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>>clear all; close all; clc;

>>global T1 T2 K_obj % napameTtpsl o6bekta

>>global K_sens T_sens % napameTpbl aatunka

>>global K_iu % napameTpsl MCNONHUTENLHOTO YCTPOHCTBa
>>global K_p K_| K_.d % koacpcpuunentsl MU[-perynsitopa

Tloc:Ie 3HAKOB PABEHCTBA HY)KHO BBCCTH 3ATAHHBIC SHAYCHHS Mapa-
METpOB.

Jlanee na ocose cTpyKTypHoii cxemst CAP ma prc. 26 coszars
5 Simulink Mozems CAP ¢ TTH/I-perysmopom B kauecTse yCTpoiicTsa
YNpaBienus. 3a HAUATBHYIO OCHOBY MOJKHO B3ATh W30OPAKEHHYIO
Ha puc. 27 Mozens CAP, CO3IaHyIO IpH BLNOHEHMH T1AGOPATOPHOl
padorst Ne 5. B nannoii Mozeam Heo6xoanmo [l-peryasTop samennTs
#a [TA/T-perysop. JLis 9TOr0 Hy’KHO BHNOTHATS CASTYIOUINE HarH:

1. Vaamus, kommonent M1-perynsrop.

2. B Gubnmotexe 6nokos Simulink Extras na sknake Additional
Linear sribpars xomnonent PID Controller (ITH/I-perynstop) u nepe-
TALUMTB €O B OKHO PEIAKTHPOBAHIS MOZIEIH, PACIIONOKHTS HA MECTE
YAQIICHHOTO 3HAYKA MEHKATY YCTPOHCTBOM CPABHEHNS W HCTIONHHTELHBIM
YyeTpoiicTBom. BLIXOA YCTPOFCTBA CPABHCHNA COCAMHHTH CO BXOZOM
TIH/I-peryssopa, a suxon TTH/I-peryasTopa — co BXOIOM HCTIOTHH-
TeNBHOrO YCTpOTiCTBa.

4. CoxpanuTs, CO3TaHNYI0 MO B HOBBIH haiin ¢ myenem «pid_re-
gulator.mdb. Tlpimepibiii Bt co3nanofi rpadieckoii MoZEm! noKasa
Ha prc. 29.

I Hactpoiika ITH/L-peryastopa metonom 3urepa-Hucosca

Hawarsisie snauenis kodpdumunenon MH/I-peryasropa AomiHsi
GuiTe pasist Hymio. JUIS 9TOTO HEOOXOANMO B OKHE PEAAKTHPOBAHIS
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MOJENH BBINOJHNTE ABOIHOM WIETMOK 1€BOi Kiapuuell MBI Ha
suauke PID Controller. B pesynsTate oTkpoeTcs OKHO 3ajaHus napa-
metpos TTHJ[-perynsmopa. B HeM 0 yMOTManHuio koddduimentam mpi-
croerst ceayome saserms: K, =1 (none Proportional), K, =1 (none
Integral), K, =0 (nozne Derivative). Heooxommo 8 nomsix Proportional
u Integral BBecTn HyJIeBbIC 3HAYCHHS, MOCAE YETO MOATBEPAMTH BBOX
naxarnes Apply 1 OK. 3anycTuTs mponece MOZCTHpOBaNNA PaGoTE
CAP, uiBpas 115 9Toro kowany memio Simulation — Start. B pesym-
TaTe Ha dkpane ocumIOrpada (AU OTKPHITHS dKpana ocuLIOrpagda
CllenaTh ABOIiHOf METIOK NIeBOil KNABHIIEH MBI Ha 3HAKe Scope)
MOKHO YOHTECS, UTO WIMEHEHHE BHIXOTHON BETHUMHEL PABHO HYIIO
ITO CCTECTBENHO H OBLACHACTCS TeM, ¥TO BLIXOHOM cnrnan [TH/T-pe-
rynsTopa, B COOTBETCTBHH ¢ hopMyIoit (74), HMEeT HyIeBoe 3HauCHHe.
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Puc. 29, Tpagcckas monens CAP ¢ TTHL-peryasopost

Jlanee HEOGXOAMMO MIOCTENICHHO YBEHYHBATS HANCHHE MAPAMCTPA
Proportional B ITH/I-peryastope, U 415 KakAOTO HOBOTO 3HAYCHHS
BLITIOMHATS MOZICHPOBANE PAGOTE 1 HAGTIONATL HA IKPAHE OCLIILIO-
rpacha 3a Tem, KaKoii B nMeeT rpadu nepexomnoit dynkim CAP.

