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ETILTBIFIE (MPC) (F. 1980 XML TOERFIEIZERIN TWSEELFIEFETT, <4
oa7OvyY Ot EREADE LIZHHEL, MPC OEAEEX. BBEOCMEFHEESFDOITIL
AA LAHAFHT T)r—2asIZHEDYDD2HYET , MPC TlE. A AFYRILBHEFHTS
ZANZEA MIMO) P RT LEJRSZENTED20. HlEHIL—TOEENEIRILSNET, =&
ZIE. PID #|fHZ AT MIMO YR T LDV MA—5—%RETLLSET DL, FlEHIL—TESLDIE
EWNBEKRETD-ORABINHELGEIEZENHYFET , 51T, MPC TIEAR, H A, BIUIKEE
[CEA T BHH9% /I ENTEE T, RIEDV AT LATIEEET REYBEMLFHIAHL-H. h
[FEELATY, &1 2 RLF21L—4%— (LQR) D&% MIMO HHTTIE, FlFZEBZIZIRSE
MTEFERA, Tz BB EDEREKITEEZS (THAI) IREIBLETFAILLEASHET LT, HEE
FHETEDAL. MPC OF|E®D 1 DTY, A HERELR DL, MPC AHIEHIX RELD VAT LD
NEFRETILEFEALTNS=HTY , 52, MPC TIHEFK. . &L EEZEELT. #HD
BMEREIET HIENTEET,

TlE. MPC [T EIT DR AAH D5, PID DESLEMEEDFEZEFSEBIIHDLDTLELEID,
MPC [ PID &IFXEAY, FlEFE DLW I —R A\ IFIEOT T ) r—ay  2FYFIEIL—T
DIEEREBNENT TVr—aoA0EAICIXREBAHYET . MPC ($F 54> T b HRE
R DRV DETERENEATEREELE T, EAMICIE. MPC DA IELTDEY
<Y (& 1),

1. BEALRTYTIZENT, VILNA—FHRFERBLBBEREET T5UMORKE, HA,
BUEE (MV) DHEROTSUIDF(FIHRZEELT, HIHER BUBEREE) R IXE
BA#ZR/MELET . RBILRBEDMHE (13RI 1) IZIGLT, MPC [X#RE SRR 1Toh
FY . B MPC TIE, HAOKE, BEEISHLT, 2AMNEKIE 2 XX THY .. REFRIE
TILERIKIE IR EGYFET , E#RFE MPC TIX. JRAMEE, MEFRIET L. RIREHLEN
£l S I2ADK 3 28

2. BBEIEICKY, IBESNE-FARXRMIZEY MV EMEDRRIINBELTEHESNET , Th(IE
IW—THEHELTHESINET (IR 2),

3. avbA—5—I[&. COBRID 1 RTYTED MV SMEDHES AT LIZEAL ., BYIXERAL
FHA (/AR 3)o MPC HY, T4—F/\W O HlEHIEAEIND DL, RBEHIEHEELXETE T H7-
DIZTSURDIRIEDIRED B ELLEZMDTY  IRE(, BIZAIE., HBLE, AL TAILE
—HEDKREHERICE>TEYICHELET,

4. ZDH. ROBEBRATYIEL I, BEDKREDFREIELET (IR 4), oD FIE
#=RYURLET,

MPC (&, BEIZEBIZON TFRARBOHmMARL ICERIBLTLS KSR Z 5=, Receding

Horizon #lfHIEEFEEN TLVET,
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/ \ /Solve optimization problem in step k\

PAST FUTURE
—

. . . . -—
Define/update optimization problem L3
g 2t solution at previous time step
Minimize Cost function - g 1
subject to ‘_§ o
c
g
o

Input, output and state constraints

-2t solution from
two time steps ago

=~ curre S
prediction horizon p
-3

1 k2 k-1 k1 ktp
> 2
K prediction sample time

1 !

