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ABsTomaTtnyeckas ontumusauma Simulink mogenen n perynatopos

Iens padomer. O3HaKOMUTHCS ¢ OCHOBHBIME MeToJamu nlaketa Simulink Response Optimization

JUIsL aBTOMATUYECKOM ONITUMU3ALUU [TapaMETPOB MOJIEIEH U PETyIATOPOB CUCTEM YIIPABJICHUS.

3aoaua padomur. OCBOUTH NOCIIEI0BATEILHOCTh ONTUMHU3ALUU CUCTEM YIIPABJIEHUSI B CPELC
Simulink Response Optimization MATLAB.

Ilpuéoper u npunaonexcnocmu’. IlepcoHanabHbBIN KOMIBIOTEP, UHTETPUPOBaHHAs cpena Marinad
R2012ac makerom Simulink Design Optimization.

BBEJAEHUE

JUis cHHTE3a HENUHEHHBIX CHCTEMBI YIpPaBJIECHHUsS TPYIHO IEPEOLEHUTh 3HAYEHHE aJIroOpUTMa
MOMCKA 3HAYEHUH MMapaMeTpoB 00eCIeunBalOINX TpedyeMoe NoBeIeHHE CHCTEeM. Takoi alropuTM
nojzepkuBaercs MoayiieM Response Optimizatiogxoasimiem B coctaB makera Simulink Design
Optimization cpenst MatJIAB. Moayne ONTHMU3UPYET JHHEHHBIE W HEJIWHEHWHBIC CHUCTEMBI
YIPABJICHUS aBTOMATUYECKOM IOJICTPOMKOM 3aJaHHBIX I1apaMETPOB MOJEIU 10 €€ PEaKLUHU.
ABTOMaTHYECKask ONTUMHU3AIUS TOBBIIIAET TOYHOCTh M OBICTPOACHCTBUE CUCTEM, COKPAIIIAET BPeMs
IIPOEKTUPOBAHUS CUCTEM YIIPaBJICHHUS.

B aT0if paboTe Ha mpUMepe ONTUMHU3ANMU MOJIEIH MMOKA3aHbI OCHOBHBIC ATAIbl Pa0OTHI ¢ TAKETOM
Simulink Response Optimization.

OBIIME CBEJEHUWA

Simulink Response Optimizatiopabotaer ¢ JIMHEHHBIMH W HEIUHEHHBIMH, IUCKPETHBIMH U
HETPEPBIBHBIMU ~ MOJICISIMHA. [lakeT BBIMOJHSIET ONTHMH3AIMIO MOJCIH B  IUKIMYECKOU
nocienoBareabHOCTH. Ha Kak oM 11are oH 3amyckaeT MOJIeib, CPABHUBACT MEPEXOIHBIA MPOIIECC
BBIODAHHOM TMEPEeMEHHON COCTOSIHUS MOJCIU C 3aJaHHBIMH OTPAHMYCHUSMH, IOKA3bIBACT
MIPOMEKYTOYHBIC PE3YJIbTAaThl ONTUMHU3AIMH, TIOJCTPAUBACT MApaMETPhl MOJICII B COOTBETCTBUH C
BBIOPaHHBIM QJITOPUTMOM YHCJICHHOW ONTHUMH3AIMA M BHOBH 3aIyCKAaET MOJEIb C YTOYHCHHBIMH
napaMeTpaMH | TakK JI0 JOCTH)KCHUS 3a1aHHON (POPMBI TIEPEMEHHOM COCTOSIHUS MO/ICITH.

[lepen HayaIoOM ONTHMHU3AIIMH MOJIH30BATENb BHIOMPACT MapaMeTpbl MOAETH KOTOPbIe HEOOXO0IMMO
MOJICTpauBaTh B MpoIllecce ONTHMM3ALMHU, 3a/aeT Mara3oH M3MEHEHUsS I[apaMeTpoB, BHIOHMpaeT
METOJ onTuMH3auuu (rpamueHTHbI Meton, MonTte Kapio), Ha3Ha4aeT KpUTEpHH ONTUMH3ALUH
(HampuMep, BENMYMHY MEPEPeryIupoBaHHs WM BpeMs EPEXOJHOTO MPOoIecca) U UX BEINYHUHBI B
BHUJIC KOPUIOpa OTPaHHUYCHUI ITePEeX0AHOTO mpolecca (Hanpumep, cM. Puc. 6).

