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INoctpoenue cucreM ynpaBiIeHUs C MCHOJIB30BAHUEM KaK MOXKHO MEHBIIETO KOJMUYECTBA JAaT-
YHKOB SIBJIICTCS] OYeHb HHTEPECHOH U MEepCIIeKTHBHOMN 3a1aueil B obyacTi aBToMaTn3anu. Vc-
MOJb30BaHHUE JATYUKOB HMMEET HECKOJIBKO HEJOCTATKOB, INIABHBIMM U3 KOTOPBIX SIBIISIOTCS
ommbKka U3MEpPEeHNs] U HaJeKHOCTb. Taxoke HE BCErAa IPeoCTaBIIeTCs BO3MOXKHOCTh UX UC-
MOJIB30BaHMs JUIsl a[JeKBATHOIO M3MEPEHHUS TEPEMEHHBIX COCTOSIHUSA. J{JIs pelleHus 3Tux mpo-
0JeM Ha MOMOIIb NMPUXOIAT HaOJIogaTeny cocTosHus. OHH MO3BOJSIIOT YMEHBIIHTh HEO0X0-
JIIMO€E KOJIMIECTBO JATIMKOB, YTO MOXKET ITOJIOXKHUTEIFHO CKa3aThCs Ha YIPABJICHHN 00beKkTa. B
JTaHHOW paboTe OBLIM PacCMOTPEHBI MPOCTEHINEe HAOIIONATEIM COCTOSIHHS B BUJIE PEANIbHBIX
i hepeHIIPYIOIHX 3BEHbEB Ha IPHIMepe 00paTHOrO MasTHUKA Ha TEIeXKKe, JUIS OLIEHKU CKO-
POCTH yIJa OTKJIOHEHHS H €ro yCKOopeHus. B xone mccnenoBanus BIusHUS JuddepeHnupyo-
X 3BEHBEB M IIOIPEIIHOCTH JAaTIHKA W3MEpPEHHUs yIia Oblia MCIIOIb30BaHa MOJENIb 00beKTa
IPH OTCYTCTBHM MOMeHTa nHeprnud. CTaOHan3anys MasTHUKA B BEPTHKAIBHOM IIOJIOXKEHUH
OblIa peaM30BaHa IIPU IIOMOIIU PEryJsITOpa, COCTOSIIEro M3 ABYX HobaBok. IlepBas w3 HHX
CIy)KHT JJIs1 IMHEapU3aliH HCXOJHON MOJeIN OOBEKTa IPU YCIOBHY MAJbIX YIJIOB OTKIOHE-
HHS OT BepTHUKaIu. Bropas mo0aBka CIIyXHUT Ul CTAaOWIM3aLUH MOJNYYHBIISHCS JIMHEAPH30-
BaHHOH MozenH. Pacder peryistopa mpoH3BOAMICS MOAAIBHBIM METOJIOM CHUHTe3a. 3aTeM Obl-
1M 100aBJIeHB pealbHble Tud(hepeHIUpYyONIe 3BeHbs U OLIEHKH BEKTOpa COCTOSIHUH. Bpimi
PaccMOTpeHBI Citydail H3BECTHOT'O yIila M €ro MPOU3BOJHBIX U CITydail TOJIbKO U3BECTHOIO yrila
IIPU HEKOTOPOH MOrPEelIHOCTH AaTuuka. [IpoaHann3upoBaHbl JaHHbIE CIydaH IPH Pa3IMYHbIX
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70 B.I0. Qumowos

B nanHO#t pabore paccMOTpeH OOBEKT NEepeBEPHYTHI MasSTHUK, ONMMCAHHBIA B
pabore [1], npu ycoBuM IpeHEOPEKEHUSI MOMEHTOM WHEPIMH /ISl CITydasi, Korja
JIOCTYIHBI M3MEPEHHIO BCE KOMITOHEHTHI BeKTopa O, U JuIs cirydasi, Korjia eCTh BO3-
MOKHOCTb M3MEPUTH TOIBKO YroJl OTKIOHeHus ®. Jlanee OyneTr paccMOTPEHO BIIHS-
HHE TIOMEXH U3MEPEHUs yrila OTKIOHEHHS ©.

