibrium point. Further, it introduces an active -set
method, which is compatible with the nonlinear dynamics of the missile-target model and process constraints.
This ensures that the game equilibrium point is reachable in a finite number of steps and guarantees the
timeliness of the commands. Simulation results show that compared to traditional guidance laws, this
guidance law can significantly improve the interception accuracy and success rates in intensive game
competitive scenarios.
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Table 1 Scenario setup of the intensive game competitive
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Table 2 Simulation results of the intensive game compet-

itive target

S MPSG PN

Jit 8 3t/ m 5.3853 14.693 8
Lt 2 /s 4.3816 4.374 1
SR /ms 65.603 8 1.1348

R EW, iR s BT iR SR AL B
H A5, A< 3 MPSG J7 36 2 80K BE L F 1% 58 PN 7
Peo HIE 2010 T SR TR E AR E P AR R 2
1 s N AR B L3l il T PN J7 v 19 5 3AS

— B#(MPSG)
- -- F3(PN)
— BAR(FEMPSG)
BARCFHEPN)
* PN E(FHMPSG)

7 000
6500
5000
£ 6000
BN 4000
5500 3000
N
5000 o)
600 _500 265 1000
=300 —209
-100 0
z/m 0 100
BT e F AR AL
Fig.1 Interception trajectory of the intensive game competi-
tive target
25
— B(MPSG) !
20} ==22 iy !
— AR(FHMPSG)
HAR(FHEPN) :
Lo S Buk el S :
Z 15 7 s !
K v/ \ )
bt < ’
7 10} N
i \
\
I N /
3 \
N
0 N .
0.0 05 1.0 1.5 2.0 2.5 3.0 35 40 45
{5 ERTE /s
K2 SRR H RS 2
Fig.2 Total overload curves of the intensive game competi-

tive target

0 = —

2 st

® — FH(MPSG)

A 10 — - BE(PN)

E | — BAR(F¥MPSG)
HAR(FHLPN)

10} =

72000705 1.0 1.5 20 2.5 3.0 35 40 45

DA /s
K3 SR H ARt 20 ik i 2
Fig.3 Overload component curves of the intensive game

competitive target

B A8, Hh B AR e 22 S OB A R
I MPSG J5 i 19 5 58 th T 2% 08 7 ad 20 FBR 5
S IEIR o B A AT I R R 245 B A/ B B
LiLYiig8



%13

FEARE 4 B PRI TN Stackelberg 3 DA T2 i1 5 58 ] 52 1 183

T MPSG J7 ik £ 8 H bR i, & v 0E
MPSG %32 3K i 0] 55 P1 Ay 2 AR 8k 5335 FH
SR fife 1] 8 P14 U 3k AR i (B) & SP L Yy~ 1 3% ARk
Ban i 4~6 FiR .

11

—_
(=]

ARG
N W R N 0 O

1

0005 10 1.5 20 2.5 3.0 3.5 40 45
{ERFE] /s

K4 SRR AR Pk A
Fig.4 Tteration count for P1 of the intensive game competi-

tive target

500
450
400
350
300
250
200

THEHFE / ms

150

100 F .

. ates BRI
CIRRRT e SR AT . N e EEe L, 68 e
50 B T R T L U

0040 05 1.0 1.5 20 25 3.0 3.5 40 45
P EAIE] /s
BI5 s fEgE H AR TR E]
Fig.5 Computation time of the intensive game competitive

target
45 ¢
40
35
30 -
25

20

PR R

15
10
5L

00.0 05 1.0 1.5 2.0 25 3.0 3.5 4.0 45
{5 ELRTIR] / s
6 5 T2 H bw A A SP 15 AR
Fig.6 Iteration count for SP1 of the intensive game compet-

itive target

ARG ERW] A K ZBUE BT, [0 P 1K fig
AL D T 4 R AR S8 B, IR SPL SR AL 55 1T
TR AR . M 2.6 ATA, 0] 8 SP1 R fig 1% 10 ik 5k
MmN, IR bR IS HLE, PN L E 3
TR, WT A MPSG 7 3 76 0] 8 SP1 Y K fiff i 78 rh
W A B AT A AL ST T OB AR e
it 4 24 5 i o7 T B A RORT AT SN . [T 5 0 5 1)
Y K K0 B MPSG 535 0l £ 100 ms DL N 58
B, A A A T R B RO i B C/C A+ 5 o 7
TS S T A R IR S A
.
2.2 EaBHREHES

s, HARiEAT L 8RN 2 8¢, I 24 3 s
(SR E AL 2h LA Il sk S 2 . g s AUE S R
3R

*3 EBRERFSERE

Table 3 Scenario setup of the non-intelligent target
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Table 4 Simulation results of the non-intelligent target
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Fig.7 Interception trajectory of the non-intelligent target
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