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[Tpocopolwaon xa. Movtehonoinon Auvouixoy Luotnudtwy Epyaoio 1

1. EmxArorg

H nopodoa epyacio €yel wg avTixelevo Tn HEAETT) EVOC ATAOTIOLNUEVOU BUVOULXOU) GUC TAUUTOS — CUYXEXQULEVAL
EVOC YPOUUXOTIOINUEVOU EXXEEUOVS UE POTY| ELCOBOU — WUE GXOTO TNV XATAVONGCT TNG CUUTEQLPORES TOU XAl
TNV EXTIUNOT TV QUOIXDY TUPAUETEMY TOU UECW NS UEVOB0U TV EAdyioTOV TETRAYOVWY. XTO TE®MTO YEPOS
¢ epyaoiog e€etdleton 1) SUVUULXT| TOU CUC TAUATOC, 1) oTolol TepLypdpeTaL and plo dlagopixt| e€lowaon deutépag
TéENe, xou mpooeYyletar 1660 Vewpentixd 660 xan aprdunTxd Yéow npocouolwong oto tep3diiov MATLAB.
Apyd, T0 cUCTNUA OVABLATUTIOVETOL GE HORYT XUTACTACNC DOTE VoL XATACTEL XATIAANAO Yo avEAUGT) Xou
TEOGOUOlWoT). TN cuVEYELR, EPopuoleTon NULITOVIXT SLlEyepoT xou eEeTAETAL 1) AMOXELOT| TOL GLGC THUATOC. Idiai-
TEEO EVOLAPEPOY TaPOUGLALEL O TEOTOC YE TOV OTOL0 TO GUCTNUO QPTAVEL GTN LOVLUTY TTEPLOBIXT| TOLU GUUTERLPORT,
xodm¢ xou 0 puiude pe Tov omolo anoxhivouv ol TaAavTOoel and TN YetoPatixy gdorn. H avdluon auty détet
T Bdon yia T emoUEva pépn TN EpYaolog, OTOU EMLYELRELTOL 1) EXTIUNON TWV TOEOUETEWY TOU UOVTEAOU UE TN
YeYiom Bedouévwy €680V TOU GUGTHUATOG.

1.1. Toapoadotéa

Ta mapadotéa tng epyaciag amoteAolvIaL Amo:
e Trv mapoloo avapopd.
e Tov xatdhoyo scripts/, tou nepiéyet Tov xMdwxa tne MATLAB.

e To cOvdeouo pe to anodetrpio mou nepiéyel 6ho to project ue tov xHdxa Tng MATLAB, tne avagpopds
X0 To ToPodoTEN.

2. MONTEAOIOIHEH KAI IIPOSOMOINZH Y YSTHMATOY EKKPEMOTY — OEMA 1
To cloTnuo Tou UEAETITOL TIEPLYRAPETAUL ATd TN YEOUULXOTIOMNUEVT] Blapopixy) e€lowon:
mL2G(t) + cq(t) + mgLq(t) = u(t)

omov ¢(t) elvan 1 ywvio Tou exxpepoie, u(t) 1 pont ewwddou, xou m, L, ¢, g puowméc oTadepés TOU GLUO THUATOC.

2(t) = [q.(t)]

q(t)

Opilovtac we ddvuopa xatdo Toong:

oL €LIOMOOELS XATACTAONG YEAPOVT KC:

x(t) = Az(t) + Bu(t)

S R B
T Tz mE?

H ouvdptnom petagopds Tou LU TAUATOS TEOXOTTEL and TNV apyixY| e€lowon oe:

Q) 1
U(s) mL?s?+ cs+mgL

OTou:

[ty tpocouoiwon yenowomotfinxe nuitovixn elcodoc u(t) = Ag sin(wt), pe Ag = 4 xaw w = 2. OL unéhoimeg
mapdueteol Hrav m = 0.75, L = 1.25, ¢ = 0.15, g = 9.81. O apywds yedvoc npocouolnong oplotnxe oe 20
deutepdlenTa, OTWE {NTEITAL TTNY EXPOVNON).


https://git.hoo2.net/hoo2/SystemModling/src/branch/master/Work%201
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Ynueiwon: H mpocoyolwon tou Oduatog 1 ypnolueuce oyl LOVO Yo TNV TAEATAENON TNG BUVAULIXAS TOU
CUGC TAUATOS, GAAS XOU YIoL TNV TURAYWYT) TV BEB0UEVWY Tou Yenowonolinxay cto Odua 2 yio TNy extiunon
Twv Topogéteny. H axeiBeia twv anoteheoudtwy Tou Ouatog 2 emPBeBaidivel T ooty piiuion xa uhomolnon
NG TPOCOUOIWOTNG.