JIns ONTHMHU3aLUK BO BPEMEHHON 00JacTH MOYKHO paccTaBUTh Ha TpaduKe OTKIUKA YPOBHHU —
TpaHUIBl KOPHJIOpAa B KOTOPBIM MOJDKEH MomanaTh ONTHUMHU3MPOBAaHHBIN curHai. B Oubnmoreke
Simulink > Signal Design Optimization > Signal Ctamts umerorcs Tpu OJ0Ka 3aaaHUSL
KOPHIOPOB.
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B 6iioxe Check Custom Bounc BepxHue (upper)u Hwkuue (lower) rpanunsr (bounds)
3a7al0TCSI MaTPUIlAMU aMIUIMTYJ] TOPU30OHTANBHBIX JmHuK (Hampumep, [1.3 1.3; 1.12 1.12]um

COOTBETCTBYIOIIMX BPEMEHHBIX (B CEKYHJIaX) TOYCK Hayajia ¥ KOHIIOB JInHUE (Hampumep, [0 8.5; 8.5
11.4)).

/-

B omoke Check Against Reference KOPUIOp 33JaeTCsi HHTEPBAIOM BpPEMEHU
(manpumep, linspace(0,10)) hyHKimel 3TaJOHHOTO MEpeXoJHOro mpouecca (Hampumep, 1-exp(-
linspace(0,10)/2))a0cot0THBIM ¥ OTHOCHUTEJIbHBIM OTKJIOHECHUSMH COOTBETCTBEHHO OT OCH U OT
rpaduka QyHKIUN.

B 6noke Check Step Response Characteri KOPHUIOP PACCUUTHIBAETCS IOCIIE BOJA B

3akiajzke Bounds ocHOBHBIX TMMOKa3areynell KadecTBa IEPEXOJHOTO Tpollecca IMPH THIIOBOM
(ctynmenuaTom) Bo3aerictBun (Puc. 1.)

ok
£
3
g I'Iepeoperymmt)os;HMe 3oHa ycTaHoBneHus, %
E (Overshot), % (Setting)
} /\ 77N y
YcTaHoBMBLLIEEeCs 3Ha4YeHne ¥ / N\ / N\
(Final Value) / NN/ N~
S
PocT, %
(Rise)
Cnag, %
(Undershoot)
HavanbHoe 3HaueHve
(Initial Value)
i >
Bpewms pocTa Bpems perynuposaHus Bpewms
(Rise Time) (Setting Time)

Puc. 1. OcHOBHBIC MOKa3aTelIUd KavyecTBa MEPEXOJHOrO MpoIecca MPH TUIIOBOM (CTYIIEHYATOM)
Bo3/eiicTBuM 3amaBaeMbie B Onoke Check Step Response Characteristics pacuera xopumopa
OTKJIUKA CHCTEMBI.

Bo Bcex Onokax Signal Constraintxuxonkoit Show Plotokna Bound otkpsiBaercs rpaduk c
3aJaHHBIMU TPaHHLAMH KOpUaopa OTKIMKa Mojend. C MOMOIIBI0 MEHIO, MBIIIU MM TOPSTIUX
KJIaBHII TPaHUIBI KOPUAOpPAa MOXHO NepeMellaTh, pa3BopauuBarh, pa3OMBaTh, yYKOPAuWBaTh H



YIUTMHATH 10 Tpebyemoro pa3mepa. [lociie ycTaHoBKM preMiIeMbIX TpaHuil, KHomkoi Update block
HE00X0MMO 3a(MKCHpPOBATh HOBBIC TPAHMIBI B CTATyce MCXOJHBIX TPAaHUIl I TOHCKA
ONTHMAJIBHOTO TEPEeXOJHOro Imporecca. [Ipu 3ToM, paHee BBEACHHBIC 3HAUCHHs TpaHUIl Ha
3akiajake BoundOyayT nmepecunuTaHsi.