/ Shift time horizon k « k + 1 \ m\pply first move of open-loop controm

Get new state feedback
PAST FUTURE

[ first move from previous time step

[ ]

first move from
-1 two time steps ago|

o = N oW

2r |

—_—
—
Closed-loop control

-3

k-2 k-1 k k+1 - k+p
4 -
control sample time 3

1.MPC D{t#E#

MPC (##R2E - (XIERR) (LERETT A LTELDEREAHYVET , TN IETZBELHEBDEHE
EETLHO BRIV NO—S—DERTREICDHELE T, HADREBELTIE., =X L.
TSUMDEAFIHZARLHIEB IS =@ 8% MPC DA 7 #&:&. ETIIVEHEDER. D
WE N—F2z7/1V 72z 7 DFHIRIZEDGEYE MPC DREHLRENBITONET, CDHRTA+
R—=/\—TlF., BHEFIVIEER MPC O bO—5—DRITEEICHEF 52 KT LOEIREZE
F & 8. Model Predictive Control Toolbox™ % LT MPC O MA—S5—%5&EETT5=6HD
EVRERTEXFBRIELTLET LD L L3 TIE, FHIZERLAVLRY, MPC 274—F/\y
9 (BRIL—7) @RS A ECEAEZ U TTVEET, T —R N\ I HIEHNAETEER LD
RELGEEEZZ(T51-60TI ., EFE. Model Predictive Control Toolbox &, BIL—F D7 T4 —
LAy BERBIEEMEE) ITHERTLHIENTEEYT, uEmELIZH, CORTAR—/—
TEREATHNEYID ELEBEHAT HIENTEET M. BBBEIL(E. BEA TSA TITHN D,
HAENIENL—FTEITEIND=O., T4—F/\vOHIEHRMEIZERENFRINLEVMGENIFEA
ETY,
LIBDOEY2a0TlE K 2 DESIZHEEESN . MPCaVO—5—5FRILTEzODUTD 3 D
DHEITONTHEALTLEET

«  MPC BREICH L TEYZ/ NS A—F—(EFEIRT D,

o WENEVIIN—EVIIN—F T3 %8RG B,

s FERELEETD,
$ELELT.MPC OV MA—5—DAEVEREEZ/INSKTD=ODHARSAEBELET,
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MPC RBIfEICH L CEY /S A—2—{EERIRT S

#27 MPC. JEfR2 MPC IZhDvh 5T, BN ERRH/N\SA—E—([FEEMIZRLTT . 2Dt
9233 Tl MPC BIED FE /T A—2—FWMY LI, Fhioh MPC bt AEDHESICE
DESIEETHIEHRBALET,

> 7 )V B

HUTLEBMEET LT AHEO EELMETHY ., TR TILEBESHEY L TILERD 2D
129 B EMTEET, MPC BIEE RS BHEIC. TR T ILBSRIE S~ 7L B RIAE LS
1BESITHEL. 1 DDTA—A—ELTRSITEMNBLDTTH, 0 2 DERRIL, HEEIZED
FILEBEER DN ENHLIFEETY,

FATs

FRlTs (X AEBFRAETILOYUTILERTY . ChIFFFRRTYTOH U TILERZE EEL.
EFRHRTYIDM, $RTH MV EE—EITRI=NET (B 1 D/3RIL 2), ERMICIE, FRIY
DT IVERREA, ERRIRE AT EIED ERERELE S, FAKRTAZXY (RDEV a0 THAL
F9) EFRYUTILBREOEN. AU A—5—DFARMELYET, 2FY, avrA—F—hAEN
EITEDREETFRLTOSNERLET , FRIRME SHIEMEREICHET 510, TRV TILE
MEFRIRSA A VIFEISRESNET

Fill Ts OLERIE. TUMDFT A FIOREHBEERFHICK > TRESNE T 1z&A L. FBl Ts
NREVEE. FAIL—TDRLELE TSV ELRELSE LD+ 2L FHIEFHIENF LN LG
ERHYET . — A, Filll Ts H/hSGSE. FRIREZ—EITRDIZOIZFRIRSA XU ERILA
FHIERYEL A, =1L, FRIRSAZX D03 THRELTWSEBY., FTRIRSA XA KEL
BAHEREIL B DREEZHOCHITIEHEIBZ D10, FEREMEHIKREC AT EREHEM
LEI) EHICHYFET . BERAELT, FIL—TRATYIEDILS ENYERBINT MV BIEA