2.1. Iopathpnorn Luumeplpopds XUo THULATOS

BAénoupe 611 0 clo U Tapouctdlel TEpLOBIXY andxpeloT), 1) omolo UK dev otadepomotelton Ypryopa. ‘Omwe
palveton 6T0 AU 1, T0 TAGTOC TV THAAVTWOEWY cuVEY(LEL Vo HETABAAAETOL aduT xou UeTd amd 20 deute-
POAETTA, YEYOVOS oL Oelyvel OTL To cUoTNUA Bploxeton axdun oe YeTofoTixn) XATAC TAOT).

H xoduotepnuévn obyxhon ogelleton xuplng:
e oTnVv TOA) wixph Ty Tou cuvtereo T andoPeonc (¢ = 0.15), xou
e 070 YEYOVOHC OTL M ouYVOTHTA TNE EL66d0L (w = 2 rad/s) elvat XOVTd 0T QUOLXT CUYVOTNTA TOU EXXEEROUG
(wn = \/g/L = 2.8 rad/s), tpoxaldviac @ouvépevo evioyuone (quasi-resonance).

[o tov AéYyo autd, emextelvape TN Sdpxeia tpocouolnong ota 90 deutepdrenta. ‘Onwe gafvetar oto Myfua 2,
10 cVoTnuo otadeponoteltan TEAMXS o€ TEELOOLXY| HopYY| Tepinou YeTd amd 50 SeuTEPOAETTA.
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EyApo 1 Andxpion touv cuothuatoc v t € [0,20] sec. H petofotxr) gpdon nopapével evepyn.
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SxAure 2: Andxpion tou cuoThuatog yio t € [0,90] sec. To chotnua otadeponoteiton o€ Teplodinf cUUTERLPOPE YETS
T 50 sec.

3. EKTmMHTH I[IAPAMETPON ME TH MEOOAO EAAXISTON TETPATONON — OEMA 2

H elowomn mou neplypdpetl T duvouxf ToU EXXEEROUC Elvol TNS Lop@hc:
mL{(t) + cg(t) + mgLq(t) = u(t)
H napandve egiomwon elvon ypouuixh we Tpog TLS TopoUéTEoUS, ETOUEVKC UTOREL Vo avadlotumwiel we:

mL?
u(t) = 014(t) + 02q4(t) + O3q(t) pe 6= | ¢
mglL

Y16)0¢ ToU TaPOVTOG EpWTAUATOS elvar 1 exTiunoy tou Swaviopatog 6 ye ypron Yeterioewy and tny €€080 Tou
ovoTAUATOS o1 TS €6ddou u(t), epapuolovtos TN uEV0Bo TwY ehoyioTWY TETEOY VLY.
3.1. Ymoepwtnuo 2o

Y10 mpwTo LToEPWTNUA Vewpeiton 6Tl elvon Bladéoideg HETENOELS OAWY TV UETUBANTOY XATAGTACTS, ONAXDT
q(t), 4(t) o G(t), xadde xou tne el0d6dou u(t). Anuovpyeiton Aowndy to npdBinua taAvdpdunong:

@1 @1 ¢
u=X0 oémou X = |G2 @ ¢
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H X)on tou mpoxinTel e ToV YVWwoTto TUTO:
0=(XTX)"1xTy
Aol extiunoldy oL TopdUeTEOL, YENOLOTOUVTOL Ylal VoL UTOAOYLO TEl 1 ETLTEYUVON dest () X0 0TN CUVEYEL T

OVAXAUTOOXEVUT) TNG AMOXELONG Gest () UE apriunuixy) ohoxhipwon. H Sadacio vhonoeiton e éva anhéd Bpdyo
enavdindme (for loop), émou yia x&de ypovixd Brua k vnohoyilovton Srodoyixd:

QEst(k:) = Cjest(k' - 1) + TS : ijest(k - 1)
Qest(k) = Qest(k - 1) + Ty - ‘jest(k - 1)

Yo Eyfua 3 Topouotdlovia 1) TEoryHOTiXr Xl 1) EXTHIOUEVY Yovia, xadde xou o opdhud eq(t) uetald Touc.

