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Formation of Vector Potential of Controlled Lagrangian of Dynamical System

A method of controlled Lagrangian, based on the formation of the potential component required for the formation of the Lagrangian dynamics
of the controlled system is considered in the paper. A distinguishing feature of the paper is the account of the vector potential in the formation of the

Lagrangian function.
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EJNHOE NTHOOPMALIMOHHOE ITPOCTPAHCTBO
KAK CITOCOB HOBBINEHUA D®@PEKTUBHOCTHU YIIPABJIEHUSA

MEJUIHCKUMHA YYPEKAEHUAMU

YI'OJIOBHO-UCITIOJTHUTEJIBHON CUCTEMBI

Ompadicenvl ocobennocmu GopmMupo8anus eOuHo2o UHPOPMAYUOHHO20 NPOCMPANCMEA Ol NeHUMeHYuapHo2o 30pagooxpanetus. Qbosnaye-
Hbl OCHOGHbBIE MPeOOBANUSL K CO30AHUIO HOBOU UH(DOPMAYUOHHOU CUCTEMbl YNPAGIEHUS MEOUYUHCKUMU YUPEHCOCHUIMIU.

KiwueBsble cioBa: PIHd)OpMaHI/IOHHI)IC TEXHOJIOTUH, CTUHOC I/IH(bOpMaI_II/IOHHOC IIPOCTPAHCTBO, IEHUTCHIHAPHOE 3JPpaBOOXPAHEHUE.

a CerONHSIIHUIA JIeHb COBpeMeHHbIe nH(popma-

IIMOHHBIE TEXHOJIOTMH IO3BOJIAIOT YIPaBIATH

CIIOXKHBIMH ~ XO35H{CTBEHHBIMH  IIPOIIECCAMH,
penaTh 3aa4d TEKyIIEero, CPEAHECPOYHOTO U HepCHeK-
THUBHOTO TUIAHWPOBAHMUS, OCYIIECTBIATh I(PPEKTUBHOE
TOPU3OHTAILHOE W BEPTHKAJIbHOE B3aMMOJICHCTBHE.
Oco0eHHO ATO aKTyalbHO B 3/[paBOOXPaHEHHH.

B Hacrosmuiit MOMEHT K MEIMIUHCKUM yUpPEXKICHHU-
SIM TIPEIBSBISETCS OTPOMHOE KOJIMYECTBO TPEOOBaHMI
B o0JlacTH TTPOQEeCCHOHATIBHON JIeSITeNbHOCTH, (pruHaH-
COB, CO CTOPOHBI OOIIECTBa W TAIMEeHTa (COIHMATBHBIX,
WH(POPMAIIMOHHBIX, CepBUCHBIX U T. A.) [1]. IIpakTmde-
CKOe pemieHre OONBIIMHCTBA PoOIeM HEBO3ZMOXKHO Oe3
nHpopMaTuzauu MeauiuHbl. OO0 3TOM TrOBOpHTCS
B KoHuenmu JonrocpoyHoro counuaibHO-9KOHOMHYE-
ckoro pa3Butusa Poccuiickoit ®eneparuu 10 2020 r. [2].

HoBble mHQOpManMOHHBIE TEXHOJOTUH TO3BOJISIOT
HOBBICUTH A(P(PEKTUBHOCTH YIPABICHUSI Pa3INIHBIMH
TIPOIIECCaMH, CITY’KaT JUIs ONTUMHU3AINN U3AEPKeK, TIPH-

JIAIOT Pa3IMYHBIM TPOIeccaM T'MOKOCTh M PACKPHIBAIOT
JIOTIOJTHUTEIIbHbIE BO3MOXKHOCTH JijIst pa3Butust. [Tepexon
K MH(POPMAIMOHHOMY OOIIECTBY 3aCTaBJISIET COBEPIICH-
HO MO-HOBOMY TOJAXOAUTh K PELICHHUIO 3a/ad B pa3iiny-
HBIX OTpAciiX, B TOM 4YHCJIC U B YrOJOBHO-HUCIIOJTHH-
TenpHOM cucteme [3].