10 ~ 20 RT7TYTERBESITHHELET,

i Ts

H{E Ts (. MPC 2> hA—5—DH U T ILEFEIERELE T, 2FY . MPC &i#E b BN EITH
[CEDLKLVDIEETEININETEELET (B 1 D/ARIL 3), HlEY U TILERILES. FAY
DTNBEFRIEZE LD ISINTEIRLET O, KYRGED KSR ETHILETEFET (BULTEE
HA)o EYINSIEHEIE Ts ZRET HE. —MRAIICIHEEE (BHIE) EO/NAME (54 RBOAIHE
R) BHHEEM LELET, =, HlH Ts AVNSEBIZONT, AESFRETILERED TS
EDETIVERZELE D REGHNELICH T HIFIZRAR LL. HDEATIEITEITHELIDM—
AREOTY , EHMICIE, REBEOZELIZHL TV MA—5—N K YESRIG TED KT DT-HIR(Z
MEOTWBEWNRET, REN LR ISET B HIEH > FILEEREIDEIL . —iBRIC TS DN
[TIKFELET . =EAIE A FSORMNENTOERTIE, T—2—FHIHO LS55 E LT T)r—3
DEIFERY . FEHY O TILEBENSKLTEENIZEA)VNEHYE A,
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[FAF-B X, BENDONRMNIEGEAROTOMAEL T NITZA BV ) 21—
AVEELTWELz, avba—5—FAF Ea—FERKIZ(E Simulink ZH# AL .
BAREZEDEENMEIZIZ MATLAB 2R3 A2 E&EROHELT=, |

— Alan Mond, Voyage

f=12L. HlfEH> TILEEREIA NS S E . MPC RELEE K YUSERICHRC LTS8, ST EE
MRIZIZIEILET , CD=0. HREEH BB DINSURELEBIENTELLYET, S TIL
BEZRET 5012, AT, ZHEHENBONDIIIGT I LY TEDENIY FMO—5—
(I Ts ZREDHIZEY, Tl Ts EFLLT D) ETRAMLET, RIZ, #ilfEl Ts Z/h&KL., avbA—
S—DETEMEE=ZS—LET, UTIIIALT7TVr—aoDBE. BEDTSUEMESHEDE
LT BT TRAPRNICREIEDFERIZE T T5DTHNIL, HlfE Ts ZE5I2/NEKTBHIE
MTEET, FEMITOVTIERD I3V THELET A, RERERDIT5-HITHERY JL/N—
D REBEZETFTRT 5HED L0, REILEBOEREREFERTHET. HliHE Ts DA
MNBSITHYET , MPC OV bA—5—hAER TES&/NDFIE Ts (TP AT LITIKEL. (VT ILAE
A L) N—FITT7RL2aL—230TIYRI+—LICK>TELGHILEITBELTIZEL,

Ek
FREERBZE/NSKT O, TR Ts EHIH Ts (F, FIEERZFE =T LIS+ PSK(F=FZL, IhE
TELGVKIID)ERLETS,

MPC ZEEIZRITSE SO, FBll Ts AHIE Ts KYKREHHEIIGEIRT S LERFALET S
ChITE- T, RBELREEEE Y 4 X (THIR | GlY T ILER &Y ERRIT B LIITLES,

BEElg#R
YT IVEROREVS
T WEA LBIRTOY TV TL—h

FRIKRIA XY

FRIRSA X p 1. MV 21T BEEIZ. MPC O kO—5—M (RE TSV M ETILEFERL Q)
FRT BEREDHIEA L A—/NILDRATYTHTT , KHlEA 52—V DRSIE, FRYUTIL
BRIk > TRFVET , LD YU TILEREIDERBAERFRIZ, FTRIRSA XV DEIRIEITSU R
AFEORDEFEITIRTFLET , p DFRFAEZICEHT 2L T R ELDID AT LOFHIXME
(p &EFBITs DFE) DEHERI-IILTT . BE. BT A FTIVRDURTLTIE, BIEEH MV
MARMEOHE HIZEZ D885 MPC avbA—5—N+2IZFBITER L5112, RLFAIRMEZE
WMBELET, COXIIZ, FRIRSAXY p EF8 Ts DfEIE. HEEKRZFZICEARLTULET,
LML, p DENKELGDE, BEILREIEOIRE ZHOHKIEHHNZ Y GEED HFISEHE EH]

