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Double-speed-frame-based fast predictive control algorithm

WANG Xi, LI De-weif, XI Yu-geng

(Department of Automation, Shanghai Jiao Tong University, Shanghai 200240, China;
Key Laboratory of System Control and Information Processing, Ministry of Education, Shanghai 200240, China)

Abstract: The constrained model predictive control (MPC) is often with high computational complexity, there may not
be enough time to solve the optimization problem in a sampling period. To solve this problem, we propose a double-speed-
fame-based fast predictive control algorithm (DSF-MPC), in which the solving process of real-time control is decomposed
into two parts with high and low speeds. In every finite number of sampling periods, the low-speed part solves once the
MPC optimization problem to obtain the control value. In each sampling period, the fast part determines the real control
value by modifying the control value obtained from the low-speed part in the negative gradient direction of the objective
function, based on the difference between the feed-back information from the system and the predictive information from
the low speed part. Since this algorithm doesn’t solve the optimization problem in each sampling period, it not only meets
the real-time requirement of fast-speed system, but also inherits advantages of MPC. Simulation results of the system
model of DC motor with inverted pendulum show the effectiveness of this proposed algorithm and reflect its application

potentiality for fast systems.
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1 5|5 (Introduction)

A58 7R 5000 # il (model predictive control, MPC)
Bt 2 GitkRe, BOT BRI L R EERE Sy, 1)L
TAESRAE TP AR 21z BT, MPCHEHI 2R 7E 5
AN KA I ZI A EAE LR A PRI I A Ak [ R, A
F MU RN R, PLSEIRE L.
FHEC T Hoptdi Az 7735, IENIAAEMPCI# HI R A
—ERH AR FEI WG TR TR AR A s
brARGirh, ook a il v e, A AT 2 3G s il I <
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TR TR T R SEILRTE LR AL FIMPC D), 1%
T3 5 AE Ak B IR ) R R N KA i S 5 R B
Cagienard %5 A\ ) #% 8l & 11 Bt 2% #% (moving window
blocking)!®"! JLu% A (1) 3% -4 45 7K 0% (aggregation
strategy ) [ PR SV B0 JUAS KA B P9 1 42 1) i
W AR FME DA A AR B ) E EHEE, TR D 1
B, {UE E B R R 4, 15 ] R 2

W RGAFE . KouramasZ: N K324 MUK AT 7= Tl
T EAR S G, FETRIAES ] R O0AK 0] @7 /N
AR ROV, E LB A SRR T i 2 v v T
1743 fi%. FerreauMGiselsson% A& HF FH 2 1% CPU I
AT SEIL R QPR ffe 1121 327 ¥ X K HAS A 7 1) R
FREHE, (HEAEH T Al 248, RE LR Tk
—EFRRE AR T MPC IS P4 ) 5, (0 A TR AE
— N REE AN B IRIEE AR A, TTAE T &
AIMPCHTHE IR KR &R, Bk, 1X R T MPCAE S br
IS FH R AR R

AICEFRTMPCAE R AMACFERT K, 75 F- Lo POE R4t
2 RS SR J B PN TC2 58 i — IR QPR i, (R
F _E—IRQPR A &5 R b AT 45 ) 32> T B i A HER
0 T AL, R T R FH XL I 25 HE 4 %) el ol 42 o) 5
12:(DFS-MPC). 125 1 XU 2 S A S ) B
(SR E I3 Ad 2 P A I 18] R B kAT, 120 %8 = MPCH%
il LRI AT IR B, 7E 78 QP K AR IS L
T FOR L PR 2, RN IRPUIRZS SSME IR BT
HTIIQPR A PRk 22 22 ] DAG s 248 2 5 L R4 i &y
e, MHE RGN SRS 25 S B IR P il &, 4%
EIEJG YT B RIE A PR R, P At T 1%
AR A ) IR R Bl LSRR A7 IS 1OH MAT-
LABYj HL25 R, 25 FEF W, 0TI 18] Ho/ N ) B &
Gt, ASCEIE B IR 8BRS B 58 B— IR QPR g F
I8 7 1220 2, AT AT g U DRI QP K M4 N 1T =
FMPCHFAE LN F TP SR 41 ) 7.