HNudopmarnmonHas ACSITENBHOCTh MEIUIIMHCKUX
YUIpEKIECHUH YTOJIOBHO-UCIONHUTEIFHONH CHCTEMBI
Poccun mpenmonaraer o0paboOTKy W aHAIW3 3HAYH-
TENBHBIX 00heMOB HH(MOPMAITIH PA3ITHIHOTO POIa IS
pelICHUsT yNPaBICHUYECKUX M Jie4eOHO-TUarHOCTHYE-
CKHX 3ajiad. B CBSI3M C MOCTOSIHHBIM COBEPILIEHCTBO-
BaHHEM MEAMIIMHCKON OTpaciiv, yBEIHYCHHEM KOJH-
YecTBa HAY4YHBIX Pa3pabOTOK B HEH U TMOBBINICHHEM
TpeOOBaHUIl K ONEPaTHBHOCTH W JOCTYNHOCTH WH-
dbopManuy TPOUCXOIUT YBEIWYCHHE OOBEMOB WH-
(hOpMAaIMOHHBIX MOTOKOB B MEIUITMHCKOM YyUpExKJe-
HUHU, YCJIOKHEHHE MX CTPYKTYPBI H, CJICIOBATEILHO,
YCIOXKHSCTCS MX aHau3.
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PedopmupoBanne cuctemsl 3apaBooxpaHeHus Poc-
cuiickoit @enepannn TpeOyeT COBEPIIEHHO HOBOTO IO/~
X0/la K OpraHu3aluu HH()OPMALMOHHON AEATEIBHOCTH
MEIULMHCKUX yupexaeHuid. Crapas ¢opma opraHusa-
MM UH()OPMALMOHHON IESTENbHOCTH MEIULIMHCKUX
yUpexIeHul yxe He siBisiercss d(GEeKTUBHON M, CBEpX
TOrO, B OIPEAEIEHHON CTENeHH TOPMO3UT pa3BUTHE
CHCTEMBI 3/IpaBooxpaHeHus. KauecTBeHHbII aHAIM3 Me-
JUIOWHCKOH HH(OpMannu, BOIPOCH coopa HH(POpMAaIHH,
ee mepelada M XpaHEHHE, BOIPOCH PENpe3eHTaTHBHO-
CTH, ONEPaTUBHOCTH M JOCTOBEPHOCTH MH(OpPMALMH Ha
BCEX YPOBHSIX HA JAHHBII MOMEHT MOTYT OBITh KadecT-
BEHHO DPEMIEHBI IMOCPEICTBOM HCIONB30BAHUS KOMITBIO-
TEPHBIX MHPOPMANMOHHBIX TEXHOJIOTHHA. [ mpuHATHS
JercTBUTENBEHO 3((GEKTUBHBIX M ACHCTBEHHBIX YINpPaB-
JIEHYECKUX pelIeHHH B TaKUX yCIOBUAX BOIPOC MHGOP-
MaTU3aluy JESITEIbHOCTH METULIUHCKOTO YUpeKIEHUs
BCTaeT 0COOCHHO aKTYaIbHO [4].

B ycioBusx HEOOXOAMMOCTH KOHTPOJISI M aHalu3a
0OJIBIIOrO KOJMYECTBA pa3HOHAIPAaBICHHBIX WH(oOpMa-
IIMOHHBIX MTOTOKOB, BO3HUKAIOLIMX B IIPOLIECCE peajn3a-
LM MEPOIIPUATHI 110 YNPABJICHUI0 METUINHCKUMH Yd-
PEKICHNSIMH, OCTPO BCTAECT BOIPOC O CO3JAHUM IIETEBO-
ro emumHOTOo HMH(OpMarmonHOTO TpocTpancTea (EUII).
IIpu sToM cuctema cOopa wHPOPMAINHN AOKHA OBITH
omeparuBHOii. Kpome Toro, oHa momkHa oOecrednBaTh
BO3MO)KHOCTh cOOpa M aHau3a HHQOPMaLUK Ha pa3ind-
HBIX ypoBHsX. OHa NOJDKHA YIPAaBIATH BCEH CHUCTEMOM
MIEHUTEHIIMAPHOTO 3/IpaBOOXpaHEHHsI, OLIeHUBATh P dek-
THUBHOCTb, YIPABISATh W3MEHEHHEM XO/a MPOBOIUMBIX
MEpONPHUSTHH, YNPaBIATh HOCTYIUIEHHEM JICKapCTBEH-
HBIX CPEJICTB, 000PYIOBaHMS, TECT-CUCTEM H T. JI.