HAB—/ LT EITHET-T RENHD). FRED YA XANKELGYES , Ff-. MPC R#ELE-ED
ZLDTFIDORTTIE p (TLLBIL EGERAICOVTIIRZSH), RITRBNRGY . AT EREBE
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MUET, #&F MPC 2HlIC&dE MV DA EREILT HI5E (IRKEBOENDLEHTHREILT HI5E
EIFEGY), REEHDOBEIL p &MV OEDIEELY. (p &MV ODEDFE) x (p & MV OEDIR)
ANTUTHINEHEINET , BERIC. MV FIFIDEIL. 2p EMV DFHDETT , —ARRIIZ, TR
SARVERBLTCAVIA—5—% BT HLIETNIEEHYVEE A p £ Ts PBIX. avbA—F
—ZAHEEIZL. HFERCEBEETLZERHIZFALTEBEENRNDLSLEIZTEIHEMN
HYFET ., child, p & Ts DEEFRIIN—TATYTIEEDIS ENYERE., HBL L. BER SR
EFHIN—FBESITRIRTBHET, ERESNBZEAHYET, LLTSUMDBIIL—TFRLRELES.
TSURDRAN—TRTYTIEEDFEET 5=, pEHEYRELELILIITEE A,

BlEAWN=FRIARSA XL, HifE Ts, FR Ts DLLE

ZFELOFAIRRME (p EFB Ts ORR) AN 1 BT HED/N—FYz7 L TE—O MPC HiE{b &
ZRR=HDFIYRITHRED (REMD) B TVDERELEFT

r—2R 1: p=10 T, ETHEMA 1 ms THAHAZEND DO TS ELET, FARXMA 1 B DIHE.
Fil Ts (& 100 ms [Z7EYFET, Tl Ts (FHRETHBLVERZVOT, IV MA—F—(FF—/—
S T BIERN—FIIT7 L TEITTEHIENTEET, MREERET H1-HIZ. 1 kHz XHTH

NI, #lfE Ts ZF 8 Ts KYELERIZTTHIENTEET,

r—2R 2: p=25 T, ETHRHIN 40 ms THAZEND IO TWSELFET, FRAIRREA 1 M DIEE.
FBI Ts (& 40 ms IZIEYFET , Filll Ts [FEEITHRBIZFELLO T, Shdi/\—Foz7 ETavkAa
—5—%F— NS FBELHCETESELEOIFERATELR/IDFTA Ts (F=IXEKRDF AR
SARXY p) EBYFET, FlfE Ts 3 40 ms kY /INSKT BT EETEZ A,

LEEROVTIDT—RLRVNVERENGEONDIGES. EL0E BRI NETLEIMN, 7—RIZE2TH
ERYUFTH, p ENKREVFEAE)ERENKELE-0, A EVRENRON TS /N—FTT
TTIE 7—R 1 DAMNEFELLTLED,

Ek

FRIRSA XA KRECGDE, AV POA—F— XKD AR UMLKY EFEICFRIL, HEITHIENTEE
I, A5 —DFEREEATIEREMEMLET.