AKILEERT: F27 N4 T MPCEZAR AL ) 3K
fif 7725 B3R G AR HE SR A% 0 AR, SE4
YR T 7E— M N 2R R BT 2R R S &
IR 5548 T ¥R EEH T4 Ak B
AR IR IMATLABA, B 45 B934T 718
O AT S A R A T AT BRI ST [h).
2 RGHiR (System description)

% 18 BRI TR BV AN 2R 4

{a:(k +1) = Az(k) + Bu(k),
y(k) = Cx(k),

Hrr: u(k) € R ORI, (k) € R™ RGN
RE, y(k) € R 2 RS 5HiH.

TEAT B Z K, 25 B0 22 it i M5 48 i) Ji Pt

ey

RGAKP A, N, A3 S A
B3, P =M, Hid AN, 2GR Kb 0 an
—F‘[|7]:
Y, = F,z(k) + G, Uy, )
Horpr:
Uy = (W (k|k), - ,u(k + N — 1]k))7,

CA
CA?
y — : ’
CAY
CB 0 - 0

CAB CB
: : 0
CAY'B CcAN2B ... CB

R Fu(k|k), - ulk + N — 1|k)2& 270 f
KBz T /E i, y(k +dk), i=1,---,
NZFRIRERT ZI Xk + a2 0 % H 000 5. 72 RIS Z),
MPC T AELSKAR LA b 1]

1 N
min J (k) = 5 2 ly(k -+ k) = w(k+ 1), +
1 N
5 2 lulh +i = 1R) s, +
1
5 ly(k+ NIk) —w(k+ N[} =

SI¥e Wil + ST
3)
st |y(k +1ilk),| < Yjmaxs =1, o,
lu(k +ilk),| < Umax, =1, , 04,
x(k+ilk)=Ax(k+i—1|k)+Bu(k+i—1lk),
y(k +ilk) =Czx(k+ilk),i=1,---,N,
z(k+ Nk) € X; = {z|Ex < f},
Hodr w(k +4) &k + 1 i %110 1128 B, W, =
[wT(k + 1)7 e 7’wT(k + N)]T’ yj,maleﬂ%j/l\iﬁﬂj
YU, g o WBININZIR, Q =diag{Qo, - -, Qo,
U+ QoI NiIRZEMFEFE, R = diag{ Ry, -+, Ro} N
PEHIBCGHE R, X N TISE e X 2 TR 4o AR 4. 7E
PR N LIRSS, A7 RS u = Hefk
UEIRASAREE R EAZ RN, FHE NS L 2R
1 GEMPCHETE 22 3R fif 10 J5(3) 753 31 1) 55 1442
BCAATEH B (k| k) ERTX 2, 2T Kzl
RUHZIE, BEHE Lk + LI ZIFQP I, WttiRshth
1k, SEiEMPCH .
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3 XUEZFEHEZ (Double speed framework)

RFT I TR HSER/N SRS 5 ) PR 3 8 CRAFEAI
R E T MPCSL it 4% ), MPCIIAE 2 Ak o] FE AT g 75
BZAKAEF AT (m N IEREE) A Re 5 s — R .

WME AR, BT SR mT, Bl kR 2T a1
BENAL Rk + mB ZI 4 B 58 K. LI, kI ZIFF 46T
HAARNMERE + mi 2 I m A6 & ROy 2m
Toshta i X, RG0S b st 3 h & Nk — mi ZI9F
GATHE I 213K HH AR DCE il 7 1.

kit %)
" T m BN
AR %
itk

k+m k+2m

kiom  CRGSEE ]
2 f TG,
Ink—mli %)
gl fcme ) k+3m k2m+N
bl (S5 BN N
Sz, Nk
% A Bhk+m
Z A H 5K L
ot =
—— DRk 0 R SR A R ——— i AR s R

