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an onpegensHe napameTpute Ha OCHOBHWUTE pa60THI/1 OBWXEHNA B CUCTeMWUTE 3a NPOrpamMHO ynpaBfeHne Ha POTOpHUTE 6arepv1, Ce M3Non3Bat CIOXHW
MaTemMaTU4H 3aBUCUMOCTM, U3UCKBALLW U34MCNABaHE Ha NpaBu U OﬁpaTHVI TPUrOHOMETPUYHN beHKU'I/II/I. MI/IHVIMVI3aL[I/IFI Ha ns4ncnuTenHuTe onepauun moxe aa
Obae M3BBbPLLIEHA Ype3 U3Non3BaHe Ha maTteMaTtuyHu Moaenu. OcHoBeH np06neM Npn TbPCEHETO UM Ce ABABA 06CTOATENCTBOTO, Ye U3X0AHaTa MHdopmaLws ce
nony4aea 4pes3 CkaHupaHe C NOCTOAHHA CTbllKa. B pesyntar ce nossaea MyNTUKONMHEAPHOCT, KOETO BOAM A0 HAaMUPpaHe Ha KOB(‘)MU‘MGHTM, CUNHO pasnuyaBsally ce
no nopsaabK. ToBa 3aTpydHABa nporpamMHarta peanus3auus, HamanaBa HafdexXaHOCTTa Ha npoBepkata 3a afeKkBaTHOCT Ha MoJena W BnowaBa TOYHOCTTa Ha

npenckasaHune.

B cratusTta ce NpeacTaBAT pe3yntatute OT npunaraHeTo Ha TpK NoAxoda 3a HamupaHe Ha modenu ¢ I'IOJJ,OﬁpeHM XapakTepucTukKM — HopManu3auua Ha (baKTOpMTe,

CTaHOapT13aLmna Ha perpecopute 1 U3nonssaHe Ha pUmx-perpecoHeH aHanus.

MOCTAHOBKA HA 3AJJAYATA

PaboTaTa Ha poTopHUTe Garepu e CBbp3aHa C U3MbIIHEHME
Ha UMKMYHA MOCTEfOBaTENIHOCT OT [BXeHus. [porpaMHOTO
M yrpaBrieHne Ce M3BbpLIBa Ha 6a3aTa Ha NpenBapuTesiHO
(hMKCMPaHM KOOPAMHATHW OMOPHY TOYKW B MPOCTPAHCTBOTO Ha
3ab0s. ToBa no3BONABa MapameTpuTe Ha [BWXEHMATa fa
OboaT onpefeneHM C MOMOLTA Ha MaTeMaTudHU 3aBu-
CMOCTH.

1A3non3BaHeTo Ha aHanMTMYHO M3BefeHW u3pasu (Unues,
2001; Unwues 2002) e cBbP3aHO C MOrOKPATHO M3YKUCISBaHE Ha
pagukanM 1 MHOXECTBO NpaBy W 0OpaTHU TPUrOHOMETPUYHM
(YHKUWKM, KOETO He no3BonsBa fa ObgaT M3MbIHEeHU
M3ncKBaHUsTa 3a OGbp3oaeiicTBue. ToBa Hanmara TbpPCEHETO Ha

apyru noaxoau 3a mofenunpaHe, 4pes KOUTo napaMeTpute Ha
OCHOBHUTE paGOTHVI OBWKEHNA f[a ce onpeaendar Cbe
3a0BONUTESTHA 3a NPaKTUKaTa TOMHOCT, NP MUHUManeH 6p017|
n34ncnnTenHn onepauun.

EaHo pobpo pelenve, npegnoxeHo ot Wnues (2002), e
HaMWUPaHETO Ha PerpecoHHN MOLENU, OLIEHEHN Ype3 MeToada
Ha Hai-mankute kBagpat (MHK). M3nonssaHeTo UM He camo
no3BOnsBa M3rpaxaaHe Ha YHUUUMPaHW anroputMi 3a
nporpamHo  ynpaBereHue, WHBApUAHTHU MO OTHOLIEHWE Ha
knHemaTuyHuTe ocobeHocT Ha bGarepute, HO M BOAM [0
MHOTOKpaTHO HamansiBaHe Ha Heobxogumusi Gpolt u3dmc-
nuTenHn onepauuv (Tabmmua 1).



