JAomawHee 3agaHue 2. basosas 3agavya MPC

Yactb 1

1.

PeannsoBatb ¢pyHKUMM BecoB wTpadoB
a. PeanusoBatb ¢yHKUMIO pacyeTa MaTpuubl BecoB LWTPadOB 33 OTKAOHEHWE OT YCTaBKU B
BEKTOPHOM KpUTEPUN.
function R = get_R_matrix(Rk, P)
Rk — maTpuua BecoB Ha 0AHOM Liare (CYUTaeTcA O4MHAKOBOM Ha BCEX Larax)
P — ropnsoHT nporHosa
b. PeanusoBatb GYHKUMIO pacyeTa MaTpuLbl BECOB 3aTPaT Ha YNpaB/eHMe B BEKTOPHOM KpUTepuu.
function Q = get_Q_matrix(Qk, P)
Qk — maTpuua BECOB Ha OAHOM Lare (cYMTaeTcs OAMHAKOBOM Ha BCex Lwarax)
P — ropu3oHT nporHosa

2. Peanusosatb MaTpuLbl, TpebyemMble AN BEKTOPHON popMybl pacyeTa NPOrHO3HOM TPAEKTOpUK:
y =Lx, +Mu
a. [Ans cnpaBku. PasmepHocTM maTpuy L, M 3aBUCAT OT pasmMepHOCTE MaTpuu, B Moaenun B
NPOCTPaAHCTBE COCTOAHWUIN U TOPU3OHTA NPOrHo3a P.
{xk+1 = Ax, + By ﬁ;k [mx 1] A[nxn]
~ X [nx 1] B [nxm]
Yie = Cxk Vi [rx1] C[rxn]
b. PaccuutaTtb pasmepHoctn maTtpuy, L, M.
PeanunsoBaTtb GyHKUMM pacyeTa maTtpuy, L, M.
function L = get_L_matrix(?, P)
function M = get M_matrix(??, P)
BMECTO «?» W «??» nepefatb TOJIbKO Te MapameTpbl, KOTOPble HYXKHbl NPU BbIMUCAEHUU
COOTBETCTBYIOLLNX MATPULL.

3. [MMpeacTaBuTb eAMHWYHDIV CKAYOK B BUAE BEKTOPA U U CMOAENNPOBATb OTKAMK CUCTEMBI C MOMOLLbIO
dbopmynbl Yy = Lx;, + Mu. Ona oOTnagKun CpPaBHWUTb MOJIYYEHHYIO TPAEKTOPMIO C aHa/IOMMYHOM
TpaeKTopuen U3 npowwnbix [13, paccyMTaHHOM c nomolubto LmkAaa for. Mpu HecosnageHMM ncnpasuTb
OWKnBKM.

Yactb 2

1. MocTpouTb PYHKUMIO pacyeTa NporpammHoro ynpasaeHma MPC:

function Uk = mpc_controller(Xk, P, A, B, C, R, Q)
Bbixog, GyHKUUN — NPOrpamMmMHOe YNpaB/ieHME Ha TEKYLLEeM Luare.
BHYyTpU PyHKUMKM ncnonb3oBaTb GYHKLMM pacyeTa maTtpuy, Q, R, L, M 13 nepBoii yacTu 3agaHus.

2. CmopgenupoBaTtb paboTy 3amKkHyTOM cuctembl ¢ MPC-perynatopom. MNpuHATL, YTO HA KaxKAoM Lwiare
Tekywee coctosHne obbekTta Xk M3BecTHO (Ha Karkaom lare 6paTb ero U3 mMogenn npouecca).
CpasHutb MPC-perynaTop c lN-perynatopom.

3. W3yunTb BAMAHME TOPU30HTA NPOrHO3UPOBAHUA, n3MeHAA P.

4. WN3yunTb Komnpomucc mexay wrpadom 3a ynpasnaeHue u wTpadom 3a OTKAOHEHME OT YCTaBKW,

M3MeHAA ANaroHasibHblE€ 3/1EMEHTbI MaTpuUL, Q, R.

Bonpochbl K 3awumre

1.