IIOCJIEJIOBATEJILHOCTD JENCTBUI OIITUMHU3ALIMN ITAPAMETPOB MOJIEJIA

JIns momcka ONTHMANIBHBIX MapaMeTpoB MOJETH TpH momoinu Moy Response Optimization
naketa Simulink Design Optimizatioanenyer.

1. B paboueii oOmactu (workspacg MATLAB 3amath HauyajibHbIe, HAWIy4IIAE IO
NPEIBAPUTEIILHOW  OILCHKE 3HAYCHHS  MapaMeTpOB  MOJCIH  KOTOpbIE  HEOOXOAUMO
ONITUMHU3UPOBATb.

2. 3aMEHUTh COOTBETCTBYIOIIUE 3HAYCHHS ONTHMHU3UPYEMBIX MapaMeTPOB MOJICIIA Ha3BaHHUSIMU
nepeMeHHbIX WOrkspace

3. Toacoemunute Omok(u) Constraint ko Bcem oTKIMKaM (MEPEMEHHBIM COCTOSIHUS) MOJIEIN
(OpMBI KOTOPBIX JOJDKHBI COOTBETCTBOBATH 331aHHBIM OTPAHUYCHUSIM.

3anaTh OrpaHUYEHUS - KOPUAOPHI OTKIIUKOB.

Beectu B okHo Design Optimisation> Design Variables Set  mapamerpsl Momenu, KOTOpbIE
HEOOX0MMO ONITHUMU3UPOBATH U YKa3aTh IAIa30H MOUCKA TApaMETPOB.

Tpu HeoOX0oaAMMOCTH BBecTH Ineertain Variables Set (Herouno ompenenennsie mapaMeTpal).

[Momath Ha BXOA MOJEIU BO3JCHCTBUE (CTyIIEHYATOE, HMITYJIbCHOE, Ap.), VIS KOTOPOTO
TpeOyeTCsl MOTYUUTh JKEIaeMblIii IEPEX0AHO# mpoliecc B Toukax ¢ Constraintoiokamu.

8. Komanmoii Evaluate Requirement =C [IOCTPOUTH IIEPEXOJHBIE MPOLECCHl I HAYaJIbHbBIX
3HAQ4YECHUM MapaMeTPOB OTHOCUTEIBLHO KOPUIOPA OTPAaHUYECHUN.
. B menio & OIS 5 ptimization Options
* BBIOpaTh METOJ U AITOPUTM ONITUMH3AIINH,
*  3aJaTh JOMYCTUMbIE OTKJIOHEHHS MMapaMeTpoB U (PyHKIIUU ONITUMHU3AINH
*  33JaTh MaKCUMaJIbHOE KOJUYECTBO UTEpALIUil

>

8. Haxxatp kHomKy ZPUMZE 715 3ammycka mporecca ONTHMH3AIHH.

\‘

I[TOPAIOK BbIIIOJIHEHNA PABOTbI

3aganue 1. [locTpoeHne MOJENN CUCTEMBI YIIPABIICHUS.

1. PaccuuraiiTe mnepenaTouyHyi0 (YHKIMIO CHCTEMBl YIpPaBJICHUS CTaOMIM3allMel MasTHHKA B
BEPXHEM ITIOJIOKEHUH.



B kauecTBe mpuMepa ONTUMH3AIMU TaPAMETPOB PACCMOTPUM MOJICIb CTAOMIIM3AIMNA MasTHUKA
B BEpXHEM TMoJjoxeHuu paBHoBecus [1, crtp. 141]. Ilycte macca wmasthuka (Puc. 2)
COCpEIOTOYCHA B TOYKE, TPEHUE U COMPOTHUBIICHHUE CPEllbl OTCYTCTBYIOT, JUIMHA MasTHUKa L
YHUCJICHHO paBHA 3HAYCHUIO § — YCKOPEHHUs CBOOOTHOTrO TajeHus. Malibie OTKJIIOHCHUS
MasiTHUKa OT BEPXHEr0 TIOJOXCHHUS PABHOBECHS OIMHUCHIBAIOTCS  TUPPEpEHIIMATHHBIM
ypaBHEHHUEM BTOPOTO MOPSIKA

(P*-1)y(t) = u(t),
rae U(t) —ympagisroniee Bo3IeiCTBHE.