Tabrmua 1



XapakTepHa 0COGEHOCT Ha MOMyyeHuTe MaTemaTi4Hu
OMMCaHWA € LUMPOKMS [ManasoH Ha M3MeHeHWe Ha
koeduUMEHTUTE B ypaBHeHWATa Ha perpecus. O6uyaitHo
sBNeHne e ga ObaaT HaMUPaHU KOE(ULMEHTU Mo-Marku OT

10'5, KOUTO He MoraT Aa 6baaT npueTW 3a He3HauYuMM, Tbit
KaTO OTXBBPISHETO UM BOAW [0 CbLIECTBEHO BIOLIABAHE Ha
npeLckasealyTe CBOMCTBA Ha MogenuTe. [pyr npobnem ce
sBABa (pakTa, Ye OLEHKATE Ha KOeULMEHTUTE CE ThPCAT C
MOMOLLTa Ha W3YMCIUTENHA TEXHWKA M B MporpamHa cpefa,
CbLLECTBEHO pa3nnyaBalLy ce OT Te3W, pearHo U3NoN3BaHn B
cucTemute 3a aBtomatusaums. Hanpumep MATLAB onepupa
C yucra, npeactaseHu ¢ 16 3Havewy undpu v nopsobk

1Ot308. lMpakTuyeckn Hepeanusyemo € B CUCTEMMTE 3a
MpOrpamMHO ynpaBreHne, PErpecMoHHUTE KOeULIMEHTH fa ce
3afaBart B TO3U BUA. Ho onutbT MOKa3Ba, Ye HaMansgBaHeTo Ha
Bpos Ha unudpuTe, M3NON3BaHM NpW NPeaCTaBAIHETO UM, BOAM
[0 3HAYMTENHO BMOLUABAHE HA TOYHOCTTA Ha MpeAckasaHue.
ToBa Hanara npunaraHe Ha Apyri NoAxXoau 3a MoAenupaHe Ha
OCHOBHUTE pabOTHW ABWXEHUS Ha poTopHuTE Garepw, upes
KOMTO [a Ce MOCTUTHe HamarnsBaHe Ha [JuanasoHa Ha
W3MEHEHNE Ha KOE(UUMEHTUTE W YYBCTBUTENHOCTTA KbM
npoMsiHaTa Ha Bposi Ha UMdpuTE C KOUTO Ca MpencTaBeHy,
Mpu 3anasBaHe Ha NPeAcKa3BalLuTe CBOACTBA HA MOLENuTE.

noaxoau 3A NOAOBEPABAHE HA XAPAKTEPUCTUKUTE
HA MATEMATWUYHUTE ONMUCAHNA HA OCHOBHWUTE
PABOTHW ABXEHMA HA POTOPHWTE BATEPU

TbPCEHETO Ha MaTeMaTUYHI MOAENM, ONKCBALLM OCHOBHUTE
PaboTHU ABUXKEHWS Ha POTOPHUTE Garepu, e CBbP3aHO ChbC
cneaHuTe ocoGeHoCTH:

- HECMMETPUYHOCT Ha (DAKTOPHOTO MPOCTPAHCTBO, B
Pe3ynTaT Ha CblECTBEHO pasnnyaBallus ce AManasoH
Ha 3MeHeH1e Ha (haKTOpUTE;

- HanuuMe Ha Kopemauus Mexgy CTbnboeeTe  Ha
pasluMpeHaTa MaTpuua Ha MnaHa Ha excnepumeHTta F,
MpeansBMKaHa OT HauMHa Ha (hopMMpaHe Ha BXOAHWTE
AaHHM.

ToBa Hanara W3non3BaHETO Ha CheuuduyHu Noaxoan 3a
obpaboTka Ha MHdopMaLusiTa.

PaboTa ¢ HOpMUpPaHW NPOMEHSIBH.

BxogHuTE AaHHM 3a OLUEHKA Ha MOAENuUTe, OMMCBALLM
OCHOBHUTEe pPabOTHW [OBWXEHUS Ha POTOpPHUTE Oarepu, ce
noryyaBar 4pe3 CkaHupaHe C NOCTOEHHa CTbnKka. B pesyntar

Ce nosBABaT 3HAYMMM KOpenauuu OT Tuna rx,-,x,-z ),
2

P XX ) r(Gx ;%7 ) rxi,xf), BBMPEKM, Ye haktopute

X; W X; ca HesaBucumu. ToBa npeau3BuKBa noLua

06yCrOBEHOCT Ha MH(OpPMaLMOHHATa MaTpua G = F1F U

BOAM [0 npobnemu npu M3non3saHe Ha MeToda Ha Hau-
MankuTe KeagpaTu, pasrnefaHu oT ByukoB u Bosmkuesa
(1987).