Korza cicTeMa OKaKeTcs Ha IPaHHLE YCTONMHBOCTH 1 IEPEXOAHAs
Qynxuns CAP Gyzer uveTs Bia HesaTyxaiomx Konebanuii (puc. 30),
cooTBeTCTBYIOmEE 3HaueHue napametpa Proportional mysuo sanom-
nute. Jlns atoro B okne BBoaa popmyn Command Window s crpoke
BBOJIA KOMAH1 BBECTH CICYIOMNE KOMAHTb
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JIABOPATOPHASI PABOTA Ne 7.
CHHTE3 CHCTEM ABTOMATHYECKOI'O
PET'YJIHPOBAHUSA

Ileas paGoTui: o3uakoMUTLCA ¢ MeTozaMH cnTesa CAP.

Sanaume:

1. TlocTpours KoMmsioTepHyio Mot samkuyroii CAP ¢ TIHJI-
PEryIATOPOM B KAWeCTBE YCTPOMCTBA YMPAB/CHIS, HCMOTB3Ys MAKET
KOMITiOTepHOr0 MozempoBanis Simulink.

2. Bemonnts nactpoiiky [HJl-peryzstopa metozom 3uriepa-
Hukonsca.

3. Bunoamims nactpoiiky MHJI-pery.isTopa ¢ noMomsio peariso-
santoro  Simulink uTepdeiica KOMIBIOTEpHOI ONTHMIBAI 1 Ha-
crpoiikin CAP NCD Outport.

Annapatypa, ucnoasyemas B 1abopatopuoii padote

PaGora Bumonnsercs Ha nepconanbibix IBM ¢ HCmOTB30BaIEM
Ccpenbi KoMmbiOTepHOr0 Mozemposanis MATLAB Simulink (cu. a-
Gopatopiyio paGory Ne 5).

Tlopsiox BLoERNs paGoTEl

L Moctpoenie KovmbioTeproii mogenn CAP
¢ IHI-3aK0m0M pery.mposanist

B naGopaTopHoii pagoTe HCCTEYETCS 3AMKHYTAs CHCTEMA aBTOMA-
THUECKOTO PEryTHDOBAHNS, CTPYKTYpHAS CXeMa KOTOpOil TpHBEieHa
wa prc. 26. TIpn 5ToM nepeatounas dynKums peryastopa Woer BIoH-
PACTCA B COOTBETCTBHM C PACCMATDHBACMbIM THIIOBLIM JHHEHHBIM 3a-
KOHOM peryposaiis (5 amnom crydae, [TH/I-3akonom). Uncrosbie
3HQUCHNA NAPAMETPOB NepeaTounIx (ynunii Hnementos CAP (Koy,
Ty, To, K= Kaag, Ty, Kuay) 3a7aiotest npenozasaresem.

BLINONHATS 3aITYCK NAKET KOMIBIOTEPHOFO MOETHpOBalHs Simu-
link Tak, Kak 5T yKasamo MpH ONHCAHMM BLIMIOTHEHNS TAGOPATOPHOI
pacoTsi Ne 2.

Jlnst atoro B okue BBo1a Komana Command Window s ctpoke BBoza
BECCTH CIICAYIOUIME KOMAHLL:
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>>Ku=
>>Tu=

TMocie 3HAKOB PABEHCTBA HYKHO BBECTH 3HAYCHHE MApaMeTpa
Proportional (ans nepemennoii K_u) u onpenenennsiii no rpaduxy
MEPHOAL HE3ATYXAIOMUX KoeOamMii nepexomoii Gynkuun (11 nepe-
mennoii T_u).
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Tine oset. 0
Puc. 30. Tepexonas dynkuus CAP B Bitie HeTyXaiouu koneGaili
3atem B cootseTcTBIM ¢ (opMynoii (75) B Okne BBOZa oMY

Command Window B cTpoke BBOAa KOMaHJ BBECTH CIEAYIOLIHE
KOMaH b

>>K p=06"K_u;
>>K_1=2"K_u/T u;
>>K d=K u*T_u/8;

Tepemennsie K_p, K_I, K_d ssectn 5 TTH/I-perystop B cooTset-
creyroune nozsi: Proportional, Integral u Derivative.