Puc. 2. MastHuk. BepxHee mosio)keHHE MasTHHKA SBISETCS MPUMEPOM HEYCTOHYHMBOTO
cocTosiHus. HukHee MoJioKeHne MasgTHUKA HEUTPAIBHO B CMBICIE YCTOMYMBOCTH — 3TO TakK
HasbIBaeMas KoyeOaTelbHas TPaHuIla YCTOMUYHUBOCTH.

[TockonbKy TOpsSAOK OOBEKTa paBHsETCA ABYM. 10 sl pelieHus YpaBHEHHH CHUCTEMBbI
HEO0XO0/IUM PETyIISATOP MEPBOTO MOPsKa ¢ TpeMs K03 huIneHTamu.

(p + ar) u(t) = - (krp + R)Y(1) (1)

[lepenarounas GyHKIUSA pa30MKHYTOTO KOHTYpa CTA0OMIIN3ALUHU C PACYETHBIMU
KO3 PUIIMEHTAMH PETYNATOPa UMEET CIEAYIOINUN BU/.

1 18+

W, (8) = W(S)Wey(S) = ?-1 s+7

(2)

2. TloctpoiitTe Mosenb KoHTYpa (2) crabunu3aruu MasTHrka B Simulink.

Maodel: Pendulum control

------- Reqgulator -

0 O b =1 1;—!1_ 4:'_,5

=T

Target ain ntegratar * =

Transfer Fcn
position !
o9

Integrator

Scope

Initial state

Puc. 3. Mozens ctabunn3anny MasTHUKA B BEPXHEM TOJIOKESHUH.



3. TlocrpoiiTe Tpaduk MEpPEexXoJHOTO MpoIlecca MAasTHUKA B BEpXHEE MOJIOKCHHE C HadadbHOU
no3uiuu 0.9.

Puc. 4. Tlepexoaublii mporiecc MastHuka Y(t), HauansHOE nosoxenue YO = 0.9.

4. 3aMeHWTE YHUCIIOBbIE 3HAUEHUS OJOKOB TMApaMeTpPOB pETYIATOpa MOJIENU CIEAYIOIHUMU
[IEPEMEHHBIMU:

aOR = 7; bOR = 15; b1R = 15;
- B & wEE®

[Launch Model Explorer |

5. Orkpoiite Explorer wmonenu A BBEIUTE
HavyaJlbHbIE 3HAYCHUS TMIEPEMEHHBIX peryisrtopa B mose InitFcn. Wnm pasmecturte nepeMeHHbIC
a0R, bOR, b1R HavyanpHBIMU 3HAYCHUSMH Yepe3 KOMAHIHYIO CTPOKY B Workspace.

[Mpumeuanne. Komanp! mosst INitFCN BemmonHs0TCS Niepen 3amyckoM Moenu. Beipakenns aOR
= 7; bOR = 15; b1R = 1503BOASIOT MPHUCBOWTH 3HAYCHUS MEPEMEHHBIM H
pa3MecTHuTh uX B oOnactu Workspace.