B Tosu cnyya e nonesHo Npeau TbPCEHETO Ha
PErpeCUOHHUTE KOEHULIMHTM Aa Ce M3BBLPLUM LEHTPUpaHE U
HOpMUpaHe Ha dhakTopuTe. TO3W MOAXOL € M3cnedBaH M
nponaraHaupax ot D. Marquardt (1980) :

4 Xij~ X;
X. . = L — P .o
i - B i=1...m = 1.,N
J X; - minx; ; 0/ (1)
J ’

kbaeTo m e bpos Ha chaktopute, N — Bpoi onuTy, a
N

-1

x.= —V x:

i ij -
N1



Tui KaTo )”( € C HyreBo MaTemaTU4ecko O4vaksaHe,

TEOPETUYHUTE KOEHULMEHTU Ha Kopenauwsi Cblo cTaBaT
paBHM Ha Hyrna. Ha npakTuka Te ca Manku Yicra 1 matpuuata
G B 06w cnyyai e fobpe obycnoseHa.

CTaHgapTM3npaHe Ha perpecopure.

Toan moaxod Ce M3Non3Ba, korato (haktopute umar
pasnuyeH (U3MYECKM CMUCHI U Pa3MEPHOCT, KaKbBTO € U
CryyastT mpu MOAeNupaHe Ha paboTHUTE [OBWKEHMS Ha
POTOpHUTE Barepy.

CTOMHOCTMTE Ha CTaHOAPTU3MPAHUTE pPerpecopu ce
onpeaensT Mo 3aB1CMMOCTTa:

o PP -.

fins il gk, j= LN,
N -\2
Z (fui - fl)

u=1

KbZeTo f . € CpefHoapUTMETUYHATA CTOMHOCT Ha i-Tus CTbNb

1

Ha F, a k — 6post Ha OLEHABAHUTE KOEULINEHTU.

MogensT ce ThpCK MO MeToda Ha Hail-MankuTe kBagpatu,
KaTo ce M3non3Ba CTaHAApTU3MpaHaTa MH(OPMALMOHHa
MaTpuLa.

Perynapusauus

3a MbpBuM MbT perynsapusaLmoHHM METOAM ca NMpeanoXeHu
oT TuxoHoB (1979). Te ca eheKTMBHO CPEACTBO 3a OLEHKa Ha
MOAENM NpW HanuuMe Ha MYNTUKONWHEApHOCT (MuHenHa
3aBMCMMOCT MexXy CTbnOOoBeTE Ha pasluMpeHaTa MaTpuua Ha
nnaHa Ha ekcnepumeHta). Obenchain (1997) Ha 6asa Ha
W3BbPLIEHNS OT HErO CPaBHWTENEH aHanus, e Jokasan, 4e
Hal-pa3snpoCTpaHEHNs U Hal-4ecTO M3MON3BaHUs MeToR OT
Taau rpyna e pumX-perpecuoHns aHanms, Npn KONTO OLEHKNTE
Ha KoehMLMEHTUTE Ce onpeaensT No 3aBMCMMOCTTa:

E}p z (FTF+ P)_IFTY , (3)

KbOeTo Y e BeKTop-CTbnb C AaHHWTe 3a u3xopa, a P e
MOMOXMTENTHO OMnpefeNieHa mMaTpuua ¢ pasmepHocT (k x k).
Hait-yecto P wma Bupa £ = pE | xboeto E e eauHuyHa
MaTpuua, @ p NpeAcTaBnsiBa NapameTbp Ha perynsapusaums.

Hoerl n Kennard (2000) ca fgokasanu, Ye mpw 3agauum
MYNTUKONMHEAPHOCT € Bb3MOXHO [ Ce HaMepu CTOMHOCT p°

, NP KOATO OLEHKNTE Bp , Makap 1 U3MecTteHu, ca MHOro no-

6nmskn go TEOPEeTU4HNTE KOGCbVILWIeHTM E B CpaBHEHWE C

Te3un, MOMyYeH! NpK M3MON3BaHE Ha Knacuyeckns MeToh Ha
Hal-MarnkuTe KBagpaTu.