EEI5H

ETILFRa PO —Z5—DEKET AL (3:00)

CE I e e

HIEARZA XY m (&, A 2—/VL k TR#BIESN D MV BERTYTOHTHY. 1 EFRIHRD
A X p DEDIEZEEYET (Model Predictive Control Toolbox Tl BEE DFIEHASA X D&
LTm=2%RALEY), BEZHI LI, FIEARSA X DERTYT T MPC # BIL—THIH)
DEIRESNET (B 3), THDE. FlHA DOEOHEARSA X OEICSHL T, VILN—THK
BILTBEHRDOBIMEMLET, 2EZE MV ODANRELEH THIEE (RiElb VL \—toP3
VER), RBELERORKIE m EMV DHDFELGYET  KELREEHMELTEENSHE (RN
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—ZEMEDERILLE), RBELTHOHE. m &MV DEBDIEE p LREOHDIEOTELY
F9,.MPC TlE. mZEDELSITEINLTH, A bO—5—DEEDEEIZIEX. MPC D 1 AT
TED MV BEOHAEFERAL (DFY. RSAXVDRIDH) . TNRLUSMIBEEINET , EREIC,
FIEARSA XA KREWNFEE  ZBELRIBEE B DIZEBAIMNY, OV kO—F—HBRRDA 52—/
WITHELHEEICEESNDEBN ZLEHIEITHYET,

Prediction Time - k

3.m=2.p=7 DIFADAE—\IL k [ZF1T2 MPC £2 (BRIL—TH1) D5l

Evk

m<<p &ERT B&. BRI A 2—/ NIV TREBEILT H2EHHDELGEH1=0, FHEOEHEIEARESL
F9.

BT

FRARSAZXL DEVS
HlEHEZA XL DEVH

BEEHIOvXYT

EIEZH T O00F 2O, FIHRSA XD DBRIZRHZED T, ELDOA) I HYET  BELEH
TavF T, HERSA X ERAAT—ETIEE T 5K 0YICTAYIH A XDRINLTIEET 5
ZET, FRAIRSA R E—ED T OV IRRIZHEILE S, TAvIH A XD EEHE. FRIASAX
Vp E—BLETNIEBYVERA, CRITKY BELL MV BIMERTYTDOEZTTEL & MV Bl
ERTYTDORS (FAVUTILEREOER) LIBETHIENTEET X 4 (&, Hl#HHRSA4X

> m=[23 2], FRIHRTAXY p=7 DFEDREEEHTOVFL T OHlIERLTOET,
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4.m=[2 3 2], p=7 DHZE DR k 2575 MPC f#

Exk

HEARZA X O ZERRRIC REERT OVX LT TIE, BR#IE1 22— ILICHIFEREFHDH
FIEET SN TESM, 5IEDEFEIIZDHHYET,

#izlg
BEEMD Oy

LESES oS

FNZHA &SI, MPC [FBZA LR T YT THIFTERBELEEEREET, —MRAIC, FIFEH
DML WNEE, MBOEMESAEL. AL DICHRMSDIAYET, FHRIRM L. FFR TR HIEID
EHZEHIRY 5=, RITAAIREMRE (BAFELLZVERE) ITEETDHIRIZEB/OHFET , Hilf%E
HOREVER/NRICTSHILET, RBEILEEZ I EICBEENTEET,

Model Predictive Control Toolbox Tl&. /\—F#FlfIEVTMHFIDEAZEEEL T, B LEIEE
EFTHIENTEET , N—FHIFIEEERISH SN B INIELRYEREAD., VIMIKIEBEICEL
TERTDHIELLHFRINET , N\—FHIKIEEE. VINMIKNEIEELGY ., FRBEOEMEHERT S
128, RBIETOLADURICEHRNAINYET, HlFIH MV OEEDAHTHNIK. ZhE/ \—FHl
WIZTBHIENTEET . MV DEFE DA THALIE, EITAAEELRMEIEFKELFE A HEH MV
FILEDHEDHDBELRERTYT, =1L, MV OEEE MV T EDEHFEE B/ \—FHIH
(2T 5L, FIFBLORRBEELY ., RITAAEEITEDAREEAHYET , TN ELDEEEZ (T
PP HADN—FHIF, HBLIE. ABTEEDN—FHIESTIHEELEETT, RAIELT,
AIRELERRY Y T M Il#E U E T,
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HFID T D7, FIREAR R Y N—FHIFI TIH <Y T MR ZBIRLE T,
&5