5 Model Explorer,
File Edit View Tools

Add

u
a—

EPIEEEE:

Search: |by Hame V|Name: | W

Model Hierarctry ¥ % | | contentsof: pendulum_t* Filker Contents :A Model Properties: pendulum_1
=] Simulink Rook = i Callbacks i ki
@ Column View: |Block Data Typ | Show Details 15 of 30 objectis)  f= HED oA IS ezt

Base Workspace o i
o Model callbacks Model initialization Function:
E pendulum_1 ] ——
Marmne EBlockType | OutDataTwpestr OutMin ----PreLoadF R=7
=7;
ﬁ Model Waorkspa... - PostLogdcn biR = 15;
3 -Inithn = lb0R. = 15;
@ Code For pend... ctartFen
@ Advice for pen... - PauseFcn
ﬂ Sirnulink. Design... - CankinueFon
% Configuration (... - StopFen
-PreSaver
=l sum Inherit: Inherit via internal rule ] TesavErn
- PostSaveFon
1 Transfer Fen - Clasefon

6. JloGaBpTe B Monens 0110k, Harpumep, Check Custom Bounds 6ubmuorexn Simulink > Signal
Design Optimization > Signal Constraim $10JKIF0YUTe €ro K BBIXOIY CUCTEMBI.



-—- Regulator ----
b1R.s+b0R 1
u] +_ — -
=+alR = 1
Target Tranzfer Fcn Integratar y = Scope
position !
0.4 Integrataer
Initial state
I Lﬁ\_\_,_-—"ﬂ_

Check Custom Bounds

Puc. 5. Mozens ¢ Constraintoiokom 3aiaHus OYCTUMOTO KOPUIOPA ABUKCHUS MTEPEMEHHOM.

7. Ucmone3ys pacueTHble IaHHble craOwimsanuu wmastHuka (Puc. 4) 3amaiite gomycTumbie
TPAHUIBl KOPHUIOpPA ABMXKEHHS IepeMeHHOH. IlocTpoiite rpaHuubl KOpUIOpa BBEAS KOMAaHIY
Show Ploaknagku Bounds

[Z] Sink Block Parameters: Check Custom Bounds |} -* Check Custom Bounds [1] - Check Custom Bounds

Check Custom Bounds File Edit Tools Simulation Help
Assert that the input signal satisfies the specified bounds. E a P 3» Q g, }O. E IE‘

Bounds | Assertion

Include upper bound in assertion

Times (seconds): |[D 1;110] |

amplindes:  [[10.1;0.10.05] |

Include lower bound in assertion

Times (seconds): |[D 2;210] |

Amplitude

Arnplitdes: [[-0.2-02; -0.05 -0.05) |

[ Enable zero-crossing detection

Show Plot | [ Show plot on black open Response Optimization. .. a8
o 2 3 4 5 & 7 8 8 10

J- I O H Cancel H Help I Apply Time (seconds)

Puc. 6. ['panuisl kopumopa st ONTUMAIBHOTO OTKIUKA CHCTEMBI.

8. Haxwmure xnaBuiy Response Optimizatioraknaaku Bounds

9. JloGaBpTe mepeMeHHBIE perynsTopa B cnucok Design Variable Seu 3amaiite 30HY moucka
MEPEMEHHBIX.

) Design Optimization - pendulum_1 - Time plot 1

Design Yariables Set: Diata to Plot:

Create New Set of Design Yariables 8 [&] No data selected v
nents

Uncertain Yariables Sek:

|:uj e T Spadin R
by the Sirnulink maodel to optlmlze

VAR IAB

TTiraa mlak 1 el



Geslgn Variables Set:

MNone ']/ @ New

Data o Plot:

Uncettain Yariables et

Create Design Variables set:
VAR AB| - -
Yatiable Yalue Minimum | Maximurm Scale Yariable Current value Used By
| i 7 {o] Inf [
0R. 15 -Inf Inf 16
w MATLAB Workspace [ < '"

hame -«

EE alR. 1 [Add the selected model variables to the design variables set. |
H bor
Hbir

EE kot } Variable Detai B Specify expression (e.q., 5.x or a(3))

w Model Workspace (p [ [=]4 H Cancel ][ Help ]

10.Komanmoi Add Plot E‘ MOCTPOITE OTKIMK MOJETH NP HaYaIbHBIX MapameTpax. Ha rpaduke

BHUJHO PpacCIOJIOKCHUC TI'paHULl KOpHAOpa OTHOCHUTCIBHO HNEPCXOAHOro Iponecca MOACIU C
PACYCTHBIMU IMapaMCTpPaMHU.

pendulum_1 iCheck Custom Bounds

Amplitude

a 1 2 8 4 3 B 7 & a 10

Time (seconds) [
pclate bloc!

