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Abstract: Control performance always deteriorates because of the uncertainty in control systems. Adaptive control
and robust control are two different strategies against system uncertainties. Adaptive control decreases uncertainty through
updating model parameters without fully considering unmodeled dynamics, while the latter maintains control performance
under strong conservation by setting the upper bound of the uncertainty in systems. This work tries to combine robust
control and adaptive control, and presents a novel dual adaptive model predictive control with enhanced parameterizable
uncertainty of future. The uncertainty causing from unmodeled dynamics is parameterized, and the control performance is
enhanced by adding a constraint of parameterized uncertainty in the optimization problem with designing its upper bound.
This new approach optimizes model predictive control performance and decreases the effect of uncertainty at the same
time. Simulation result shows that compared with traditional adaptive model predictive control, our the approach costs less

control energy to achieve the same performance and is of better convergency.
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gramming, QCQP) 1] @, ILTE LA 3R M2 v # 4> )= B
AR FE, WGloMIQOHE!IT,
3.3 BRESGAFRHIBIT

AT L R B pa, (¢t + 1) BB BN
pub (t + D) ZIR RGESEAH AT E 1, Fr bl —FE
R L 15 B P 22 R A& B B pe (o > 0), WA 7 7
LI Q01N

t+Ne—1

S 5t (P(k+ 1)) < pe. 1)

k=t
XD ATPSIAESE R R T, RESHAC A
SEE—EH/A T pe.
AT DL S R B B BR L

P1, k=1,2,--  ty,
pun (k) = (22)
P2, k:tm+17tm+27"'7

Hrf:py > py > ONBERPIANHEEL k= 1T8EE
JSIMPCHIHIAEIS %1, ¢ JIBEE BRI 215 RO
FIRT IR S BOAN I HET, 7T REAEAE BRI 22, BT
PAIXAF 15 B RS £E 1 S MPCHE i) (1 57 b S hn 78
M R G5 B, SEOLE PRI HER, BB R EGL
ST, R AN S 1 1030 5 s BT SE /S, DASERIR K
PRI R SRR,
IIHTASTHR AN E TEZTH (201), 78 SRR

t+Ne—1

g(t): Z 6k ttr( (k+1))7t:1727377
(23)
A G s
EM1 4P(k+1)(k=t,t+1,--- ,t+N.—1)

KR 15e)(15OFR K]« k + 1aﬁlm#m Uy ZE R R
(i, F23) e S BR B g (1) 9 B ek B 5
SEFE 1R DB 5.
F o F AT, AN E S U R X (14)(19) B
TN R AR SR B 20 7 22 4 B AR 328 (R IR ASURIRE, X2 1D 213K
R B oS R M AR I 2 i g () 04T T 23K,
NNk > 1T, B g(k) < g(1), Bz, A g(k)
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< g(1) < pe. BT LAY RS 30 5 o8 Bt 58 SOp— A i
IR PR K, AT SEBRT Bk — OB A AR 5E PR
AT REREE R AT, el SR AR e SO e an i
BIEFA € (0,1], B

pub(k) = )‘kpcv k=1,2,3,---. (24)

A R]LE — B [ 545 LS AN 58 1 I 200, B2
ANl RE M bR BRI B — e FE AR A5 L H i — 2D
i, w4

>\ch7 k=1,2,--  ty,
pub(k) =
pub(tm)a k:tm+1)tm+2a

(25)

Bk R A H i SR A, B T TR 2 A
NREHER AT 2 P AN [F) 75 SR 1 B A, AU R
TFte.

4 PiER4EHR
4.1 WG ATHES T

SR T AT 28 (admissibility) 7] s F 7E
F3E Bz i U8 e B S0 (A A AE — R R
MR S 4, 2 S EN R R Hl 1 RE, Hodh— > g
(I8 3l A2 ZE R S A . AN S AN AT RPN — 5
Bt A0 = 0. 0 ROBEAL, 2y (t — ) (i = 1,2,

s ) I RE NORS, REHEA RIS FE
M Fut — )G = 1,2, ,n,) I REII N0, KRGt
A AT B Gt I MPCHR I 24 AN 2245 H AR 1)
FEHARN. BT ARG S EUG THI I8 G R )