Kl 1 DSF-MPCHIEMEI bRz &
Fig. 1 Control timing diagram of DSF-MPC

algorithm in slow time scale

FZIBAEGIMPC, 1EEIS 21, IR4E MRS 2 (k) ME
Bk, k4 m — T 2 8 ) a(k|k —
m), -, u(k +m — 1|k —m) Bk + mBF 2 PR
Sax(k +mlk); RIGETz(k + m|k)RILNE + mE]
k 4+ NI Z1 i 8 A6 i1 @ (3), 45 #lu(k + mlk),-- -,
u(k + N — 1|k). £k + m W%, FRDERE ST,

SR, #% BRI, kK +m, - BRI R
GESERR R ITIAN, B AR TR IE I ZI 1) &
GO B, FEBAA A B AR I 2 B S 21 [A) &
G F] R 52 3 140 S Rk I A R 3R 1 B ) T %
72, T b SET T IR A B 45 R, S BRI T
R

DYRERS bR 0], B2 43 J s i) A R U1
BRI I — AN SR L L PRI ) SR SRR B R
12 (1 2 2) T RS s il &, RI3G n— Aok 2
JERSEMEIEfE I

PR 2 DU A I A A5 B il By
#E, LR S AT R SE i for 5 BB IR AT AT
S, 2RIk + mIS ZI2k + 2m — 1IN ZIRE IR
T XA S5 MPC HIZEZR LA T SRS R
FRIAN 5] BT PN AS [ BRI T RUBE, MR AS [ 1) S 545
BRHEAT . 12 22 Dl T N i RS R 401 SEBRR
BTN, MR T, FEN — mA

A R, IEANPOERZ, P RN LT
Rl RGSLFORAS, FREE T Z0R A XS E T H
(A s ) B REAA I, SR 5 SR X .

kit 2, 18R 2 R F KRR + mEIk + NI ZIH
QP A, IR A m] LAIE T8 (k) Fikis % 3R 15 Ik Ek +
m ¥ B Tz (k 4+ m|k). PRiE R Z 4k & TMPC
TR SN S A IE R REAR, DL BT 2 IE A8 =
J2 T R 7 A, AH 5 4% GEMPCAN [A], N ££ I (8]
THPSE T B IE R, POl R Z R A K EQP,
TR ] 5 77 8 2O K%, T RE R SLPR
SMAAGFATFHRNGFE R L + N RS2 IE
=, W2,

|
k+m %) it %LLF:EI'_
EIF B =

|
s (lz |
kimiiity] S |
s i =
k+m+l k+2m kN
|
|
K+ 2m-1 %1 Fhti(==) m
5 .
eI k+2m-1 k+N
— FETREH& -—— B IE G s =

Kl 2 DSE-MPCHIERIPRI bR JZ 2 1 5 K]
Fig. 2 Controlling timing diagram of DSF-MPC

algorithm in fast time scale

I TR SR IMPC R A (1 72 72 B 1Y QP il 2, i
I8 SR CE IR ] DICR A HeAh 35095 ) SR e, A2 A

ST AL, DRI, I T B G R R SR S B
AT BET

4 SEBPE IER T B TH(Design the real-time
correction part)
4.1 DSF-MPCH%(DSF-MPC algorithm)

HRAE QPR i 25 (1 T 5 e g S HRod 22 J2 SEI 2 1E
HIRAE T, 7T 1 7 180 R FEMPCSE i — IR B
T B0 B, 1858 R EAERRm TN [FR A S5 -
REGPURZ R, 56 LAz il & (1 SLHE IR, SERHME IR
BRI ERE— I 2 DUEH = R R &
BT R IER, NRGSMPARAE K, 5% H bR
KT BE 7 0] S48 1) Jo 2 RS AR ) 7 1)V 94 IE 4%
il AT BE T [0, 73 AR B B AL AP KO EU A, PR i
SE P B AS IEAE Stz ).

I 18 SEI S IE 1) B SE G, 7Rk + m + i Z)
(™ YT Z 51858 R EMPCEGE — IR N KAl &
IR RG, o IEEEEHLO <@ < m — D) RGN
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B SEEPIRES AZ (K +m + 1), HLk + mZI TR
5 B ELEHE T Mk +m + i)k + NIEHE, 2
BT OB SERHE IR, & R SERASZ (k + m + i) 7]
REANSE TR TR I TR S 2 (k+m+ilk).
AL ZIAR T (k +m + ) FEHES— N+ m
il ZIFE -+ N ZI0F 0 e 2R 004k 1), 3%
TN CRTRTAR, K & 20 SRR IR i 20 AR 02, Fli
NLHREEN,):

minJ(k+m+1i) =

1
§’|n+m+i - Wk+m+i”Qk+m+i +

1 -
5 ’ ‘ Uk+m+i | ‘ Riymii —

1
2
1 _ .