11.Bribepute, B kakoM opmare OyneTe HaOMIOAATH MPOTPECC ONTUMU3ALUU: B BUIC TAOIUIHBIX
JIAHHBIX WK B BUJIC U3MEHSIOIIErocs rpaduka nepexoaHoro mnpoiecca (OTKIMKA CUCTEMBI).

>

12.3amycTHTe Ipolece ONTHMH3AIMH HaPAMETPOB MOJIENH O PEAKI[HH CUCTEMBbI | OPIMIZE

13.Hab6mronaiite 3nauenus nepemendsix a0R; bOR; blRiocie okoHuUaHHS ONTUMHU3AIMKA B OKHE
Design Optimization > MATLABw~orkspaceinu nenocpeactseHHo B Workspace.



/ Design Optimization - pendulum_1 - Optimization Progress

CPTIMIZATION RESPONSE OPTIMIZATION PLOT e

B

=n = =

Data ko Plot: [E r@" I>

Design Yariables Set; DesignVars / Lﬂ.}' MNew +

X

A = Evaluate (] No clata selected A piot Plat @ options Optimize | Closs
Lincertain Yariables Set: |22 None = o [ select Requirements i Current Response Tab
\ARIABLES | REQUIREMENTS PLOTS 4 GPTIMIZATION :CLDS.... =
Dada Browser . S " O Timeplobl = | Cptimization Progress x|
2 O -
It F- 1o fi I
w MATLABE Workspace i Sl & max.
4 . ol il constraint ]
Hame ~ Value i 7 o 0.0780
; alR. 5.1740 1 14 a 4.2955e-04
| bor. 12,8563
| bR 15,0637
| kout: <58x1 dou...
w Model Workspace {pendulum_1}
Marme -« Value
w Design Optimization Waorkspace
Mame « Yalue
] Designars <3x1 para...
E| Reqvalues <21 strucks
B bl o |
..v Var_l_a E_Pre_wew | Optimization started 23-0ct2013 07:32:07 o
Optimization converged, 23-0ct-2012 07 :38:23 _
Optimized variable valueswritten to 'Design'fars in the Design Optimization wotepace
‘pendulum_1' updated with optimized values
Optimized requirement values written to 'ReqWalues inthe Design Optimization workspace
v
14.]Ins cpaBHEHHUS HMCXOJHOrO mepexoaHoro mporecca (Puc. 4) u mepexoiHOro mporecca C

ONTUMU3UPOBAHHBIMH MMapaMETpaMu HOCTpOfITe CJIICAYIOITYIO MOJACIIb.

[Mpumeuanue. [one InitFcn moxenu (cm. I1. 5) 10WKHO OBITH MTYCTHIM.



-------------- Pendulum --——————-—
Optimized Regulator
b1R.z+b0OR 1
o +_ - -
=+alR 1 |:|
Target Transfer Fen Integrator T
pasition o
Scope
oz Integratar
Initial state
-------------- Pendulum -
- Initial Regulator ----
=1 1
O = L
=7 il 1
Zain Transfer Fend Integrator? =
*a
o Integratars
Initial stateq

Puc. 7. Monenb 11 CpaBHEHHS KCXOJHOTO MEPEXOIHOTO Mpoiiecca (Peakiuu CUCTEMBI) U Tpoliecca
MOCJI€ ONTUMU3ALUU.

15.3anycture Moaenb. CpaBHUTE UCXOIHBIN MTPOLIECC U MPOLIECC MTOCIIE IPOLIEAYPHI ONITUMU3ALINN.