Sanyctuts Moziennposanue pacotsi CAP, fuis nonyuuBteiics me-
PEXOIHOI (YHKINMN ONpEACHTS 3HAYCHMA MOKA3ATENCH KauccTBa:
TepEpEryIMPOBAHNS G W BPEMEHH PETyTHPOBAHNA fpgr.
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IIL. Hacrpoiixa ITH/I-perystopa ¢ MOMOILI0 KoMMORERTA
NCD Outport

Huctpysenramsiii naxer Nonlinear Control Design Blockset
(NCD-Blockset) NPCAOCTABIACT B PaCTIOPSACHIC MOTL30BATEIA Tpa-
useckii miepdeiic s Hactpoiikn napamerpos Simulink-mozencii
JUMHAMITECKIEX 0GBEKTOR, 00CCTIEHBAIONIIX HKETACMOE KAECTRO Mepe-
XOTHBIX MPOIECCOB.

B 0KHO PeAaKTHpOBANIA MOZEM meperauuis komnonent NCD
Outport, koropii axomres B Gubmorexe NCD Blockset. Bxox ko~
nonerra NCD Blockset coeautrms ¢ Bhixozom oGnexTa ynpasaenist OY.
Jlgoiini meakom na mikrorpanve NCD Outport otkperms pagosice
‘oxito aoro G10ka. Pagorice okio G10ka NCD Outport ¢ spesermsit
OTPAHINCHUAMI IO YMOIMANHIO NOKA3AHO Ha piic. 31

Puc. 31. PaGosee okno G10ka NCD Outport

Ha pitc. 31 W300pakeHo, STO KOHTPOMHPYEMBIM CHIHATOM SBISETCS
NEPEXOHA XAPAKTEPHCTIKA, 1A KOTOPYIO HAKIATBIBAIOTCH CIEAYIO-
e orpareHs:

— MAKCHMATBHOE Nepepery poBaiie — e Gonee 20 %;

— Bpest apacTanis — ne Gonee 1000 ¢;

— JUIMTEIBHOCTS MIEPEXOTHOTO Npotecca (BPEMs PerympoBaris) —
e Gonee 3000 c.
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JUna yCTaHOBKM JIPYIUX 3HAUCHHIi BPEMCHHBIX OTPAHHNCHHT HAHGO-
JIee MPOCTO ¢ MOMOMIBIO MBI MEPEMECTHTD BEPTHKATbHbIC H FOpH-
3OHTATLHEIC TMHUH OrpaHueHuii B TpeOyemoe nonosene. Touryio
YCTaHOBKY AMHHit OFPAHHYEHHS MOKHO MPOBECTH, BHOPAB TpeOyeMbic
THHHH € TOMOUIBIO WK JICBOFi KIABMIIN MbiLiH (BLOPARHAS THHHS
cranosutes Genoii), u Bemonaus B Menio Edit komanny Edit constraint
(U3MeHHTS Orpamierie). B NOSBISIOLIEMCS OKHE PEAAKTOPA Orpaiii-
uennii (Constraint Editor), B Texctosom nozne Position editor, neo6-
XOMO 3AIATH HAYATHHYIO W KOHCHHYIO TOUKH MPAMOfi B (opvate,
Hakas 3aTeM kHonky Done. OkuO peakTopa OrpaHHYEHHIT MOKHO
OTKPHITS Goslee POCTO: WEKHYB Ha COOTBETCTRYIOWIEH AN NPABOi
KITABHILIEH MBILIN.

VCTaHOBHTS NONOKEHHE B0 BEpXHEHi IPAHMILI MEPEXOHOTO
npouecea 1o Beprikamn ¢ 1.2 wa 1.3 (cooTBETCTBYET Nepeperymposa-
1o 6=30 %).