5 Actual vs Estimated Angle
I I I I

q(t)
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Estimation Error eq(t) = q(t) - §(t)
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SxAua 3: Anoteléopato extiunong TUpaUETEMY UE Xprion OAWY TV HETUBANTOY XATAC TAONS.

Yvunepdopata:  H extiunon napovoidler uhnhh axplBeta, ye oyetind o@dlpo uxpdtepo tou 6% yia dAec
Tic TopopéTEouc. O alyOpLIog XUTAPERE VO AVAXATACKEVACEL TNV AMOXELOT UE Wxed opdiua, emPBeBouwvovtog
™ YewpnTxr eyxuedTnNTa TNS Uedodou.

3.2. Ymoepwtnuo 23

Y Sevtepn nepintwon Yewpolye 6t Siodéoipeg elvor uévo ot yetphoelc e ywviag ¢(t) xaw tne ewo6dou u(t).
O mopdywyot §(t) xau G(t) vrohoyilovton aprdunuxd and to ofua ¢(t) pe xeHon dapopxdy TENECTOV 21
TéENe axpifelac (XEVTEIXWY Blapoptv):

. Qk+1 — Qr—1 .. Q1 — 2k + qr—1
q(te) = ——7—, q(tx) =

Axohouvdeiton 1 (B Soduxacio tahvdpdunone pe Ty tepintmon (o), GTWe Xat 1) AVoXATAOXELY TN AndXplomg.
To Yyfuo 4 delyvelr Ta avtioToya anotehéoporo.
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3 Actual vs Estimated Angle from q(t) only
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EyApo 4: Anoteréoparta extiunone nopopéteny e yeron wévo tou q(t) xon tou u(t).

Yvunepdopato: Iopd tov neploploud o dardéoiun tAnpogopla, 1 extiunon napéueive eEoupeTind oxplBre,
ue pxpéc amoxAoec and v mpaypatxr Twh. To yeyovog autd Belyvel Tnyv LoyueY| TALTOTONCLOTNTA TOU
CUGC TAUATOS Xol T BUVATOTNTA EQPAUPUOYHC TNS UEVOBOU axdun xou e EAMTH OEDOUEVAL.

20yxeion TwY 0L0 TEQITTWOEWY

O mapaxdte mivoxag cuyxelvel TIC TEAYHATIXES XU EXTILOUEVES TWES VLol ToL 0V LTOEPW TAUOTA:

Hopdyetpog | Mparyparuat T | Extiunon 2u | Segdhuo 20 (%) | Extipnon 28 | Seddpa 28 (%)

mL? 1.1719 1.1007 —6.07% 1.0977 —6.33%
c 0.1500 0.1690 +12.7% 0.1569 +4.6%
mgL 9.1969 8.8157 —4.15% 8.8002 —4.31%

[Mopatneoldue OTL %o oTIC 000 TEPITTWOELC oL exTufoelc elvan axplBeic xou otadepée, ue Tic anoxAloeg va
xupalvovtan o younAd eninedo. Mdhiota, T0 YEYOVOS OTL Tar OQAAUATA Elvol avToTOLY O aXOUa XU OTAY YET)-
owonoteiton Aydtepn mAnpogopior (nepintwon 2f), anotekel évdeln yio tn otadepdnta xan adlomotior TG
uevodou. Toautdypova, avadewxviel Ty Wialtepn onpacia TS EMAOYHC OHUATOS BLEYEPONS XAl TNS TOLOTNTOG
TWV OEOOUEVV.
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4. ANAAYSH EYATSOHTIAY THY EXTIMHYHY [TAPAMETPON — OEMA 3

4.1. Troepwtnua 3a: Enldpacn Asuxod GoplBou otic Metprioeic

Y10 LToEPMOTNUO AUTO TPOT TEVNXE AeUXOS Yxaouotavde VopuPoc ot dedopéva ¢(t) xan enavokripinxe 1 diadt-
xaoto extiunong tapauéteny and to Ofua 2. Xenowonofinxay 800 dlapopeTtind enineda YoplBou, ue TuTXA
anoxhion o = 0.001 xou o = 0.0025, dratnewvtos otadepr Ty elcodo xou Ty tepiodo derypotolndiog (Ts = 0.1
sec). Ov extyhoelc ouyxplidnxay ye v avtioToymn ywelc ¥6puBo, 1660 WS TEOC TO GPIAUA OTIC TUPAUUETPOUS
660 XL TNV oVaXUTOOXEVT TNS andxpiong ¢(t).