16.TlocTpoiiTe TaOIMUHYIO 3aBHCHUMOCTh ONTHMHU3AIMM CHUCTEMBl YIPABICHHUS CTaOMIU3aIUel

MasiTHMKAa B BEPXHEM IMOJIOKEHUHU OT Merona ontumm3anuu (Design Optimization > Options >
Optimization methoy



Meton

3HaueHusl NapaMeTpoB

ITepexoaHbIi IpoLece

Pacuer [1, ctp.
141]

aOR = 7; bOR = 15
b1R = 15;

;pagmk  pacueTHOoro mpomecca IOKa3aH Ha

pPHUCYHKaX TaONUIbl OMPIO30BHIM LIBETOM.

Gradient
descent

(F'pamuenTHOTO

CITYCKa)

HHaor  S.1740
HHbor  12.8583
Hibir 130837

Time offzet. 0

Po30Bblil rpaduk

Pattern Search

HHaor 53000
FHbor  g.4952
HHbir 312689

AE
BB|QSh HKE DR

Time offzet. 0

Po30Bblil rpaduk




Simplex Search

atk 26,5710
bOR  30.8312
bir 58,1439

Po30Bblil rpaduk

17.CpaBHuTe BpeMs pacyeTa peryjsaropa U peakiuio UCXOJAHOTO MpoLecca ¢ COOTBETCTBYIOIIMMU
pe3yibTatamMu onTuMu3anuu makera Simulink Response Optimization

18./lns1 momydeHHBIX HAOOPOB TMAapaMeTpPOB pETYISATOpPAa MOCTPOMTE TPACKTOPHH JBIKECHUS
MasiTHUKA [IPU IEPEMEHHOM 33JJaHHOM BO3JICHICTBUM B 30HE BEPXHEN TOUKH PaBHOBECHS.

Meton

3HaueHusl NapaMeTpoB

ITepexoaHbIN IpoLece

Pattern Search

Haor 51740
Hbor 12,8583
Hibir 130837

) Scope |Z| |E| [z|

an|Qdh D% Da % -

Time offset:

bupro30BbIil rpaduk — pacueTHbIE MapaMeTphI

Po3oBsii rpapux —  ONTUMHU3UPOBAHHBIE

apaMeTpsl




JKentelii rpaduk — 3aaHHBIe KOOPAUHATHI

OR  5.3090 —
%EDR 5.4952 ) |Scope |-_||E|[Z|

HHbtR 32689 = JER RITOYRNE SR 2 S = I R S

OR  26.5710 - =
EDR 30,8319 / Scope |'-_||'E|[Z|

biR  58.1489 BH QR CER DE S &

Simplex Search

19.YGenutech B TOM, 4YTO MOJETb ONTHMalbHas NPU OJHOM BapUaHTE HU3MEHEHHs 33aJaHHOTO
BO3JICUCTBUS, HE BCErja ONTHUMaJbHA IIPU APYrUX BapUaHTax 3aJaHHOIO BO3ACUCTBUS IIPU
OJIHMX U Te€X K€ 3HAYCHMSIX [1apaMeTPOB MOJIEIIHN. .




3aganue 2. Onrumuzanus napametrpoB PID perynsaropa.

1. TlocrtpoiiTe MozeNb CTAOMIM3AMY MasiTHUKA B BEpXHEM TojioxkeHnn ¢ Constraintonoxom u P1D
peryasitopoM oubimorexku Simulink > Continuous > PID controller.

-------------- Pendulum -
--- Regulator ----
u] + | FIDi=) 1 1
= z
1
Target FID Contraller Integratar =
position o Scope
o Integratar
Initial state

P,
I \"’H_H\_,,-"_

Chedk Custom Bounds

2. BBeauTe HyseBble 3HaYeHHs yCWIEHHs MponopiuoHanbHoit Kp, muddepenumansroin Kd u
uHTerpanpHoit Ki coctaBisironux perynsropa.

3. 3amyctuTe ABMKEHHE MasTHUKA U3 moJsioxkenus 0.9.