###2 MPC D $5

JE#R 2 MPC D iy

ke )|

RITR/NTGA—S—

Model Predictive Control Toolbox Tld. MPC fERED HA4FTE DX EH/ \TA—2—ZEITHRIZEIL
SEBIENTEET LA, ARMEBMDEAZRES 51202, A bO—F—FEMES B LA S,
EFRRTYTICTHLCEAEEILSE T ATIAVFREF VAU TEBETHIENTEET,
BRI, SR RIS A X OFRIRSA XUERABLEY., ERRZTSUMDA A FIHAN
TAELIGRIZ. CNODINSA—E—5 AU SAUTREBLIYTHIELTEET . T BEEHD
EICR T 2012, =2 L FIHNEHEDO L TREZSEDIEBHETT , BITHD/N\SA—4
—ARIFKRIZES>TEEATI N BHELNEL WELGHEENBZASAREELAHYET Lz
MoT, MRELHEBEENINSURELEDIENEELLYET,

Evk

BAALATY T TRELGFTERHEINHT 51202, BT/ NSA—F—DOEBRIHZEDVLELET,
B ZI5E

ETHOEAHDFHE

EITEOHKDEH

ETRORTIA X DFHE

JE#R 2 MPC D FIFIDIETE

BYIEILIN—E IWIN—A T3V EBIRT S

MPC D& IZHIERE L ICKREIKRTFT HFETIL BEIZVIN—EVIILN—REEERTEHE
PEREIZKRECEELF T, 1-EZRIL MPC /35 A—3— Dty b THHTH, FYRLWVILNA—FER
ZET, KYBRSEDNBFONDABEELSHYET , CD Va2 Tl Model Predictive Control
Toolbox TRHIFATEAIEI TRV ILN—FTav b VILNA—DFRIZEAHL T, KU REBEE B
f=HDEVREBNALET,
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MPC ##R$ 57 FT)7r—arTlE V7 LA LIZREILEEITT 5012, REOSELVWILA
—ROONFT , — ARG EH(CIE, ETHRE. ATUERE. FBE. ONAMELGELHY
F9, WLV ILN—EERT HTET. MPC DD NGA—2—EERBLGLKTH, EITHRZ KR
[CEMECELAREEIHYET,

VILN—DORIZIE, HEY Y TILERI AR ABYBRENRONF=UTILELL T r—a @
[FIZEEL TR SN2 ORBHYET, NS IFTHARAF IV ILIN—EFE(EN, KELLTD 2 DI
NEINFET,

« FRTBTILTIVAL B BEDHEIEE. AEE, IRRTT500 B%)
. THIORIS—RE BB B, B

Model Predictive Control Toolbox Tl&, EJLR > DYV IILIN—0H—R/I\—F4—Y— )LEDEHE
[2&kY., ZGER/IN—R) PER(R/I—R) DERLICEDEDHIFECAREEZFBATEET (R D).
YILN—=DT LTV LPERLFETHEITGDT—RETNIFEHYFEH AN, EEE MPC 7
TV —2a TlE, SNHDBIRDYTILAA LIERED RO FIZHDAIREMELHYE T,

AVRFET TV L, EHHFGEL MRROHRRORBELMBEICHL T, BENDA/NR
MEEREZRET DENTEFT  ARHRGEVIILN—(E, FIHNFHEOBMNIEBZHEELGEREN
ETLEY (ROLFRIARSAXVICHREHABERASNS MPC BEZBERL TS, TDT=8H,
REERTRETE. N—F27 ETORRIA—N—50Z £ L0T<BYET,

RRETZ LTV X L, HRGEE ROTFRIRT A X OHlEIR TS XU IHITAREIN D& 5% KR
R SELRREISH L TEBNERERELET T T, ARESAIRERT 50T EG RER K.
BEFEY—TY OFY. FlHEHOBIEKEFELEEA) TO=, ARAAL T LTORER
TRfEZE S YR ERICHERIT A EMNTEE T,

FFHE. MPC DELR T REZHMNREEZH MV OADIFE . BRRBEMBELLGYET,
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