BB FH P e il N 4 il 8 e 1 B R R
ROA] DA E RS A E 3E S MPC Ja) (12) H A 74T
. T ASCIRIN T SEACRH E ML R LR B
H & N MPCH ], 75 F & R4 il i i F v, Aef e v
BRI A 2 Bl o R USSR /I, o R I i ol P 4%
HA N L SR AR 2 A 42 i I R RO ;. T LALYOA:
WEAE F IS A FIRIG, ARG Tk i R4
TRAH, WA HIHHEMPC 1 o] AT 47
42 fiEER

ASCHHT BAR R G T S

y(t) =ay(t — 1)+ bu(t — 1) +ov(t), (26)
Hrpa £ 0HDb # 0. WA A&

o(t) = [y(®) u®)]", 0(t) = [a(t) b(®)]". @7)
R ZA%EE + LR Zaf H T
Gt +1]t) = a(t)y(t) + b(tyu(t) = @™ (H)0(t).
(28)
BRAERFIR A B, BT Ella = L1ICMRE R D),
b =1, BT ZEr = 0.01. My (0) = 1, 2t
W11 ~a(0) = —0.1, b(0) = —0.1, B i /h — 3k

H LRI AR 1 P(0) = 10731, £ MPC H #x B8 3 o B
w; =wy =1, N =10, %A i B 250008
Umin = —9, Umax = 9 Ymin = —10, Ymax = 10.

TS T E SN H IE N MPCS A SCRE X
EE A7 B 5258, 6 X HMPC A 8(20), A WTEUN, = 1,
& = 1; SR P 110 S sR A 3 (24) Fi s 11 B 1
16 Y R B, B\ = 0.999, p. = 1.4 x 1073, J5 31\ 5
Wizl SR B LK ST, p HIE.

{F FHMATLABSEZHL IR R 5%, H A MPC ) @
) SR f A5 FH | 28 1 AT Ak bR $ifmincon, % FH Bk
WAL L5, SRR IR IME (A ST N 4
P AT T AR e i R R IR AR o T LA
IR AL A, BT A 5 B 3 7E B B 1.7 GHz, Intel
Core i5 FIACFEES TN LT, 78 LIRNE e 0 s
Borh, B E PR & S MPC B S A S kA — ik
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IEEUAT S0 [ 38E A% Il 0 5 45 R4 EE,
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Fig. 3 Simulation results of dual adaptive MPC (solid line)
defined by (20) and the CE adaptive MPC (dotted

line) defined by (12)
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ERBHL, ay, b 53 MNASCHRIEEFRR T 24 a,
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Y7 R ZE 58 SRR
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Ey = Nowwn & y(t)%, (29a)
Bz — 3wy (29b)
! Nstep k=1 ’
1 Ngtep
E, = > (a(k) = ar)?, (29¢)
Nstep k=1
1 Ngtep .
Ey=5— X (0k) =) 299
step k=1

i EE R, Natep FTHUE 759 2 Z H9HR(E.
Pl an N H (ELAITE N I ZIHTE TS5 .

KIHN, = 1,6 = 1, FiEA Rk m il A= 17
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Fig. 4 Sensitivity of dual adaptive MPC defined by(20)(24)
with respect to the variance, r of stochastic noise
(The quantities Ey, Ey, F4 and EBare defined

in (29))
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Fig. 5 Sensitivity of dual adaptive MPC defined by (20)(24)
with respect to Ne in (23) when N = 10(The quanti-

ties By, Ey, E5 and E; are defined in (29))
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Fig. 6 Terminal values of identified parameters a¢, b; of dual

adaptive MPC defined by (20)(24) with respect to Ne
in (23)

5 HE5RE

A T BA W ZHATE T RS — Rt
8 i S MPCH2 i1l S35 3l i )] MPC ] R 5] A AN
TEVERZIHR, # & ) AR S B & N RIS A, R
I 5 58 T 4% Il R o 2 MO AN S 1 BLROR AR )
S ENE R R, Ao HoR R AR sl 5]
AN E TS BUL I T %, o e scgngn 1 AN
SE VELI AL F s B v I 1 A5 REBH], A
SRR GE I E VESE A G MPCERE, AT/
R HIIRFEIRS T S AR . D9 T IR A%
45 R A SCRR MR RN |t R S AT i

LT 1A E MRS B & RIMPC. BURAE 3 #r R W,
BRI R T G Ik, B RUTEM T
PAFAE — EREER A

ASCAE HE AR A SV AIMPCREIE A
AT b, AT 7OREE 8, AROR 75 56 I R T
SEAARHIIRAIE. BRIbZ Ab, BE R T ) S O\ S g
(single input single output) & 4t, HI&A X Z M\ 2 i
i (multiple input muitiple output) RGLIFATEH L LI
TG, FNEA TR S R SRR

SE Mk

[1] CHEN Hong. Model Predictive Control. Beijing: Beijing Science
Press, 2013.
(BRI, AR TR Jbat: AEREE A, 2013.)

