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Robust control for near space vehicles with input saturation

YANG Qing-yun’, CHEN Mou
(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 210016, China)

Abstract: An anti-windup robust control scheme is proposed for the near space vehicles (NSV) which are a class of
multi-input multi-output (MIMO) linear systems with input saturation, unknown external disturbances and parametric un-
certainties. The developed anti-windup control scheme is cooperated with disturbance observer to eliminate the effects
of input saturation, unknown external disturbances and parametric uncertainties. A disturbance observer is presented to
estimate the unknown disturbance generated by a linear exogenous system. Then, based on the output of the disturbance
observer, the anticipatory anti-windup compensator is developed and considered with the robust controller design to ensure
the stability of the close-loop system subject to unknown external disturbances, input saturation and parametric uncertain-
ties. The designed gain matrices of the disturbance observer, anti-windup compensator and robust controller are determined
by solving the linear matrix inequalities (LMIs). Finally, the proposed anti-windup robust control scheme is applied to the

NSV, and the effectiveness of this developed control scheme is illustrated by the simulation results.
Key words: near space vehicles; nonlinear control; input saturation; disturbance observer; robust control

1 5|5 (Introduction)

=¥ [8] AT 8% (near space vehicles, NSV) Xt F4&
GRATER, BT HAR UTRE . EE AT
A RE T SRRz B SRR, FR, BT
W73 (6] RAT 2% B 5 RFBR T T, R HE— 1A it
AT Z AR KA AT ZAESFERESE, I
545 35 2% [A) $AT 258 1 2% 10 3 vk B IR R Pk ik
PEB3E LA, 1528 8] AT S R R A O
BT RZNHFURR, 2Rt r3s 7N T35
AT R A B TR, AT A4S B A B I RAT A

Wik H #1: 2014—02—25; FH H#: 2014—09-23.
TIEAE1E# . E-mail: yang_980060@ 163.com; Tel.: +86 15195988236.

REDS1 SCHR [SI3R T — Al T HOM -0 I 25
WS MEAIE RITHE I N T ) AT S 2B R
BEVH. SCHR (613 T — PP T I sha SR AL =
[A] RAT A S A ERER P T V. SCHR (7198 8 T — Tl
ErI T PO I 2% B A e bk ) SO 2 R Sk, 3C
Bk (811X AT AR ML 3R J5 35t A AT 2 1) AT 4% (42 il i),
BEVH T AT LI DI ) 2 A R D) i DR 1 BE AR R 55
BRI R, BAREEXWINS VA R R HI AR Bt in)
E&BAT T KEVH, (BRI BTHRS ERA
PRRITA AL G Rz ) R A A e v IR Hh AR B

I B RBA LG T (61174102), TLIR4E AARRIAR S0 H (SBK20130033, SBK2011069), # A il £ 26610 H (20133218110013), VLI

NN H (2012-XXRI-010) % 5.

Supported by National Natural Science Foundation of China (61174102), Jiangsu Natural Science Foundation of China(SBK20130033, SBK2011069),
Specialized Research Fund for the Doctoral Program of Higher Education of China (20133218110013) and Six Categories of Summit Talents of

Jiangsu Province of China (2012-XXRJ-010).



1

Wi ias: AR RMKIE A AT a R 19

F 8, SRR RIS L RE, EE2HOA AR R G RIRE
PE. TR TNSVIE, HAA42 HIFEm A & ShHL i 7E
WL i F TR S5 TR 32 31— O BR 1. RIS,
PR A A AL MR 1k, ARG 2 P2y
GARME T IR M. K, BX— R AR R A\ MR )
MRS, Bk TR RE R BHE s 2 — TR A Hhik
HIRR MRS

IEAER, [ A3 B D A AN ) C 4
BEAT T KRBT, Fan 2 & gt st -0
TP A O R ) IEANARAR T AN AR
B EOAR IS, Horh, HUHAE VA EA — TR
A RAI A VAN DR T B, B8 TR ol
PUHAIE IR0 -2 BAR L HUAIAME SR BT,
FRAERE T ARAR R SR AR ST 2 a0t 2
5, R FLHG T BIRRAR R Gz A - ATV By
AN, FEAL S PUR A BT ik, — B
AEE NN, ST S0 R A AR, g dn
R,

w
— - —
r— | AW u T AN X . | %,
AL IE B[22 CEE 7
_f\ +
t FR
Mad

B 1 ARGt fI S ]
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Fig. 2 The architecture of delayed anti-windup control scheme
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control scheme
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Fig. 4 The integral architecture of anti-windup control scheme
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