Jlance neobxomvo yasats nactpansacmbie napaverpst: K_p, K_I,
K_d. Buibop komanns Parameters s menio Optimization npusener
K OTKPLITHIO IMA/IOFOBOr0 OKHA 3a/IaHNs ONTHMH3HDYEMBIX APAMETPOB
w unTepsana mickpernsawn — Optimization Parameters (puc. 32).

Tunable Variables:

Lower bounds (optional}

Upper bounds (optional)-
Discrelization nterval. 5
Variable Tolerance: o001

Constiaint Tolerance: [

¥ Display optiizaton informtion

I Stop optimization as soon as the constiaints are achieved

[V Compute gradients with better sccuracy (slower)

Note: Simulation parameters are entered in the SIMULINK system

Pue. 32. Okuo 3ananws onTIMHIHpYEMBIX napaveTpos Groxa NCD Outport
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B texcrosoe none Tunable Variables neoGxommo seecT mvst
ONTHMH3HDYEMOii TiepeMenHOf. ECTH TAKHX MEPEMCHHBIX HECKONBKO,
B HALICM CTyMaC TPH, TO 1IX HMCHA PAYICAAIOTCA TPODCIAMH.

B Tekcrosoe none Discretization Interval ssoantes snauenne -
TepBANa MCKPETH3AUMH NPH MOJCTHPOBAHHH MEPEXOHOTO Mpolecca,
BLIDAKEHHOE B CEKYHIAX.

B KauecTse MpuMepa Ha pHC. 32 NMOKA3AHb! TPH ONTHMH3HPYSMBIX
napaverpa (K_p, K_I, K_d) u ycranoseno snadenue untepsana auc-
KpeTH3aLIH, PABHOE 5 C.

Jlns nofTRepacenns BROA HaaTh Kionky Done.

Jlnst 3aimycKa NPOIECCA ONTHMMSALIN B MEHIO PAGOUEro OKHa G/I0Ka
NCD Outport sudpats xomamy Optimization — Start

Tlocie YCMEWHOro OKOHYAHHS! MPOLECCA ONTHMI3ALIN B OKHE BBOAA
hopmyn Command Window nossutcs cooTBeTCTBYIOmIEE COOOMICHNE:
Optimization Converged Successfully (ontumusamns semomsena
yenemmo). B paGouem oxne 6oka NCD Outport 6yser otodpasken
TPAUK NEPEXOIHOTO MPOLECCa, COOTBETCTBYIONIETO ONTHMATHHEIM Ha-
ctpoiixam TTH/T-perynsTopa. ONTHMH3HDOBAHHBIE 3HAuCHNA KOH(bH-
wmenros K_p, K_I, K_d Moo mpocmotpets B okie BBozia (hopmyst
Command Window, sseas B ctpoke BBoza (opMyI CIEIyIOMIEE Bbi-

pakentic:
>>Kp, K1, Kd

Conepmanne oriera

1. Hassanue 1aGopaTopioii paGorsi, 1eits, 3azanie.

2. Kommsiotepras Moaens nceneayemoii CAP ¢ TTHJI-peryastopost
B KateCTRe yCTPOIiCTBA ynpaneis, co3fainas & Simulink

3. Pesyasrats mactpoiixi ITH/I-peryastopa no metoay 3urnepa-
Hukontsca: 3naveniie kodHUIeHTa MPONOpIIORATsHOI cocTastsiomeii
peryasropa K,, Ipi KOTOPOM B CHCTeMe HAGTIONAIOTCS HE3ATYXAIOIIE
KOIEeGaNITA MEPEXOHOrO MPOIECCa, IHATCHIE NEPHOTA HEIATYXAIOITX
xoneGamnit 7,; 3nauemns xoddpuumenton K, K;, Ky, paccunrammie
110 hopwyze (75).

4. Tpaitk nepexoauoii (yrkiunin CAP ¢ ONTHMATBHEIM SHaCHISMIE
napanerpos ITH/l-peryzistopa, nonyserbinit o Metoay 3uraepa-Hit-
KOIThCa, 10 3a/1aIoMeMy BOSETCTBHIO
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