Tabnuua 2a/

OcHoBeH Npobnem Npu NPUNOXKEHNe Ha PUSK-PETPECHOHHMS
aHanM3 € HaMUpaHeTo Ha OmTAManHata CTOWHOCT p .
360pbT Ha NapamMeTbp 3a perynspusaums He MOXe fa CTaHe
€HO3Ha4Ho, TbIl KaTO M3MECTEHOCTTa Ha OLEeHKuTe ép n
obobujeHaTa CpeaHOKBaapaTMYHA rpeluka 3aBUCAT OT Hews-
BECTHUTE TEOPETUYHM KOB(ULMEHTH Ha perpecust [ . 3aToBa

ca npegnoxeHn ronam 6pon kpuTepumn 3a OMTUMAnHOCT. 3a
HaMUPaHEeTo Ha MaTemMaTU4ecKoTo OnucaHue Ha OCHOBHUTE
paboTHM [BWXKEHWS Ha poTopHWTE Oarepu € W3NOn3BaH

~ . - *
LEeTepMUHMPaHus Kputepuit Ha Vinod mpu koiiTo p ce
onpesens OT YCIOBMETO 3a MUHUMYM Ha (DyHKUMSTa:

ellk-1)s? T
= LR |
0 IZE 50 H | “
A ok

C 4, ,i=1..,k1 ca o3HayeHn cobCTBEHUTE Yucra Ha

CTaHgapTU3MpaHaTa MHGOPMALMOHHa MaTpuLa & )

Cnopen aBTOpa, HaMepeHUTe C M3MOM3BaHe Ha TO3u
KpUTEPUIA PUIK-OLEHKN, ca Hal-O6nm3ku 4o Tesun, kouto Buxa
Ce MOMy4YMnM NpW OpPTOrOHanHa MaTpuua Ha nnaHa Ha
eKcrnepuMeHTa.

PE3YNTATA 1 U3BOON

Pa3srnegaHute nogxoaM 3a HamupaHe Ha wmogemu ¢
NopoOpeHn XapakTepuCTUKM ca peanuaupaHu NMporpamMHo B
cpegata Ha MATLAB. Te ca npunoxeHM 3a OUEHKa Ha
koeuLMeHTUTe B MONMHOMM, NPeAHA3HaYeHU 3a OnpeaensHe

Ha MakcumarHaTa AbnbouuHa Ha 6roka 7, npu pabota ¢
potopHu Garepn Rs 1200 M MakCMMarnHoTO CbOTHOLUEHWE
Mexay gebenvHata M WMpoYMHATa Ha CTPYXKaTa iyq, MpU
Barepu C HeusHacsLa ce cTpena.

Upes pa3paboTeHuTe nporpamu ca nosyyeHn 1 u3cneasaxm
mogenu ot 1-BW, 2-pu WU 3-TM ped, KaTo TbPCEHETO e
M3BBPLUEHO MO KNACU4eckust METOA Ha Hali-MasnkuTe KBagpaTu
¥ C U3NON3BaHe Ha nNpeasioxeHuTe B pagen |l nogxoan.

HamepeHuUTe KOemULNEHTU B PErPECUOHHUTE YpPaBHEHNS,
OnMcBaLLM CbOTBETHO 7 KaTo (HyHKLMS OT bIbia Ha HaKIoH
Ha pOTOpHaTa CTpenia U MOMOXEHMETO Ha MexaHu3ma 3a
WU3HacsHe, U i, B 3aBUCMMOCT OT BMCOYMHATA Ha Cros U

3ajjaneHaTa Npou3BOAMTENHOCT, ca NMPeacTaBeHu B Tabnuum
2al n 26/






Tabnuua 26/



3a [a ce oueH MpUNoXUMOCTTa Ha NOSTyYeHnTe MOAENN B
CUCTEMWTE 3a MPOrPaMHO YNpaBIEHWE HA pOTopHUTE Barepw,
€ M3CredBaHo BNMSHWUETO Ha MakcumanHus Bpon uudpw, ¢
KOUTO Ce MpeAcTaBAT KoeduUeHTUTE B MOAena, BbpXy
TOYHOCTTa Ha npeackasaHue. 3a LenTa, npu pa3nuyHa cteneH
Ha 3aKpbInsBaHe, Ca onpegeneHu NpeackasaHuTe no mogena
CTOMHOCTM Ha u3creasaHmust napametsp Vi = L...N u ca
N34YUCTIEHM:

fl(yz - yi)z ;
i=1

- ocTaTbyHuTE Cymu Ha kBagpaTute O, =

- MakcumanHata abcontoTHa fPellka OT npenckasaHue

Amax = mlax|yz - .);l| .

Tabnuua 3a/

Tabnuua 36/

MonyyeHuTe pesynTaTit ca npeacTaBeHu B Tabmuuwm 3a/+3r/. B
MbpBaTa UM KONOHA € MOCOYEH TUMa Ha MoZena 1 rpaHnyHus
Gpoit umppu (3, 4 wmnm 5), ¢ kouTO Cca npencTaBeHu
KoeduumeHTUTe.

