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Based on model predictive control theory and the analytic nonlinear model predictive control (NMPC), this

paper brings forward an analytic NMPC method for nonlinear systems with ill-defined relative degree. Under our method,

the system can be approximated to two linear systems in state spaces whose relative degrees are well-defined or ill-defined,

respectively. So the necessary conditions for the closed system’s stabilization are demonstrated. The non-switch analytic

NMPC controller is successfully demonstrated by simulation examples.
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N, = {z € R"| |L,L};*h(z)| < 0.001}

TR by (x) = 0 5 bo() # 0 Z AP HRABAEE 4
B, &R (21) Pyl NMPC
I

];pl _
o €N,
Ll ?h(z) "
kB,
u = bl (.’L')7
—b(z) £ \/ bi(z)? — 4bs(z)k P,
2b2($) ’
x € N, 2b|x,| > 0.01

z € N,,2b|z,| < 0.01

b py M py 23 HIA TR g o(x) —ya HIRT 4 ASH
i 5 MICE.

P BLSEE, WIUIRZS A S s, /NI TR) S 28 -1y
LB 0.2m, B3 A 4 (WL FH) 4 50 4 PRl 7
EERE 20 5 ag WY M 2 DL d A th 2 (V)
B AAEDI AR ST NMPC 78 B s 254730 Switch
ANMPC #1 Non-switch ANMPC). M& 3 W LLF&
t, REHERY LR, AR it NMPC



93] SRIEHRAE: —RARLNE R G AR DA AT AR T2 1) 5 VA 5 1155

0.3
------ Switch ANMPC
0.25 — Non-switch ANMPC
0.2 \//\V
0.15
£
~
= 0.1
0.05
0
-0.05
0 5 10 151
Time /s
(a) z1 MBI Lk
(a) The tracks of =1
WSro T = Switch ANMPC
3r ::"—Non-switch ANMPCH

Time /s

(b) =3 LI L2
(b) The tracks of z3
B3 UIREED e E T NMPC FERFF RS 21 A1 25 1
Bl ih 2k
Fig.3 The tracks of 1 and x3 when ball and
beam system are under switch and

non-switch analytic NMPC

TR RS N 2y TR, U D)fE
Bt NMPC fefli 2 4e A 58 00 e i me B kg 4K,
M s BB e n] WL, DI fEST NMPC R, R
AR K 45 A PR s 45 2, IX 78 SE B P & AN v BESE
BRIRT; AN 4 Fasil e i i 2 bt o] LU ) D14
fiE T NMPC 7 E R R K, X AR A
AT, ZE Bk, RV ST NMPC LE )4 fd A
NMPC [#i&E ).

4 P&

AN S TR TR RO 7 o) B O R R AN E
Rt R gt T FrARUIHN i NMPC £l
Wik, X Chen $2 H U1 Hefif Hr NMPC i 17
k. AE TN AL T 32 A AE T I 8] B 18
W BB B, AT BE D A S OGRS A

8000
7000
6000
5000
4000 |

=
3000
2000 |
1000

~1000

| - Switch ANMPCl

0 5 10 15
Time /s
(a) DIHART DL
(a) Under switch analytic NMPC

0.6

| — Non-swich ANMPC
04r 1

0271

-0.2 {
-0.4

-0.6 }

-0.8

Time /s
(b) AEVIHARHTHE DL
(b) Under non-switch analytic NMPC
Kl 4 DHEEDI L@ NMPC N ERIF R4 il
A £k
Fig.4 The tracks of control law when ball and
beam system are under switch and

non-switch analytic NMPC

i ALt R G AR VI A NMPC # il #e, Jf
HIEARDI e A NMPC 426100 5 72 R 28 =2 [ 3k 4T
DY B AT T2 IS VA L B R T AE AR
DIt NMPC il b, Gl AR AR AR e n] LUKy
VB 28 G0 A O Z J A s FANHA S 10 AN IR 24 72 1)
o E RS B — 1 o MERTE RS, M
A3 T AU e fift it NMPC 42 6l 4 741 R 2R 4 33
SE I B4 d B I A B (0 S8R, T
E T DI i NMPC ol HIPERR 22, 10 AR SCHe I
ARV fif A NMPC 45 1 A A 25 4 fif 4y L&
o,