1. HOCTAHOBKA 3AJIAYHN

HcxonHblii 00OBEKT ONMCHIBAETCS ABYMSI HEITMHEHHBIMU IU(QepeHInabHBIMA
ypaBHeHusMH [1]:

1- ml cos2 0 |6-Lsin0+ ml sin@cos0- 6% =— cosB-u, (1)
M,L L M,L M,L
1- ml cos’ 0 S—ilsin992+m—glsinecos9=—Lu, 2)
M,L M, M,L M,

rjie m — Macca MasiTHUKA; mg — Bec MasTHUKA; M — macca Tenexku, M,=m + M,
0 — OTKIOHCHHWE MasTHUKAa OT BEpTHKaNW; [ — JUIMHA 3BCHA MAsTHHUKA,

_I+ml2

L ; I — MomeHT uHepuy; S — nepeMerienue tenexku. Ilog v nonnmaer-

ml
cs 3aJlaHKe Ha MOJIOKEHHE MasTHUKA 1o yriny ®. PaccMatpuBaeTcst 4acTHBIN City-
qaii, korma M # 0, [ =0, a mapamerps! oobekra [1]:

M =30, m=70, L=1=1, g=10, M, =M +m =100. 3)
IloncraBuUB 3TH 3HaYEHUS B UCXOIHBIE YPABHEHUS, TOTYIUM

(1-0, 7 cos? 0)S —0,7sin 00 +7sinOcos 0 = —0,01u . 4

(1—0,7cos2 6)6—105in6+0,7sin9cos9~(‘92 =-0,01cos0-u . 5)

Paccmotpum perynsitop, paccuuTaHHbIH B padote [2].
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JlaHHBIN PerynsaTop COCTOMT M3 JABYX 4acTedl [9]: nmHeapusyromiel 100aBKU U
JUHEWHOro cradwimsupyroniero 3BeHa [4]. JluHeapusyromas g00aBKa MPUBOIUT
ypaBHEHHE MAsTHUKA K BUIY

0,30—10=—0,01u. (6)

VYpaBuenue (6) — 3T0 HeNMHEHHOE ypaBHEHHE (4) PU YCIOBUM MaJIBIX OTKIIO-
Henuii yrma 6=0, 6=0 [5].
JIuHeapu30BBIBATh YpaBHEHHE TEIEKKH HET HEOOXOJMMOCTH, TaK KaK peryis-

TOp [UIsl €€ CTaOMIIM3aIMY B paMKax 3TOH CTaThH paccMaTpuBaThCsl HE OyieT.
YpaBHeHUE JTHHEApU3YOIIeH 100aBku [3]:

~0,01u, +(0,7 cos” 0-0,7)8—10sin 6+100+0,35sin O cos 062
u= .

(7
—0,01cos 0O
YpaBHEHUE JTUHEHHOTO CTA0OMITU3UPYIOIEro 3BeHa [6]:
u, =4500+32500+37500. (®)

Crabwmusupyromiee 38eHO (8) OBUIO PacCUUTaHO MOJATEHBIM METOJIOM [8] st
ypaBHeHus (6).

Byznem cuuTaTh, YTO BEKTOpP COCTOSIHHS ® MOJHOCTHIO TOCTYIICH U3MEPEHHUIO CO
100 %-ii TouHocThI0. [locTponM nomy4deHHyto cucremy (puc. 1).
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Puc. 1. CTpyKTypHas cxeMa 00beKTa ¢ PeryiIsTopoM
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Janee mpeamnonoxum, 4To U3MEPEHHIO TOCTYIEH TOIBKO Yol OTKIOHEHUS Ma-
STHUKa ® M C HEKOTOpPOH TOYHOCTHIO ®n = @ + A sin of, Tae ®n — U3MepeHHbIH
yros, a OcTaJIbHBIE COCTABISIONIME BeKkTopa ® OepyTcsi NpHM IOMOIIM PeabHBIX
nmuddepernupyronmx 3seHbeB [10] (puc. 2 u 3).

[OaTtunk u and. 3BeHbA
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Puc. 3. CtpykrypHas cxema «00BEKT + peryisrop +
+ JaT4uk + L[I/ch. 3BCHBS
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Puc. 4. I3meHeHue yriia MasTHUKA, W3-
Me-HEeHHUE TTOJIOKEHUSI 1 CKOPOCTH TeJIeK-
K{

JUTSL CXEMBI, TIPEICTaBICHHOH Ha puc. 3

PaccMoTpuM mepexoHbIe MPOIIECCH CUCTEMBI (pHUC. 4) CO BCEMU KOMITOHEHTA-
MU O M CHCTEMBI C HAXOXJICHHEM MPOM3BOIHBIX yria ® mpu moMomy muddepeH-
UPYIONIMX 3BeHbEeB i cnydas A = 0 u t = 0,05 (yron usmepsiercst co 100 %-i
TOYHOCTEIO) (pHC. 5 1 6).
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Puc. 5. IlepexonHble IpoLECCH Puc. 6. TlepexonHble Iponeccs
pu O(0) = pi/8 ipu O(0) = pi/4
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IMonpoOyem yinydmmTh nokasatenu JuddepeHIupyomuX 3BEHbEB, N3MEHUB
1=0,05 10 t= 0,01 (puc. 7 u 8).
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Puc. 7. TlepexoaHble MpoIeCcChl Puc. 8. Tlepexomapie TPOIECCHI
ipu O(0) = pi/8 ipu O(0) = pi/4
Janee paccmorpum ciyyaii, korna A =0, t= 0,01 (puc. 9 u 10).
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Puc. 9. TlepexonHsle TPOIECCHI CHCTEMBI