AHanM3bT Ha XapakTepUCTUKMTE Ha MOAENUTE, HaMEpPeHM
Mnpu M3NON3BaHe Ha pasnuyHUTE MOAXOaM, NO3BOMsBa fa ce
HanpaBesAT CleaHUTe U3BOAM:

1. Han-3Hauumo pasnuume B nopsigbka Ha HamepeHuTe
koeduUMeHT ce nonyyaBa Npu M3Mon3BaHe Ha MeToga
Ha Hall-MankuTe KBagpaTu, kaTo edekTbT ce 3acunea ¢
yBenn4aBaHe Ha pefa Ha mogena.



Tabnuua 3s/

Tabnuua 3r/



2. V3non3saHMAT noaxofd 3a OLEHKa Ha PerpecuoHHUTE
Moflenu MpakTUYecku Ha BNnse BbPXYy MakcuManHaTta
abCcontoTHa rpelLLka 1 ocTaTbyHaTa cyMa OT KBaapaTuTe.

3. Tpn nwuHeiHM wmogenn Hai-gobpu pesyntatn ce
nonyyaeat npu paboTa C LeHTpupaHu aktopu, a npu
kybnyHa perpecus, nopaau n3paseHara
MyNTUKONMHEAPHOCT, NpeanoyuTanmue 6u cnegsano ga ce
OTOafAe Ha PUIK-PETPECHOHHNS aHanu3.

4. BmbB BCMYKM Criyyaun HamansBaHeTo Ha Bpos Ha LudpuTe,
C KOWUTO Ce NpeAcTaBAT KoeUUMEHTUTE B MOLENUTe,
HaMepeHu Ypes MeTofa Ha Hali-MankuTe ksagpati, BOaM
[0 HEAyNoCTVMO YBennyaBaHe kakto Ha O, , Taka 1 Ha

A, . Ta3n TeHOgHUMA Ce 3acunBa C HapacTBaHe Ha
pena Ha Mofena.

5. TlpomsHaTa Ha uMdpuUTe B NPEACTaBSHETO Ha Koedu-
LUMEHTUTE B MOJENNTE, HAMEPEHM Ype3 W3MoN3BaHe Ha
onucaHnte B |l MOAXoAM, Ha MpakTMka He BoaM [0
npoMsiHa B MPeACKa3BalluTe CBONCTBA Ha MOZEnuTE.

Beuuku npoBefieHyn M3cneaBaHms nokassart, Ye 13non3BaHeTo
Ha PUOX-PErpecUOHHUS aHanu3 WnM CTaHgapTM3upaHe Ha
(hakTopu WnM perpecopu, BOAM [0 HamupaHe Ha MopAenu,
OMMCBaLYM OCHOBHUTE NapameTpu Ha paboTa Ha pOTOpHUTE
Garepu, KouTo ca ¢ NofoGpPEHM XapaKTEpPUCTUKL B CpaBHEHIE
C Te3n monyyeHn ypes MeTofa Ha Hail-Mankute kagpatu. Te
MoraT yCNellHo Aa Ce M3NOM3BaT B CUCTEMUTE 3a MPOrpaMHoO

ynpasneHue, 06e3 [a HanaraT BWCOKM W3WUCKBAHWS NO
OTHOLLEeHKNe Ha Xapayepa Ha ynpasndasallata cuctemMa.

NNTEPATYPA

ByukoB W.H., Jl. Bosipxuesa, E. Conakos. 1987, MpuknagHoi
NWHENHBIR PErpeccuoHHbIn aHanua., Mocksa, ®uHaHChHI 1
cTaTucTuka.

Wrues 3. A., 2002, OnpegensHe napameTpute Ha paboTHUTE
OBWKEHWS1 TpW  poTopHWTe Oarepu C noMowTa Ha
mMatemaTuiHn  Moperu, MexOyHapoOHa KOHGepeHyus
‘Aesmomamuka u uHgpopmamuka 02", C6opHUK Ooknadu
mom 1 (Bbr. , pestome Ha aHr.), 237 — 240.

Wnues 3. A., 2001, MeTog 3a onTMn3MpaHe napameTpuTe Ha
cTpyxkata npm potopeH barep SRs 2000, MexdyHapooHa
HayyHa cecus “YnpagneHue Ha npupoOHU U MEXHO2EHHU
puckose”, COopHMK goknmagn (6bnr., pestome Ha aHr.),
317-319.