§’|Fk+m+iw(k +m + l) +

’ ‘ Uk+m+i ’ ‘ Rytm+ti +

GrimtiUpimri—Witmtil @ mess “4)
st. Yipmyi € 2y, Upymyi € 2,
Hob: Upgon e e NI IEARIR, Vi ri= Frgmsr
Z(k+m+1i)+ GrimriUppmyi T 2(k+m+1)
Tk +m + i 2k + NSRS,
Upimyi = (@ (k+m+ilk +m+1i),
St (k+ N =1k +m+i))T,
Yiymes = (' (k+m+i+ 1k +m+1),
Yy (k+ Nk +m+1i)T,

Fiimyi = [(CA)T (c AN T,
Grim+i =
CB 0 -0
CAB CB
0

CAmefile CAmefifQB . CB

AR f5 A1 1 B 2020 A ) i iy BTG 3, 58
PR SET FULRAS, DUk a3 (4) 45 2 e i 25
TAEE + muth ZUARDCAL 1) RL(3) i 45 R AF B f A0 1
BEPS T RS E). B FEk+m+i) =
x(k + m+ i|k), WAL A& u(k +m 4 ), A
B IE. (B2 P9 AN, WAL 1) B ) AR U 4 5 U,
HOR R 4% ) B GL N Uy )RR 2, FE HAD N
AUk+m+z’ = Uk+m+i - Uk-‘rm-i-i’ %%ﬁéﬁ‘zﬂjAUlﬁmﬂ
X PEHIBAT R IE.

N T BEAT MBI, B e T Bz 204K i)
(4 TCLT R T A

UI:erJri =

T
(Gt iQrrm+iGrimi + Rigmei)

5 B H 338
G;cr—i-m—i-iQk—l-m—l-i :
(Wismsi — Frpmyi®(k +m 4 1)). &)

BU s R AL, W E R U R
M, ZU ., DEAATEN, W55 25 BN R 2ok
HMETER AU
1) AUy B TE B 0] 50 P REAR AR IR 7 [ 3E
17N, THET (k4 m 4 )0 AU s R 7 1)
BI(k+m+i)
aAUkerJri
Gyt iQurmtiFiymyi®(k +m +1) —
G i QurmtiWiimyi +
(G;f+m+iQk+m+in+m+i + Ryymyi) -
(Uk+myi + AUkymsi)- (6)
AUk+m+,Efﬁ?Tf§%ﬁ5ﬁﬁﬁ
AUli-&-m-&-i = AU, l

l
bpmti T Vmti* ogmrs =
oJ(k+m+1i) |

AU L — ma’“*”‘”‘ (7)
2) 5 i R R S AT L0, R (T i B —
x.
AU, .., = 0, #E GBI J7 A 48 2 — K, 3T
*/Fﬁy‘jammﬂ, Al
AU tmti =
Oék+m+iGg+m+iQk+m+iWk+m+i -
WtmtiRpsm+iUppmti —
ak+m+iG2‘+m+iQk+m+in+m+iUk+m+i -
Oék+m+iGg+m+iQk+m+iFk+m+@(k +m+i). (8
Lk 4+ m + i ZNEIET N s, B
Gz+m+iQk+m+in+m+i + Riimi

5800 LT (B -+ m + ) TR

H dk+m+i H

Fk+m+i =

()]

Ok tm+i,l = 37 .
dk m i(Fk+m+i)dk+m+i
+m+

(HEETAZE KB RIU, g TR R LI,
I e U,y 395 2 () R IFTA 2031, B
Gk+m+il?k+m+i >Y, — Fyymyi®(k+m+1i),
Gk+m+iUk+m+i <Y — Fk+m+i9_3(k +m+ i),
Ui < Upymyi < Upy,
(10)
Y. MY 2R G L NARE, U, UL ZRR
N b TR A0 BB EER RN