Obuwas maea MPC-ynpaBneHMA M MOCTAHOBKA ONTMMA/bHOM 33a4a4M NO MNOMCKY OMNTMMAJIbHOTO
ynpasnsawouwero sosgencrasma MPC-perynsatopa
a. Kakolt npMHUMN NexunT B ocHOBe Bblbopa ynpasastouLero sosaerictansa 8 MPC-perynatope?
b. MoacHWTb coaep:KaTenbHbIA CMbICA charaemblx B pyHKUMOHaNe KavecTBa MPC. Mpadumyeckas
MHTepnpeTauma Kputepus.



C.

]k (yk+1' o Yi+Pr Uks o) uk+P—1)

P
= Z [(Yk+j - Tk+j)TRk+j(YIc+j - Tk+j) + uk+j—1TQk+juk+j—1]
j=1
B 3agaye MMHK-oueHMBaHMA ONTUMYMOM  SBASIOTCA  OLUEHKM  KO03dUUMEHTOB
perpeccuoHHoM mogenu. Yto asnsetca aHanorom B MPC-3agaye 6e3 orpaHmMyeHnin? Apyrumm
cnosamu, yto Takoe argmin [ (Ug, ..., Ug4p—1)

2. PeweHune 3agaum MPC

a.

Kak Hy»HO npeobpa3oBatb ¢yHKUMOHAN KadectBa MPC, u4Ttobbl pewntb 3agady
ONTUMANbHOTO YNPaBAEHUA?
3anucb ¢pyHKLMOHaNa KayecTBa MPC B BEKTOPHOM BUAE. YKa3aTb, Kak GOPMUPYOTCA BEKTOPbI
y,U, 7. BbiBeCTM pa3amepHOCTb 1 CTPYKTYpa matpuy, Q, R.
3anucb ¢yHKUMOHana KadvectBa MPC B BMAe, 3aBUCALLEM TONAbKO OT YNpaBAAOLLEro
BO34eMiCTBUA.

i. BbiBecTM BeKTOPHYIO GOpMyNy MPOrHO3a KakK GYHKL MM OT BEKTOPHOIO YNpPaBAAIOLLErO

BO34eiCTBUA.

ii. BblBecTM pasamepHOCTb maTpuy, L, M.
AHanorus mexay dyHKumoHanom kavectsa MPC n MMHK. 3anucb peweHua 3agaun MPC.
Mouyemy Henb3A BblAaTb Bce P ynpasaatowmx Bo34eACTBUIN Ha O6BEKT U 3aTEM TONIbKO Yepes
P waros nocuntatb HOBOE ynpasaeHue?
3auem cumTaTh P yNpas/isioLLmMX BEKTOPOB Uy, €CM Ha 06beKT nepeaaeTca TONbKO Nepsblit 13
HUX?
YTo HyXHO 334aTb, 4YTOObl WMCMNO/b30BATb MOAE/b B MNPOCTPAHCTBE COCTOAHWI KaK
NPOrHO3UPYHOLWY MOAeNs?

3. T[epexoaHoi npouecc B cuctema ¢ MPC-perynaTopom 1 BAMSHUE Ha HEro HaCTPOeYHbIX NapamMeTpos

a.

KaK Ha nepexoaHoi npoLecc BANAET BeIMYMHA BECOB B maTpuuax Q, R?

b. Kak Ha nepexofgHOl npouecc BAWAET BeJMYMHA TOPM30OHTa MporHosa P? Kak BbibpaTb

C.

rOPM30HT NPOrHo3a?
KaK ymeHbLWKTb NnepeperynmposaHne MPC-perynatopa’?

d. Kak 06HynuTb WwTpad 3a 3aTpaTbl Ha ynpasneHue? Kak oTpasuTca Ha nepexoLHOM npouecce

06HyneHue WwWTpadoB Ha 3aTpaTbl Ha ynpasaeHue?

4. O6wme Bonpocsl

a.

MycTb NnoBeaeHMe peanbHOrO MNPOLLECcCa OTIMYAETCA OT NPeACKa3aHHOro NPOrHO3UpPYHOLWEN
mogenbto. Yto npm aTom byaeT nponcxoamTs B cucteme ¢ MPC-perynatopom?

b. YTo Takoe MoZenb NpoLLecca M YTO TaKoe NPOrHO3UPYIOLLAA MOAE/Nb B AaHHOW paboTe?

C.

Y70 TaKoe nporpammHoe ynpasaeHue?

d. Yem otnmnuaetca 3agada MPC n AKP (LQR)?