TuxoHoB A. H., B. ApcenuH., 1979, MeTogbl pelueHus
HEeKOPPEKTHbIN 3agad., Mocksa, Hayka.

Hoerl, A. E., R. W. Kennard., 2000, Ridge Regression Biased
Estimation for Nonorthogonal Problems., Technometrics,
Vol 42, No. 4, 80-87.

Obenchain, R. L., 1997, Shrinkage Regression: Ridge, BLUP,
Bayes and Stein, Technometrics, Vol 39.

Marquardt D., 1980, You should standardize the predictor
variables in your regression models. J. Amer. Stat. Assoc.,
V75, pp 87-91.



Mpenopwyaxa 3a nybnukysaHe om
kamedpa “”, MEM®

10



Tawesa u dp. MATEMATUYHM MOLE/N C NNOOOBPEHN XAPAKTEPUCTUKM B CUCTEMUTE 3A ...
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Determining the parameters of main working motions in the systems for programmed control of wheel excavators utilizes complex mathematical relationships
requiring calculation of direct and inverse trigonometric functions. The minimization of computing operations may be achieved by using mathematical models. A basic
problem in searching for such models consists in the circumstance that the initial information is acquired through constant-step scanning. This results in the
occurrence of multicolinearity, which leads to finding coefficients of strongly differing orders. This impedes the program realization, decreases the reliability in verifying

the model adequacy, and worsens the accuracy of forecasting.

In this article the results of applying three approaches to finding models with improved characteristics, namely those of factor normalization, regressor standardization

and use of ridge-regression analysis, are presented.
FORMULATION OF THE PROBLEM

The wheel excavator work is connected with performing a
cyclic sequence of motions. Their programmed control is
performed on the basis of preset reference coordinate points
within the face space. This allows determining the motion
parameters with the aid of mathematical relationships.

The use of analytically derived expressions (lliev, 2001; lliev
2002) is connected with multifold calculation of radicals and
multiple direct and inverse trigonometric functions, which does
not allow meeting the requirements for fast response. For this

Table 1

reason it is necessary to seek other approaches to modelling in
order to determine the parameters of main working motions
with virtually satisfactory accuracy by carrying out a minimum
number of computing operations.

A good solution proposed by lliev (2002) consists in finding
regression models estimated by the method of least squares
(LSM). Using these methods not only permits building unified
algorithms for programmed control that are invariant with
respect to the excavator kinematic specificities, but also leads
to a multifold increase in the required number of computing
operations (see Table 1).
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A characteristic feature of the mathematical description
obtained is the wide range of varying the coefficients in
regression equations. It is a normal phenomenon to find

coefficients lesser than 10™ that cannot be assumed
insignificant as their rejection will lead to considerable
worsening of the models forecasting properties. Another
problem is connected with the fact that the coefficient
estimates are sought with the aid of computers and in a
programming environment that differs considerably from those
used in real industrial control systems. For instance, MATLAB
operates with numbers represented by 16 significant digits and

an order of 101308. Presetting the regression coefficients in
such a form is virtually unrealizable for programmed control
systems. However, the experience gained shows that the
diminishment of the number of digits used for representing
these coefficients leads to essential worsening of forecasting
accuracy. This requires the application of other approaches to
modelling the main working motions of wheel excavators,
through which a smaller coefficient variation range will be
provided and the sensitivity to changes in the number of digits
representing the coefficients will be lessened in order to
preserve the forecasting properties of models.

APPROACHES TO IMPROVING THE CHARACTERISTICS
OF MATHEMATICAL DESCRIPTIONS OF THE MAIN
WORKING MOTIONS OF WHEEL EXCAVATORS

The search for mathematical models describing the main
working motions of wheel excavators is connected with the
following specificities:

- An asymmetry of the factor space as a result of the
essential differences in factor variation ranges;

- A presence of correlation between the columns of the
augmented matrix from the experimental plan F, which is
caused by the way of forming the input data.

This imposes the use of specific approaches to the information
processing.

Working with normalized variables.

Input data for estimating the models that describe the main
working motions of wheel excavators are obtained by scanning
with a constant step. As a result there emerge significant

correlations of the type r(x,,x2), T XX ), r(xx;.x7 ),

r(x,-,x,-3 ), although the factors x; and *; are independent.
This is the cause for bad conditionality of the information matrix
G = FTF , and leads to problems in using the least-squares

method, discussed by Vuchkov and Boyadijieva (1987).