¢k+m+iAUk+m+i g !pk—&-m-&-i - ¢k+m+iUk+m+i~
(11)
PRI I A J2 3R 4T QP K AR T 4345 R )2 205K, T A
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TEk 4+ m + i 2, 35 RGBT AR SRR i 22 A K,
wk+m+i - ‘ﬁk+m+z‘Uk+m+i = (1)5% TL, ﬁ(ll)y ]
fife, 27 PRl SRS A IR S B Z A KT S BUCH,
VU368 3 8 0 L) RN R ERAF W AT AR 1 2 pmys =
wk+m+i - ¢k+m+iUk+m+is T

Aptm+i,2 =

‘QkerJri(j) .
45k+m+idk+m+i(J)| kmi@rtm+i(J) }
(12)

KA = 1,2, , L, LEAE Q24 4R

CEA R LR BT H AR R EUE N B 2 KR,
Wlovk tmi = min{ Qi mti1s Chrmi2 -

FEARRAN 2 1 I 2, Pk 2 R LB R + m +
PRI E + NBEAEIE G R &, RSN
H BRI XT &, SR JE W A IE 367 5 R AL i
fFasP R E R AR TS, LStBUEIERZREE .
TR UIEARER A O A 2 ) 5 B 0l S s e o4 1,
Rl 2 AR SRR IE J5 IR LU TR 2 R i o
L.

42 & T 2% F KIDSF-MPC(Box constraints in
DSF-MPC)

AR FRIRTE A 1) 8RR 2 N & 2 3 (box

constraints) | fi231:

min{ f(z)|l < x < u}, (13)
Hrp: e AR ZL R LRSS A R 4L, w, 15)
Ao B N R ) L ARG A s R
B RIS R 2 Se PR A e i FR R SRR T2
W HIRA ]

X RERANLIR, H&RZ)5 N LR 8 TR E
KAMZ5:, 4 FHMPCREA T 6l B =R g I7E L Ak
EF IS e AT T M 0 R 151D E 0 ]
FHIUEIETT A TATR, AR A& LR 0IA
FHRFE, B SRS HAZ IE 7 MAE Al AT 3 #5052, R
ST IR A 1T 1), PR 28 2 AT 4R 82 58 jlo) T
R HI R SEREIE.

1) FHEIETTIAd,,,,

TEk 4+ m + il Zl, %dk-;-m-m;ﬁﬁjﬁt, XFVe > 0,
3 €1,2, -, L HePrymri@iymri(5)> 2hymyi(5)-
RAMNLK, Py = (L, —I)T. T2, 1%
K3 TR, FEATAT RN TR d ey BRI s T
W HAR P MEIETT 7).

= R N ett H Hedy oy idppmyis IF
BHEDPES ST EE. F e me(f)>
€d§k+m+z‘dk+m+i<j), UlU é\d2+m+i(j) = dk+m+i(j);
7_E'QkerJri (j)<5¢k+m+idk+m+i (])v )ﬂ\u é\d;c-&-m-&-i (])
?ﬁj/@'egkarerid;c-&-m—&-i(j) = 2 mri(J)-

min{

3 GBS FIE FIAT I LG
Fig. 3 Negative gradient direction projected on feasible region
ATV, egmi AL T s TR, #
dlk+m+idk+m+i ) (14)

Aktm+i,l = 3T
A i Lirmrid kpmeri

RIEHIFRETARLAFRBRRED K. &
Proymtidy, () <O, XS T2 00 B, AFTXPK
fzek, S

AOptm+i,2 —
. Qk+m+i(j) ;
min{ < Primri@y i (5) > 0},
Bropmsily ()
j=1,2,---,L. (15)

w5, ﬂxak-&-m-&-i = min{ak+7n+i,17 ak+m+i,2}-

KATTNER R T AEGE T AT SEHE IR H
SRS AE 9 SUsRAS IR HI R R e
4.3 HESEP(Algorithm implementation)

