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RMPC for constrained nonlinear systems based on interval arithmetic
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Abstract: Based on the interval analysis, a robust nonlinear model predictive control (RNMPC) strategy with extended
domain of attraction and reduced computation load is developed for a class of input-constrained and state-bounded uncertain
nonlinear systems. Firstly, based on set theory, an effective and low conservatism algorithm for the robust one-step set of
nonlinear systems is proposed with interval algorithm and interval extension of function in interval arithmetic. Secondly,
an overlapped robust control-invariant set sequence around equilibrium points is calculated. And then, the robust multi-
step sets of the robust control-invariant set sequence are calculated and used to design the robust nonlinear MPC based on
one-step online optimization. By employing the one-step optimization, this algorithm extends the domain of attraction.
Furthermore, the optimization function is simplex and the number of variable is reduced. Therefore, this algorithm reduces
the on-line computation load of nonlinear optimization. Finally, numerical simulation results validate the proposed method.
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z(k+1) = f(z(k),u(k)) +w(k), €]
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(Robust one set for nonlinear systems and
computation method)
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(Invariant approximations of the robust one step
set for nonlinear systems)
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LR AR,

Step3 1) MR Xp NN # SHXpNR2 # 2, 14
Kselect(U;) = {max(U;), mid(U;), min(U;) }, I
X g1 =0Of (X5, select (U;), Wrmax)» Xso = 0Of (X,
select(U;)) (F: select ()R m 1L £ pR £, mid ()3
ZREE).

- R A7 Aeselect (U i 15 X 51 C 2, Xgo C 12,
Hlaction = fdi\;

- 73], action = #¥4);

2) WMHRXp N2 = i Xp, N2 = Ekd > e, W
action = &3,

Step4 1) Wifaction = & 77, ¥ Z, WL J:pk;

2) i Raction =i A\, ¥ X, i AP (92), JF ¥ L
PR X; = XX RIREZ, = (X, U;) AL 2
S

3) ntftaction = $5455, HE—2L W

WA Sk, > oy, >|QIL':F'F)?§/|§5EX] = X, X
W REZ, = (X, Uy BEAT 555, BVRELeb o A7 3 2
X=X X R R8N (X1, Xj2) = bisect (X)),
IR (X1, Uj ) M( X2, U )AL

- W oy, > 0x,, (Ujr, Uje) = bisect(U;), 7 #
(X5, Uj) (X, Ujo) N L;

Step5 WAL = @, 85 9GEAR, & [H1 QAL E
Fe— PR IX M R R P(02), #EANT —2; F IR
[F]Step 1;

Step 6 R QM EHE—LEX K EP(02), K
FHIX R 53 22 [ ARGE IR RATH ST, 19 38—
L2 MR IR S (02).

E 1 TSR 14), A SIS RGAAE A R
T, AAFEVLEN T A A T INA R IR RS thT
KRR EH5E select (U )={max (U; ), mid (U ), min(U;) }
PR, R BEAN R O A A SR X, 5 H AR SR 22 AT
JCER, BEMTAAE AT 244N P(92), IXHERT LU IR0 5 98,
AR T SRS, BRI T RR S — DA

E 2 R, B AR R TR 2R TAE, W
RESSA 1A A 1R S0, JU)m LA BRIV E I OR,
SCHR (14196 A IR A AR U AT EAT DX TR 40, — R DX TRI 4 4 v]
I3 NPT R4 43 P8R o X iR 7 L
AN AR A T (4 DX TR (9 R =450, IR o Ak 7
T, Pt BRI 2 E R IIEARR 4, (H AR 350%
% MR TR 8T AR T R R UR 23 DX 0], IR 53 )7
n] DURR 4l 75 AT R 2 Lo, 0 dn B )2 0k AR %
HE LA R LB TR 4%, 110 20 2 2 1A R S0 1 b o4 AT
2 IR2: 3 LU A TR 4, X FPF 2 T i, AR i i o ik
P T A% ARSCET LG, RAPPHR ML, fEh HEH—

Hoo’

Pz SO = i N o NP ek == S = R
Hix2 THAERLAHRELERENEHREZ D
R R TE:
D 47 AR Q2N Z A%, WG QN EEZ
WS N QRN T 7t
D 4k =0, 55(2) = O
@ e P H
Ep(2) = E(Ek-1(92)); (6)
@ 2k =k+1,%k > NEE, (2)oW C o,
RS A R[E).
M
) #7 HAr8EA N Z HRERIFER = U 2,
j=1

e S IR IR
QUERE PR N
M M
s@=sUe=Us@) 0
QIEREZ VRN
M M

4 ETEEBE—DPENARELERGEEH
B RS TP #% HI(RNMPC based on robust
one step)

FINARAELVE RG Bl — D4R, Bk XU il
M, ] LAY R [k, 55—y 1, 7R X (Rl A, R
LN RGIX Iz H M is E A YK, fEZe s+ I
M. R MLV T S — AR ) US4 ) SR s,
RS IS, IR e LTt S

B3 ETaB—LEMNARLERZES
FEASI T4, ROSS-RNMPC.

D) By

Step1 X T TFIARARIELMERFQ), %8
SCHR [12] 7 V5V SAH L S | 7 i 38N~ 1 1 22 1

45 B0 A 9 BB -, Pl UL TR 3%
ﬁ%Kg‘QR’,.. 7K£’QRXj‘FjE@§'§/J\%$$Z(§E;%Qan’

@ tigs = U PLS = U (Ple 2r;
=0 =0
Step2 A TLACIEL b R A M A
L
515 = ) PRIV W5 S 50E, TS A

=0
PRGEOMEHE IR (S) = U ZV(P));
D) 7EgAiit.
Step 1 4ERIAIRE2(0), £k = 0;
Step 2 MRIGYHINZI R GRS 2 (k), Hr:
X TR 2 AR Lt R R Sa(k)e S, )=
min{i : z(k) € P! @ 20}, WsrHdlimA



738 oA Oy N A %31 %
u(k) = Ky Az (k) + us?, ©)  (OIHTRAEEE, nIfER ATl A u (k) R

TR TAREYE RS, Kb Az (k) = o (k) — 25 Flz(k),u(k)) € E™(PYye W, (13)
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f(x(k), u(k))TENPRPRRGHIRE, T a(k+ 1) =
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X= {(.Tl, xQ)T|0<3:1 < 1, 0<x2 < 64286},
U = {u|0 <u < 10}.
VA AR Hw, = 0.06 sin(0.17k),
wy = 0.4sin(0.27k).
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(Computation of robust terminal constrained set

(20)

and robust one step set)

FH X [AE AR RRS LR ALR, W[Y] =
(7, 2] % [z5, 23] % [ur,uf], [W] = [wy,w]] x
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Of(X, U W)=
X2+TSH3+,8U+W2 —
[y + T+ Pu 4w, x5+ Pu” +wy +T.115),
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Fig. 1 Robust control invariant sets and robust multiple set
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Fig. 2 The trajectory of system state
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Fig. 3 The trajectory of control input
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Fig. 4 State curves with difference initial states

52 BFIELHRGEERE DRI S
#5(RNMPC based on robust one step set)
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6 %51E(Conclusions)
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