[2] MESBAH A. Stochastic model predictive control with active uncer-

tainty learning: a survey on dual control. Annual Reviews in Control,
2018, 45: 107 - 117.

[3] XIE Lantao, XIE Lei, SU Hongye. A comparative study on algo-
rithms of robust and stochastic MPC for uncertain systems. Acta Au-
tomatica Sinica, 2017, 43(6): 969 — 992.

CHNIRYE, B, 7520k, ANHE RGNS 5 BEURY T s ) 5
HHLBII. AR, 2017, 43(6): 969 —992.)

[4] QIN Weiwei, MA Jianjun, LIU Gang, et al. Robust model-predictive-
control for a constrained nonlinear system with bounded disturbance.
Control Theory & Applications, 2011, 28(5): 709 — 714.

(Fffh, HRZE, XN, 5. —RTIE RLRAFLIE RGN B
FITIAE S, P ES 5N, 2011, 28(5): 709 — 714.)

[5] LIU Gang, QIN Weiwei, LIU Jieyu, et al. RMPC for constrained non-
linear systems based on interval arithmetic. Control Theory & Appli-
cations, 2014, 31(6): 735 — 740.

CRIRY, ZE6666, X, 5. B A IX ML RN RG B
BITRES]. B 58, 2014, 31(6): 735 - 740.)

[6] KIM T H, SUGIE T. Adaptive receding horizon predictive control
for constrained discrete-time linear systems with parameter uncer-
tainties. International Journal of Control, 2008, 81(1): 62 —73.

[71 MAYNE D Q. Model predictive control: recent developments and
future promise. Automatica, 2014, 50(12): 2967 — 2986.

[8] FELDBAUM A A. Dual-control theory (I-II). Automation and Re-
mote Control, 1960, 21: 1240 — 1249, 1453 — 1464.

[91 MARAFIOTI G, BITMEAD R R, HOVD M. Persistently exciting
model predictive control. International Journal of Adaptive Control
and Signal Process, 2014, 28(6): 536 — 552.

[10] ZACEKOVA E, PRIVARA S, PCOLKA M. Persistent excitation
condition within the dual control framework. Journal of Process Con-
trol, 2013, 23(9): 1270 — 1280.

[11] WANG Chao, ZHANG Shengxiu, QIN Weiwei, et al. Tube-reachable
set-based robust model predictive control with adaptive disturbances
boundaries. Control Theory & Applications, 2014, 31(1): 11 — 18.
(CEM, 5k, ZefiM, %, BA A GRS L5 N Tube PIA G &k
T, SIS SR, 2014, 31(1): 11 - 18.)

[12] HOUSKA B, TENLEN D, LOGIST F, et al. Self-reflective model
predictive control. STAM Journal on Control and Optimization, 2017,
55(5): 2959 —2980.

[13] FENG X, HOUSKA B. Real-time algorithm for self-reflective model
predictive control. Journal of Process Control, 2018, 65: 68 —77.

[14] HEIRUNG T A N, FOSS B, YDSITE B E. MPC-based dual control
with online experiment design. Journal of Process Control, 2015, 32:
64 —176.



1206 a5 MM 336 %

[15] ASTROM K J, WITTENMARK B. Adaptive Control. New York,
America: Dover Publications, 2008.

[16] HEIRUNG T A N, YDSITE B E, FOSS B. Dual adaptive model pre-
dictive control. Automatica, 2017, 80: 340 — 348.

[17] MISENER R, FLOUDAS C A. GloMIQO: global mixed-integer
quadratic optimizer. Journal of Global Optimization, 2013, 57(1): 3
-50.

[18] YDSITE B E. Certainty equivalence adaptive control: what’s new in
the gap. AIChE Symposium Series. New York: American Institute of
Chemical Engineers, 1997, 93(316): 9 —23.

Mz = 1 UEH
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(A6)
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