V6eaurech, 4To JBMKEHUE HEYCTONUHMBO.
) Scope |-. | |E| [z|

85 |Qlh H%& Das -

Time offzet. 0O

5. 3amaiite auMana3oH W3MEHEHHWsS MApaMETPOB PEryJISATOpa C TpaHUIAMH KOPUIOpa s
ONTUMAJILHOTO OTKJIMKA cucTeMbl (cM. Puc. 6).



Create Design Yariables set: |Design'-.-'ars |

Yariable Yalue Mimimum | Maxirnunn Scale
kd 0 -Inf Inf 1
Ki 0 -Inf Inf 1
kp o -Inf Inf 1

6. 3amycTuTe Mpolecc MoMcKa ONTUMAaJIbHBIX TapaMeTPOB.

7. Yb6enutrech B CXOJMMOCTH IIpollecca ONTHUMU3ALMU. 3alulINTe 3HAUYEHHUS IapaMeTpoB
perynsaTopa o OKOH4aHUH IpoLecca.

w0 Time plob 1 3¢ | Optimization Progress
| L
v MATLA Workspace Iter F-count Fi=) max.
canstraint
Mame - Walue 0 7 0 132166405
[1] Kd 4.1624 A 1 14 1] 1.7065e+04
ki -0.0755 2 21 ul 5.6146e+03
H kp 0,9664 — 3 28 0 3613079
w 4 35 ul 1043327
3 42 Ll 39.59973
w Model Warkspace (PID_optimisakion) 5 49 i} 14.7870
Mame -~ Value T a6 ul 5.1945
g B3 Jul 1.6256
g 70 1] 0.3837
10 77 0 ¥ 0.0430
11 g4 ul

8. 3amycrute Monens. PaccMoTpuTe epexoHbIN MPOIECC ABIKEHUS K TIOJI0KEHUIO0 PAaBHOBECHS.

) Scope

an|adh D% Da% -

Time offset. 0O

Puc. 8. /IBmwkenue MasTHUKA IPU ONTUMU3NPOBaHHBIX apameTpax PID perymstopa. [Tocie

BbIXOJa B 3aJIaHHOC HYJICBOC IOJIOKCHUC oe3 NepeperyinpoBaHusd Ha6mo;[aeTc;1 yXOo4 MadTHUKA U3
IMOJIOKCHUSI pPaBHOBCCHUA.

9. VYbepure MHTErPAIbHYIO COCTABIISIOUIYIO PErYIATOpa U MOBTOPUTE ONTUMHU3AIMIO MTaPAMETPOB
U IIOCTPOUTE NEPEXOIHBIN ITPOLECC.



) Scope |Z| |E| D__<|

an|adh D% Da% -

10.TloBepbTe OyaeT AM yCTOWYMB MPOLECC CTAOMIN3AIMHE MAsTHUKA C ONTUMHU3UPOBaHHBIME KpP 1
Kd napamerpamu npu U3MEHEHHH 33/IaHHBIX KOOPAWHAT.

Time offset:

Puc. 9. [IBukeHne MasTHUKA MPU W3MEHEHHWH 33JaHHOTO MOJokeHus. [lonokeHue MasTHHKA
(po3oBblii TpaduK), 33 JaHHOE MMOJIOKEHHE (KEIThIH rpaduk).



KOHTPOJIBHBIE BOITPOCBI

1. Kakwue mpeumyIiecTBa MOXHO MOJY4YHUTh IpH Ucnonb3oBanuu Simulink Response Optimization
B pa3pabOTKEe CUCTEM aBTOMATUYECKOTO YIPABJICHUSA?

Kak 3amaercs 1ieneBas GpyHkius B makere Response Optimization?

[Touemy cnenyer paccMaTpuBaTh MOBEAEHUE MOJEIU C ONITUMU3UPOBAHHBIMHU [TAPAMETPAMU IIPU
Pa3HBIX BXOJIHBIX BO3JCHCTBUIX?

4. Kax moxHO HacTpouTth napametpsl PID perynsropa Simulink mogenn?
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