References

1 Isidori A. Nonlinear Control Systems (Third Edition). New
York: Springer-Verlag, 1995

2 Hauser J, Sastry S, Kokotovic P. Nonlinear control via ap-
proximate input-output linearization: the ball and beam



1156 H

Z) e

34 %

10

11

example. IEEE Transactions on Automatic Control, 1992,
37(3): 392—398

Chen W H, Balance D J. On a switching control scheme for
nonlinear system with ill-defined relative degree. Systems
and Control Letters, 2002, 47(2): 159—166

Bryson A E, Ho Y C. Applied Optimal Control: Optimiza-
tion, Estimation, and Control. Washington D. C., USA:
John Wiley and Sons, 1975

Xi Yu-Geng, Geng Xiao-Jun, Chen Hong. Recent advances
in research on predictive control performance. Control The-
ory and Applications, 2000, 17(4): 469—475

(A, BRIGEAE, BRUL. SO mIvE G s noprdt . 428 it 5
i, 2000, 17(4): 469—475)

Mayne D Q, Michalska H. Receding horizon control of non-
linear systems. IEEE Transactions on Automatic Control,
1990, 35(7): 814—824

Mayne D Q, Michalska H. An implementable receding hori-
zon control for stabilization of nonlinear systems. In: Pro-
ceedings of the 29th IEEE Conference on Decision and Con-
trol. Hawaii, USA: IEEE, 1990. 3396—3397

Chen W H, Allegower F. A Quasi-infinite horizon nonlinear
model predictive control scheme with guaranteed stability.
Automatica, 1998, 34(10): 1205—1217

Chen W H. Analytic predictive controllers for nonlinear sys-
tems with ill-defined relative degree. IEE Proceedings Con-
trol Theory Application, 2001, 148(1): 9—16

Chen W H, Ballance D J, Reilly J O. Model predictive con-
trol of nonlinear systems: computational burden and sta-
bility. IEE Proceedings Control Theory Application, 2000,
147(4): 387—394

Chen W H, Balance D J, Gawthrop P J. Optimal control of
nonlinear systems: a predictive control approach. Automat-
ica, 2003, 39(4): 633—641

HER 2007 G F Il RAE B RN
PR B IRAF A 2 A7, Bk % T R
JBe A7 RO w B Ve v TR, SR
FUT ) AR R G B8 5 ik,
E-mail: guoyin-1983@163.com
(ZHANG Guo-Yin
master degree at the School of Informa-

Received his

tion Science and Technology, Sun Yat-
Sen University in 2007, and now an engineer of hardware
design at ZTE Telecommunication Equipment Corporation
Limited. His research interest covers nonlinear systems the-
ories and methods.)

B 8 Pl EERE LR B
B, BEWRTT AR R GRS
P ems, B2 AR AT S A R G AL
TAEIEE.

E-mail: issyz@mail.sysu.edu.cn
(YANG Zhi Professor at the School
of Information Science and Technology,

v}{‘i;?‘p) | ll\ %

interest covers modeling and control methods for complex

Sun Yat-Sen University. His research
systems, and development of biomedical signal processing
systems. Corresponding author of this paper.)

EHA L RE B HROR B
Pz, EEATIIT 0 RGPHR, R
H e 515 AL

E-mail: issthz@sysu.edu.cn

(TAN Hong-Zhou
the School of Information Science and

Professor at
Technology, Sun Yat-Sen University.

His research interest covers system
identification, design of integrate circuit, and signal pro-
cessing.)