In this case it is useful to perform factor centering and
normalizing before proceeding with the search for regression
coefficients. This approach was investigated and promoted by
D. Marquardt (1980) :

X

o XiTX

= lm  j= LaoN (1)

where m is the number of factors, N the number of

N
experiments, and X; = —} X; ; .
j=1

As )0( has a zero mathematical expectation, the theoretical

correlation coefficients also become equal to zero. Actually,
they are small numbers and in the general case matrix G is
well stipulated.

Standardization of regressors.

This approach finds application when the factors have
diverse physical senses and dimensions, as it is also the case
of modelling the working motions of wheel excavators..

TOANILHUK Ha Murro-zeonoxkus yHusepcumem “Ce. Mear Puncku”, mom 46(2003), cs. I, MEXAHW3ALINA, ENIEKTPUOUKALINA U ABTOMATU3ALINA HA MUHUTE
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The values of standardized regressors are determined in
accordance with the relationship:

. fo—fz =20k j LN
Z (fm' - ft)

u=1

(2)

where f; is the arithmetic mean value of the i" column of F,

l

and k the number of estimated coefficients.

The model is sought by applying the least-squares method,
using the standardized information matrix.

Regularization

For the first time the regularization methods were proposed
by Tikhonov (1979). They are an efficient means for estimating
the models as regards the presence of multicolinearity (linear
relationship between columns in the augmented matrix of the
experimental plan). Obenchain (1997) demonstrated on the
basis of the comparative analysis he had carried out that the
most widespread and most frequently used method of this
group is the ridge-regression analysis, in which the coefficient
estimates are determined by the relation:
B,=(FTFe P FTY 3)
where Y is a column-vector with the output data, and P is a
positive definite matrix with dimension (k x k). Most frequently
P isinthe form P= pE  where E is a unit matrix, and p
represents parameter regularization.

Hoerl and Kennard (2000) have shown that for the problems
with multicolinearity it is possible to find a value p*, for which

the estimates B »» although displaced, are much closer to the

theoretical coefficients in comparison to those obtained by
using the classical least-squares method.

A basic problem of the application of ridge-regression
analysis consists in finding the optimal value p* . Selecting the
parameter for regularization cannot be done uniquely because
the degree of displacement of estimates l§p and the
generalized root-mean-square error depend on the unknown

Table 2a/

theoretical regression coefficients ﬁa . For this reason a large
number of optimality criteria are proposed.

The determined criterion of Vinod is used for finding
mathematical description of the main working motions of wheel
excavators. For this criterion p* is found from the condition for
minimum of the function:

elfk- 1)
0* 121H/1,—9 IH ’ @

- i

where 5i-r,and9=2—'

ey TR

The eigen-values of standardized information matrix 6 are
designated by 4, , i = L..,k-1.

According to the author the ridge-estimates found by using
this criterion are the closest to those that would be obtained for
an orthogonal matrix of the experimental plan.

RESULTS AND CONCLUSIONS

The considered approaches to finding models with improved
characteristics have been realized by programming in MATLAB
environment. They have been applied to estimating the
coefficients in polynomials intended for determining the

maximal depth of the block 7, in working with wheel
excavators Rs 2000 and the maximal ratio between the
thickness and width of the cut sickle i, for excavators with
fixed boom.

The programs developed have allowed to obtain and examine
models of 1%, 2" and 3™ orders, the search having been
accomplished through the classical least-squares method as
well as by using the approaches proposed in Section Il.

The coefficients found in regression equations that describe,
respectively, 7, as a function of the inclination angle of the
wheel boom and the position of the taking-out mechanism, and
inax @S a function of the layer height and the preset
productivity are shown in Tables 2a/ and 2b/.
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Table 2b/

FOANLIHNK Ha Munro-2eonoxkusi yHugepcumem “Ce. Mean Punicku’, mom 46(2003), cs. lll, MEXAHUSALIWA, ENTEKTPUOUKALIMA M ABTOMATU3AUMA HA MUHUTE

1



Tawesa u dp. MATEMATUYHM MOLE/N C NNOOOBPEHN XAPAKTEPUCTUKM B CUCTEMUTE 3A ...

FOANLIHNK Ha Munro-2eonoxkusi yHugepcumem “Ce. Mean Punicku’, mom 46(2003), cs. lll, MEXAHUSALIWA, ENTEKTPUOUKALIMA M ABTOMATU3AUMA HA MUHUTE

1



Tawesa u 0p. MATEMATUYH MOLEM C MNOLOBPEHN XAPAKTEPUCTVKU B CUCTEMUTE 3A ...

