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Fig. 1. Nonlinear tracking differential game control

structure with CGPC corrector.

K1 T, TN I 3 ye () TR B Sk 0 22
it e(t, Ty, ) I TRIN I Sk sk bt -5 391 28 %t 22 Th)
I 225 Au(t) MR R R AMEE L. FoE
Rt y(t) el Es:, HHAERN SEBAEE, K
i A2 FE B[R] X SR 22, R CGPC Xt 4 T,
I 2 (38 B T 25 HUIRES y (¢, Tp) 5K H AR 73R
A ye(t, T,) W2 BT A M2 IE D9,

H1 T CGPC S i Tt o 55 DA 2% S i
55 K RO U I SO, DR S A A
1 Maclaurin ﬁ%&ziﬁ?ﬂ‘ﬁ R iJr%i'

+Z dtk k,, (10)
k
yelt, T <ﬁE+Zdﬁ@ﬂ,<m

K Y (¢, Ty,) JoiB A B4, kA A S
R, Ny AR K. 25 RIS POAAN 2 Kl 3 1)
FAAE, RGO EACE T . R E S
AT 2205 BRI S M N ye(t, Ty). A4
IS Z 4 S D9y (¢), D) 2 iy L A TR 0T 87 (1 4% 34
R

Ye(t,s) =

(12)

RN(s

Zn ~t s NLaplace T, ris N

f; E ; i Markov 250 200, B30 R R, 717
E
B DUE

v (t, Tp) = T, s, (13)

050501-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 5 (2018) 050501

T2 TNp
1T, P

p:

y YE = r[yE(t> -

yO), 7 = [ro 7 -+ TNP]%ZEQ ) Markov

28 RO T B 2 AT I %Ak B S
yi(t) = zpu 4+ yQ(t) #ox, FRAN (10) 15 5 &
S5 1 T, 0 B0 N g (8, Ty) = T, Zu +
T, YO. 55 R4 I U % 90 48 T it Y0 =
[0 2(t) - W%, W7, Z € RWethx(Netl)
A £ 4 Markov 2 U B, NoAEHIY k.
e(t,Tp) = y*(t,Tp) — yi(t, Tp), 5T & B ] HE
B8 FIFH CGPC S0t BLA I R 240 5 ) i ) S B
I R 9T GA I 2 R B AL, PEREFRFR

ta
Jy:/ eT(tan)Qe(tan)dt
ty

+p/02 I[Au(t,Tp)th, (14)

2ty g R N TR B AR, gy g A K T W BN
Qemmmﬁﬁiﬁ%m%%ﬂMﬂgﬂ

dkAu
Au(t +Tp) = Au +Z T k! ,
= — aJymln > 71 4H
B/METEREFRFR = 0, K15
Au(t) = K(yg — V), (15)

A

K=(Z'P,Z + \P.)"'Z" P,;
Py c 1{(ANP+1)><(]\/vp+1)7
to
P, = T}V“p Ty, dT,,
t1
PC c R(NC+1)X(NC+1)’

to—1t1
P = / Ty Ty, dTyp,
2 TNc
Ty, = [1 T, W}

4 KT8 BRI 4 B AL A
A5 K R A BI04 F — P 4 1
PR, K TFIBERMIARXBEZN X R TR A

{R = Va(pcosnr — cosna),

(16)
Rj = Va(psinnr —sinn,),

K Va5 Ve 2 A NBEE 2R RIS B AR R EE; R
5 Ry 5 A% 38 B A BE B AR [ na Sonr
NARHTH, nr = o1 — ¢, na = pa — ¢ p = Vi /Va;
oa 5 or 4 viE B g 0 AT AL Bh H b
Wim A, g5 qm M M M2 f . &

Vi = R, V, = Rg, Wax = [R Vg V] WIREME,
i (16) 2R FIH AL T 15
R Vg 00
Vil = |-VeVy/R|z+ |1 -1|u
Vi VZ/R 00
00 0
+ 10 0|v+|1]|w, (17)
1-1 1

K u = [ur uy]T, v = [vg vy|T 437 NIE BRI

HLBN H 038 P22 v A0 2 T 1) 5 W2 325 1] R 6 Bz 73

E. W2 FEANL RV e 428 1) IS 22 10 ¢ IS 22000 2 A 4%
BEOIRES 2(t) TR N

2(t) = 2™ () — (1) = Ritg,, (18)