On(t) NpU pasIMYHBEIX AMILIATYAAX TO- MBI ®On(f) IpU Pa3IMIHBIX YacTOTaX II0-
rpetocty, On(0) = pi/4 rpemrHoctH, On(0) = pi/4

Puc. 10. TlepexomHble TPOIECCH CHCTeE-
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O06nacTb ycTOHYMBOCTH NpUBE/eHa Ha puc. 11.

Obnactb
. YCTOM4UBOCTH

O(0),rad

C \ | i it i
0 0.01 0.02 0.03 0.04 0.05 0.06
T

Puc. 11. Obnacts ycroitunBoctd mpu A = 0

OueBHIHO, YTO BBEACHUE B CHCTEMY (B (PEPEHIUPYIOIINX 3BEHbCB MEHSCT Ka-
YeCTBO MEPEeXOJHbIX mporeccoB [7]. Tlpuuem MIUTENBHOCTH MEPEXOAHBIX MpoIiec-
COB CUJIBHO 3aBUCUT OT HadalbHbIX ycnoBuid. Ilpu t= 0,05, ®(0)=pi/§, t;,> S u
npu O(0) = pi/4 cucrema CTaHOBUTCS HEYCTOHUYMBOM. B mydiryio cropoHy cutya-
IMI0 MeHsAeT yMmeHblieHue t. Tak, npu t= 0,01, ®0)=pi/8, ¢,=1,5¢c u npu
©(0) =pi/4 t,=6c. Kasanoce Obl mapafoKCaabHbIM, HO IPH BBEJEHUU OMIUOKH
m3MepeHus O Bua On = O + A sin ®f, IpU yIaYHOM TO00pe A U ®, YIaeTCs CHU-
3UTh BpeMs IepexomHoro mporecca. [lpu A =0,2, o = pi/4, 1= 0,01, ®(0) = pi/4
BpeMs1 IEPEXOTHOrO IpolLecca CTAHOBUTCS f; = 2,2 C.

3AKIIOYEHUE

B nannoii pabote Obla paccMOTpeHa cucTeMa «OOBEKT + PEryssTop», B KOTO-
PO BEKTOP COCTOSHHMS Opajcst M3 CaMoro oOBEKTa, M CUCTEMa «OOBEKT + peryis-
TOp + AaTuuk ¢ auddepeHIUpPYONMME 3BeHbIMI». BbUTH PacCMOTPEHbI Clydau
pa3UYHBIX HAYANbHBIX YCIOBHI, pa3MYHbIX 3HAYCHUII mapamMeTpoB T, A u ®. Ilo-
JIydeHa 00J1acTh YCTOMYMBOCTH 00beKTa, 3aBucsamas ot ®(0) u t.
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Applying of derivative element for control of inverted pendulum”

V.Yu. Filiushov

Novosibirsk State Technical University, 20 K. Marks prospekt, Novosibirsk, 630073, Russian
Federation, master student at the department of automation. E-mail: filiushov.viadislav@
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Designing of control systems, with minimization of sensors amount is attractive and perspective
aim of automation field. Sensors applying have several problems, the main problems are meas-
urement error and reliability of it. Also we cannot always apply them to measure variable state.
The solution was found in state watchers. They could minimize amount of required sensors and it
could be better for object controlling. In this paper was described the simplest state watchers (real
derivative link) at example of inverted pendulum on a cart for evaluation of angle speed and ac-
celeration of it. During the research of effect of applying derivative link and sensor’s reliability
error, was used model of inverted pendulum without momentum of inertia. Pendulum stabiliza-
tion at vertical position was implemented by regulator that consisted of two parts. The first part
was used for linearization of original object in case of little angle changing. The second part was
used for stabilization of linearized object. This regulator was designed by modal method of syn-
thesis. For measurement of state vector we have applied derivative links. We considered cases of
known state vector and when we know only pendulum angle. We have analyzed this cases in dif-
ferent zero states and 1, A, ®

Keywords: inverted pendulum, cart, modal method, derivative link, regulator, implement, meas-
urement error, synthesis
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