The impact of the maximal number of digits representing the
model coefficients upon the accuracy of forecasting has been
examined with the purpose of evaluating the applicability of
models obtained to systems for programmed control of wheel
excavators. That is why, using diverse degrees of rounding,
the model-forecast values of the parameter examined

¥:,i = 1., N have been determined, and:

N A
- the residual sums of the squares Q, = ¥ (yi - y,-)z
i=1

and

- the maximal absolute error from forecasting
Amax = mqu|yi - )A/z|

Table 3a/

Table 3b/

have been calculated.

The results obtained are shown in Tables 3a/ + 3d/. Their
first columns contain the type of the model and the boundary
number of digits (3, 4 or 5) by which the coefficients are being
represented.

Analyzing the characteristics of models found by using
diverse approaches allows making the following conclusions:

6. The most significant difference in the orders of coefficients
found is obtained when using the least-squares method,;
this effect becoming stronger with the increase in the
order of the model.
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Table 3c/

Table 3d/
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7. The approach used for estimating regression models
exerts virtually no effect on the maximal absolute error
and the value of the residual sum of the squares.

8.  For the linear models the best results are obtained when
working with centered factors, but for cubic regression the
ridge-regression analysis should be preferred because of
the pronounced multicolinearity.

9. In all cases decreasing the number of digits used for the
presentation of coefficients in the models found by the
least-squares method leads to an inadmissible increase
not only in O,, but also in 4,. . This tendency
becomes stronger with increasing the order of the model.

10. Modifying the number of digits in the presentation of
coefficients found by using the approaches described in
Section Il does not lead virtually to any change in the
forecasting properties of models.

All the investigations performed have shown that the use of
ridge-regression analysis or standardization of factors or
regressors leads to finding such models describing the basic
working parameters of wheel excavators, which have improved
characteristics in comparison with those obtained through the
least-squares method. They can be successfully used in the
systems for programmed control without any need of imposing
special requirements regarding the control system hardware.

REFERENCES

Byukos W.H., 1. Bosipxuesa, E. Conakos. 1987, MpuknagHon
NWHENHbIA PErpecCUOHHbIN aHanma., Mocksa, OuHaHCHI 1
cTaTucTuka.

Wnues 3. A., 2002, OnpepensiHe napameTpute Ha paboTHUTE
OBWXEHWS1 mpu  poTopHuTe Oarepu C nomowTa Ha
matematuyHn  mogenu, MexdyHapoOHa KoHgepeHyus
‘Asmomamuka u uHgpopmamuka 02", C6opHUK Ooknadu
mom 1 (6bnr. , pestome Ha aHrn.), 237 — 240.

Mnues 3. A., 2001, MeToa 3a onTMn3MpaHe napameTpuTe Ha
cTpyxkata npu potopeH barep SRs 2000, MexdyHapodHa
HayyHa cecus “YnpasneHue Ha npupodHU U MEeXHO2EHHU
puckoge”, CO0pHWK [oknagu (Obnr., pestoMe Ha aHrn.),
317-319.

TuxoHoB A. H., B. ApceHuH., 1979, MeToabl pelueHns
HEeKOpPeKTHbI 3adad., Mocksa, Hayka.

Hoerl, A. E., R. W. Kennard., 2000, Ridge Regression Biased
Estimation for Nonorthogonal Problems., Technometrics,
Vol 42, No. 4, 80-87.

Obenchain, R. L., 1997, Shrinkage Regression: Ridge, BLUP,
Bayes and Stein, Technometrics, Vol 39.

Marquardt D., 1980, You should standardize the predictor
variables in your regression models. J. Amer. Stat. Assoc.,
V75, pp 87-91.

TOANILHUK Ha Murro-zeonoxkus yHusepcumem “Ce. Mear Puncku”, mom 46(2003), cs. I, MEXAHW3ALINA, ENIEKTPUOUKALINA U ABTOMATU3ALINA HA MUHUTE

1



Tawesa u dp. MATEMATUYHM MOLE/N C NNOOOBPEHN XAPAKTEPUCTUKM B CUCTEMUTE 3A ...

Recommended for publication by Department of

Mine Automation, Faculty of Mining Electromechanics

FOANLIHNK Ha Munro-2eonoxkusi yHugepcumem “Ce. Mean Punicku’, mom 46(2003), cs. lll, MEXAHUSALIWA, ENTEKTPUOUKALIMA M ABTOMATU3AUMA HA MUHUTE

1



	Диана Ташева						Здравко Илиев
	 
	      Таблица 1

	Diana Tasheva					Zdravko Iliev
	      Table 1
	Recommended for publication by Department of 