RIS IE S K + m + BT 2B E + NIZIE)
P&, A2, AN EERAEN 2 G pmtis Fltmeis
Qk+m+i, Rk+m+¢$|ﬂ Xﬂ‘ﬂ:nz/l\ /ILJ]\, n/l\>{j(7§$ﬂno
/l\iﬁ"jh[j E‘J?ﬁé}‘f, Fk+m+iHHFk+mE@ﬁﬁno(N - m — Z)
ﬁf*@ﬁk, Gk+m+i HﬂGkerE(Jﬁﬁnino(N —m — Z)ﬁt*n
Hingne(N —m — ) FIF B, T Q ki P R i 73
MEQk s m M Ry KGN — m — i A TC R K.
Mt P2 5 B, A TR EHTRAL.

g: ERNA, FIH9YDSF-MPCHIZN T :

BT

D 2%Fy» Gy’ Fiinis Grym Q. R, Qs Ry

2) EIQGEQFy, G;FQGy—i-R, G;FQGyﬂIGEQWk
PA5E QPR A

3) KRGt iQutm+iGrimtitRismtis Progmeis
Gg+m+iQk+m+iFk+m+i$nG;cr+m+iQk+m+iWk+m+i (Z
=0, ,m— 1) DREBEEHEBIEE.

FEAAH A 7

PRI FRZE SEHEIE:

1) RECGEMPRESZ (K 4+ m + @), K H SRS
x(k +m+i|k) LB, A5, BREK A ES T
BT ERINGEN R, 2i i+ 1, 51, =
B, #2);
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%) WHEARBAMUY, ., Kot e o 15
AIATHN, A MK B P 35— A4 ) Bt i 2 e 4t
%, /?\UkerJri — ﬁk+m+i, 52:4), éﬂ”ig?’),

3) MG AR T ARIU k4 gei, TZES(O)IEAKR L
B IE AU (6 N & T 2 W 0] 8, W %
4275 AR SR ), SRR IE S R ) B 0
BIR, DUk tmyi < Ui F54);

4) #i% m = 0(HUEENO0), TR Z I b7 EMPC5E
0T 45 i) B A4k, B55) H A = 0, i < ¢ + 1,
1);

TGS A 2 SR AP QP 1] e

5) &k < k -+ m, ¥ARAL A 45 ) n) & A
k4 m 5 R PIIAR AN TR AR 2, PRI 2 ) SE
BIEREUL 1), 18I FRZH6);

6) FHLSIE & (k). Hih Aw(k) = @ (k) — o (k|
k—m)iED &4 & 1E B H %6 5 Slu(k|lk —m),
cu(k +m — 1k — m), B TEIE G 67 51
a(klk —m), -, a(k +m — 1|k — m)>K BCHTIAR
Zw(k + mlk), FIEET- % HR A AU EMPCS %
HUGR AR + mBSZI Bk + N ZI AL

VLB HEEISLbR R il REAAE B F R R, 12
AR E FIMPCETF G 1 QPR AT Je B IR P 7 2R
M Al e 21 (B56)28), 3 H FIFE T PR UEFE 18 13
RIZEF BRI ZI(k, k4 m, - - ), PRI Z 52
Praz il & S5 1 R R A T s i E—EL AR A L
BFCMANS, A& R I AT 2 i v .
4.4 tEHESIHT(Performance analysis)

DSF-MPCHZ: 1) 55 i P 32 B2 & PRI A J2 1) i
WHETE. 15k +m + i %1, S % U, RET
173 I BN, WSREXA U, BT BT R
WAL

% 1 DSF-MPC% M4 E 893+ H &
Table 1 Calculation complexity of real-time
correction in DSF-MPC

IEUEC 2N —m —4)?n? +2(N —m —i)n; — 1
P 2(N —m —i)nn+ 3(N —m —i)?n?
FRPV €4 (N —m—i)*n? -1

B SERHE TE T 505 408 O (N2), TiQPHi
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5 {iE45% (Simulation results)
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Fig. 4 Armature control DC motor structure diagram
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Fig. 5 Control results without noise and model mismatch
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Fig. 6 Control results with noise and model mismatch
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7 Control results with noise and model mismatch

when facing small deflection
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6 2518 (Conclusions)
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