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Design method of adaptive robust sliding mode for integrated guidance
and control with multiple constraints

JIANG Shang, TIAN Fuqing, SUN Shiyan, LIANG Weige

(Tnstitute of Weapons Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: During the terminal guidance stage of striking maneuvering targets, in order to make large caliber naval
gun guided projectiles meet multiple constraints of impact angle, line of sight (LOS) angle rate measurement
limitation, and actuator control saturation at the same time, an integrated guidance and control (IGC) method was
proposed based on adaptive robust control and sliding mode dynamic surface. First, the IGC design model of
projectile in vertical plane was constructed. Next, the extended state observer (ESO) was designed to quickly and
accurately estimate the LOS angle rate and unknown disturbances, such as target maneuvering. Then, a
nonsingular terminal sliding mode was designed based on adaptive exponential reaching law, so that LOS angle
tracking error and LOS angle rate could converge to zero in finite time. By combining adaptive robust terms, the
sliding mode dynamic surface and virtual control variable were constructed to stabilize the system and reduce the
chattering of variable structure terms. Furthermore, by designing an adaptive Nussbaum gain function, the
nonlinear problem of control saturation caused by canard deflection limitation was well compensated. On the basis of
the Lyapunov stability theory, the finite time convergence of terminal LOS angle tracking error and LOS angle rate
as well as the uniform ultimate boundedness of the system were proved. Simulation experiment shows that the
proposed design method can make naval gun guided projectiles possess well guidance performance while striking
targets with different maneuvering forms.
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Fig.1 Relative motion relationship of projectile and target
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Tab.3 Parameters of guidance and control

240 BE || B8 BE | % BE | 380 BE
Bai 10 [0 0. 050 s 0.10 Ty 0. 01
Bxn 60 T 0. 025 B 10 Ts 0.01
B 300 || o5 0.050| y 15| w10
B 10 Ty 0. 050 ky 0.5 My 10
B 60 os  0.050 &) 2 Ms 10
B 10 M2 0.10 3 3 K3 1
Bo 60 || mm  0.05 | e 3 K 1
Bs1 10 M3 0.10 Cs 2 Ks 1
Bs2 60 M4 0.10 T3 0.01
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Tab.4  Simulation results of operating condition 1

B Ik B E/m  AyhAtal/s AR fIRE/ ()
A ARSMDS 0.16 15.12 0.11
L7y 7
ADSC 0.49 15.47 0.43
ARSMDS 0.20 15.16 0.18
51 20%
ADSC 0.95 15.84 0.87
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SR I R BETE IR 3 (b) o, AR A 3 R
SR T ASDC K g A7 280 Hb Ak 38 R 0 T, T
ARSMDS ¥t ESO 5 & Hed AR 45 &, AR 1 s i
(I 5 A8 A I, A2 Ak i 0 P . IR 3 (e)
HRT DUE Y HEECA R 28 AR 34 5 3% ) Jon el AR 4
— 3, B T B 2 IER T, ASDC Z R sh S5
AR, I T RAE S R B IS, i ARSMDS
L ESO 5 E I A5 , 1 HE A 1Y 28 fb I 2
FRtE B/ SE B, A 22 T SRR 2 R AT,
FI3(d) w] A1, 38 & 5] A H & B Nussbaum bR %8,
ARSMDS A i A 31T 160 FR AR £ Pk 1) 8, 35 4 i
P T AEAIL, S il e DR A AL A SRR T A AN 3 K
Febn. LR A LR A ORI AR A AE DL & 3 (e) |
() fizs , 76 ARSMDS [ 45 T, ML £ 15 10 4k A1 ikt
RAT s JaRe e RIS  x, 5 x, £ FRET
] Wi 8%, ARSMDS i 8 # B fit T ASDC. 43 #r
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Fig.3 Simulation curves of operating condition 1
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Tab.5  Simulation results of operating condition 2

E=pi Fk BEEE/m o mrdEbE/s BehE MR/ ()
B ARSMDS  0.21 15.19 0.16
7Y 78
ADSC 0.65 15.52 0.56
ARSMDS  0.26 15.23 0.23
550 20%
ADSC 1.12 15.95 0.96
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Fig.4 Simulation curves of operating condition 2
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