Output (o = 0.0010) Estimated Output (o = 0.0025)
T T T T T T T T

q(t) [rad]

o‘](t)irad]

N

_
<\\
<

I N
1
T >
T™S
S

i <\
D

Relative Error [%]
Relative Error [%]

Sxhua 5: Extiunon pe o = 0.001 SxAua 6: Extiunon pe o = 0.0025

IMapatnpRoeic: Do wxpd H6puBo (o = 0.001) n oxpiBeia napapéver PRI (o@dhua tepinov 10%). ‘Otav
o Y6puBoc avEdvetan (o = 0.0025), oL exTuhoelc emdevdvovTar onpavTixd, xuplng Yo o mL2 To yeyovée
auTd ogelleTon GTNY dEIUNTX TaEaYOYLoT, 1) onola elvan Wiaitepa eualodntn otov VopuPo.

4.2. Troepwnua 3f: Enldpaon tne Hepiddou Acrypatorndloc T

210 uToEEAOTNUA aUTH YeheTdToL 1) oxE(Belal TV EXTWACEWY G cuvdpTnom ue TNy nepiodo detypatoindiog T.
H npocopoiwon éywve yio didpxeia T = 20 sec, eved ta dedopéva deryuatolnttidnxay Eavd yio SlapopeTixnég
TWéC:

Ts € {0.01,0.05,0.1,0.2,0.5} sec

H extiunon éyive pe tov (8o tpémo dnwe oo Ofua 2B. Hapaxdtw mapovctdlovian Tor SQIAUAT EXTIUNONS VLot
%x&UE TUPAUETEO:

Ts [sec] | mL?  Sodhua (%) c Ypdhpa (%) | mgL  Sedhpo (%)
0.010 | 1.1708 0.09 0.1502 0.17 9.1928 0.04
0.050 | 1.1737 0.16 0.1505 0.34 9.2009 0.04
0.100 | 1.1826 0.92 0.1513 0.89 9.2249 0.31
0.200 | 1.2188 4.00 0.1547 3.16 9.3210 1.35
0.500 | 1.5186 29.59 0.1818 21.20 10.0959 9.78

ITivaxoag 1: Exuunoes xar mooootd opdiuatos nagauétowy pa Siapogetinés megtodovs T
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30 Effect of Ts on Parameter Estimation
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Sampling Period Ts [sec]
Byxhe 72 Xpdhpa extipnong we mpog tny neplodo derypotoindiog T.

IMapatneroesic: Ta T < 0.1 sec ol extiunoeic etvan e€anpetind axpBelc. And to Ty = 0.2 sec mapotneeiton
otadlaxt emdeivwor, eved oto Ty = 0.5 sec ol anoxAioelc elvon onuavtixéc. To gouvouevo autd ogeileton oTny
amdAelor TANeogoplag xatd Tn detypatorndio, xou uroypouuiler TNV avdyxr Yio ETAOYY XATIAANANG cuyVOTNTOC
detypotoandiog avdloya Pe TN BUVIUIXT TOU GUC THUATOG.

4.3. Troepwtnua 3y: Enidpacrn tou IIAdtouc Ewcddou Ay

Y& auTd To UTOEPWTNHA UEAETATOL 1) ETOPAOT) TOU TAATOUS TNE NULTOVIXHC ELGOBOL Ag oTny axplBelo Tng extiun-
one mopopéteny. H didpxeia tpocopoiwong diatnehdnxe otadepr oto T' = 20 sec xou 1 neplodog deryuotorndlog
ot Ts = 0.1 sec. To mAdtog Ag érhafe Ti¢ TWé:

Ag € {1,2,4,6,8,16}

[ xdde Ty, nparypoatomominxe ex véou mpocopoiwor, detypatohndio xon extiunomn tapauéteny e ) pédodo
ehayloTwy TETRPAYOVLY, Owe Teptypdpeton oto Ofua 2B. Iopoxdte mapovotdlovian to opdipato extiunons
Yol OLUPOPETING TTAALTY:

Ao | mL?  Yodwa (%) c Yoo (%) | mgL  Sdhpo (%)
1 ] 1.1826 0.91 0.1514 0.90 9.2247 0.30
2 | 1.1827 0.92 0.1513 0.90 9.2250 0.31
4 | 1.1826 0.92 0.1513 0.89 9.2249 0.31
6 | 1.1826 0.92 0.1513 0.90 9.2249 0.30
8 | 1.1826 0.92 0.1513 0.90 9.2248 0.30
16 | 1.1826 0.92 0.1513 0.90 9.2248 0.30

ITivaxog 2: Exupnoes xar mocootd opdiuatos maauétowy pa dapogetind midtn Ag
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Effect of Input Amplitude on Parameter Estimation
\ \
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Input Amplitude AU
SxHua 8: Xpdhuo extiunong napauéTewy CUVIPTHCEL TOL TAATOUG ElcdBouL Ay.

IMopatneioeig: Ta anotehéopata delyvouv OTL 1 axplfBela TwV eEXTUNOEDY TUPUUEVEL OYEDOY OTAVERT] oLve-
EapthToe Tou Thdtoug Ag. To péyloto oyetnd opdhua xupaiveton evide tou 1% yio dhec tic napapétpouc. To
elpnuo autd elvon avoevouevo, xome To UTd PeRéTN aloTnua elval Yeauxd we Tpog TN poTH Elo6dou u(t).
H elowon:

mL%§(t) + cq(t) + mgLq(t) = Agsin(wt)

delyvel 6Tt To Ag amotehel amhmg €V YRoUUXO TOAATAACLAC TiXO CUVTEAEG TN TNG ELGOB0U, Ywelg v enneedlel
TN 6oWY| TOU GUC THUATOC.

LUVETOE, Ol TREOYUATIXEC TUPAUETEOL TOU CUCTHUNTOS Bev e€aptwvTon and to péyedog tou Ag. To pévo mou
uropel va ennpedleton eivon 1 apriuntind axplBela twv Topaydywy (xar xot enéxtacn Tne extiunong), uéow
0L A6YoU ofuaTog TEog apliuNTXd o@diua xatd Ty tapayoyion (numerical SNR). Qotdoo, yia g twée A
Tou e€eTdoTNXAY, 1) axpifeia Topéueve LPNAT.

5. Y TMIIEPASMATA

Yy moapovoa epyacio peAetRdnxe 1 extiunomn mopouéTewY EVOS YOEOUULXOTONUEVOU UOVTENOU EXXPEUOUC, UE
eQopUoY TNe pedodou twv ehaylotwv tetpaydvwy (Least Squares). Apywxd mpayportonotidnxe oprduntixd
TeoGoUolwoT Tou U TAUATOS, e€eTdloVTag TN BUVAUIXY Tou xoi Tov LIS otadepomoinong NG amdXEIGHS
TOU.

YN cUVEYEL, YENOIOTOLHINXAY To DEBOPEVA TNS TEOGOUOIWOTC Yid TNV exTiUNon Twv Tupauétewy mL?, ¢
xow mgL, pe Bdon poévo tic petprioeic e Yoviog ¢(t) xou e ewo6dou u(t). Ta aroteréopota €deilay bti, und
Woavixée ouvirxeg, 1 uédodog odnyel oe TOAD axpBelc eXTUAOEL.

H avéhuon twv Trocpwtnudtwy tou Oéuatoc 3 avédele tn ouunepipopd e UeVddou oe PEANoTIXOTERY
oevdpla. Alamotainxe oti:

e H npooifxn heuxol Yoplfou oto ¢(t) uewdver onuavtxd ty axpeifela, Aoyw tne evonoinoiac tne optd-
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UNTC Taparywytong otov Yépufo.
e H neplodog derypatohndiog emnpedlel €vtova tnv motdtnTa extiunong: mohl aponr) derypotoAndlo odnyel
O€ UEYAAN amwAela TANEOPOplaC.
e To mhdtog tng ewwbdou Ag dev emnpedlel ovotaoTixd Ty axp(Bela, xadwg 1 dour) Tou cucTAUaTog elvan
Yeauuxh we meog to Ag.
Buvohixd, 1 UeRETn avéSELEE TG BuVITOTNTES AN Xou Toug TEpLoplooVS TG Uedodou LS o Siaxpitoypovinég
CUVUAXES, TOREYOVTAS TOAITYIN CUUTERAOUITA YLl TN YV 0N TNS OF EQUPUOYES DUVAUIXTS LOVTIEAOTIOMOTC.
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