At NIBBFK LRI H], ¢ NRIARMUATEE. BT
H AR AL AN TP RS2, A i 1 8 47 ) -1+
i VR M 20 50 O 4 o) %o 8 1 B ) AN o 1
TE I s A4 ) B AT A 1403 I, B iy T B 3
N8, WA RIS T A AT T SO S A2 A IR 1)
[E I, AN EEARZS 2% (¢ + ) RIS {E 2(t + 9)

R A
To ok ok

F(+8) =a )+ dﬁ,ﬁt)g, (19)
k=1 :

(4 6) = DB(t + 5+ Tp,t + )& (1 +5). (20)

5 RE B K H B BR 2R A H 2 DR R AT

5o B B I 0 5 00 24 3 5 AT i, B
D= ;22,ﬂ0%%%%%§%%ﬁﬁ.mw)

FATA5 24 ¢ I 2036 R 2 FL A T A T R Al o 3o 35
Az

u(t,z) = Pa [Na(t,z), 2(t + )]
= Na(t)Z(t +6)/6, (21)
X
Na(t) = b6a(e ™ —a+1)

3a3(e=20—1) — 6(2e22+1)—2a2+6a’

050501-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 5 (2018) 050501

a =4/t

TR B T LA R0 G 1 o o 53 503
AT S R4 T 22 (B GV LRI H A ) 92
RONFEER. MR BRI R T, PURRT-I0 . Sei
fFIRRIB R SRIE TR S A H AR AR, sk
AT ROB ER, K TR ER AR B Zh i 4R AT A1 T 5
FENBLED B AR AT SC 73R, T /K NI ERER 1
F7 3% B S 0 RRDE, KM B ERRHE H I e 512 Broed
LB A AR KN g B TR B RO

T n &1 2 s

AYA

K2 BSfREHNTE
Fig. 2. Beam configuration of underwater acoustic

homing device.
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Fig. 3. Optimal advance angle of acoustic homing tracker.
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Fig. 4. Variation trend of correlation output values
with time: (a) Variation trend of the optimal advance

angle; (b) variation trend of relative distance.
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gorithm; (b) GPC algorithm.
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Abstract

In order to overcome the difficulty in real-time effectively acquiring the target parameters of differential game
guidance in a complex underwater environment, the differential game guidance of underwater nonlinear tracking control
based on continuous time generalised predictive correction is proposed. Since the target parameter and the detection
precision are seriously affected by the acoustic homing device detection period, noise, and interference, it is easy to lose
or misjudge the target signal. Hence a combination of the dynamic tracking game model for differential games and the
acoustic homing detection method of underwater tracking is used for making the on-line prediction and compensation
correction to the deviation tendency of target manoeuvres deviating from the self-guided sound zero axis. This is
carried out by using a continuous time generalized predictive control algorithm, according to the discrepancy between
the predicted advance angle and the expected value. The manoeuvring target can then be located in the maximum
capture probability sector of the tracker device in real time. In order to solve the estimation difficulty problem of the
remaining time of the dynamic differential game antagonism, and improve the response speed and the control precision
of the system, the zero-efficiency control parameter and the predictive control algorithm are introduced to optimize
the differential game. In this way, the infinite time domain differential game can be transformed into a multiple-time
domain differential game with feedback correction. Through the complementing advantages of dynamic programming
and predictive optimization, the real-time compensation and correction to the interceptor differential game guidance is
realised, and the disadvantages of the differential game in the process constraints and stochastic disturbance are overcome.
In order to adjust the favourable advance angle of the self-guided detection rapidly, the learning prediction function of
rolling optimization feedback correction is adopted. The initial moment of the differential response is pushed forward
along with the entire forecast period by rolling optimization. To verify the validity of the algorithm, this is applied to
the underwater nonlinear tracking game, and the guidance performance is compared with the differential game guidance
and the integrated control algorithm of differential game and discrete predictive control. The results show that this
can achieve the optimum control of the high precision underwater manoeuvring target on-line tracking and prediction
correction with the detection mode limited in uncertain disturbances, because this is flexible in the choosing of sampling
time and does not need control weighting for non-minimum phase system. This can also solve the problem of the initial
bias and random disturbance taking into account the control constraints and interference suppression performance, and

can improve the robustness to environmental interference.

Keywords: continuous time generalized predictive control, tracking, differential game guidance,

compensated correction
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