Bompocam co3manua EUII B meaunuHe ynensercs
MHOT'O BHHMaHHA. B KkadecTBe NpUMepOB MOXKHO IpH-
BECTH, B YAaCTHOCTH, MaTepHalbl IO pean3aruu
HaIlMOHAJIBHOTO TPOEKTa «3ZOPOBBE», MaTEpHAIbI 3a-
ceaHuii ACCONMANUN Pa3BUTHI MEIUIIMHCKIX UHQOP-
MaIMOHHBIX TEXHOJIOTHH [5], MaTepuaisl IO peaau3a-
nuu DenepanbHON LETEBOW MPOrpaMMbl «DIEKTPOH-
Has Poccus».

KoneunsiMu nensimu coznanusi EUIT B nadopmarn-
3aI[M IEHUTEHIMAPHOTO 37[paBooxpaneHus PO nomkHbI
CTaTh:

1. ®opmupoBaHUe eAWHOW 0a3bl NAaHHBIX, OCHOBaH-
HOH Ha MEepPCOHAIM3MPOBAHHBIX JAHHBIX MO COCTOSIHHIO
30POBBSI KaXKI0TO MAIHEHTA.

2. ®opmupoBaHHE IIENEBOT0 HHPOPMALNOHHOTO
MIPOCTPAHCTBA TI0 NMPOTHBOACHCTBHIO PaclpOCTPaHEHUS
COLIMATIBHO 3HAUYNUMBIX 3a00JI€BaHUM.

3. ObecrieueHne MHPOPMALMOHHOTO B3aMMOAEUCT-
BUSI MEXJy MEIUIMHCKUMH YUPEXIECHUSMH yroJOBHO-
UCIIOJTHUTENIFHOM CUCTEMBI W OPraHU3alMSMH CHCTEMBI
3PaBOOXPAHEHUsI, OpraHaMHu YIpaBJIECHHUS 3]PaBOOXpa-
HeHueM cyOobexToB Poccuiickoit @enepannm.

4. IloBpllIEHNE KaY€CTBA MEIUIIMHCKON MOMOIIH Ta-
IIUEHTaM.

[lernTeHnapHOEe 3ApaBOOXpAaHEHHE — CIOXKHAS
W TMHAMHYECKas CHCTeMa, KOTopas TpeOyeT MOCTOSH-
HOW OTIEPaTHBHOW OIICHKH CHUTYAIlH, OBICTPOTO TIPHHS-
TUS pemieHnui, ompeneneHus 3pQekTuBHOCTH U JEHCT-
BEHHOCTH OCYILECTBISIEMBIX Mep. BosHukaeT mocrosH-

Hasi HEOOXOAWMOCTh B OIIGHKE IOKa3aTeNed COCTOSHUS
3/I0POBBSI, JEUCTBHS CIYXO 3ApaBOOXpPaHEHHS, COCTOS-
HUS (hapMaleBTHIECKOTO 00ECIIeYeHNs Ha BCEX YPOBHSX
U 3Tanax OKa3aHWs MEIUIMHCKON IMOMOINH, a B IJO-
G6ampHOM Macmtabe — CTpaTerMl M TaKTHKH Pa3BHTHUS
BCEX OTpacliei 31paBooxpaHenus. Takas MHOTOTrpaHHast
paboTa HEBO3MOKHA 0e3 OOBCKTHBHBIX M TOJHBIX JaH-
HBIX, YE€TKOTO M KOMIUIEKCHOTO aHaji3a WH(OpMaluy,
OBICTPOTO M HIMPOKOTO PACIIPOCTPAHEHHUS BBIIBICHHBIX
3aKOHOMEPHOCTEH, TO ecTh Oe3 HajlaKeHHOH, COBPEMEH-
HOH M onlepaTHBHON HHPOPMAIMOHHON CHCTEMBI.

Ha ceroassiiinuii 1eHb UCNIOJB3YEMBIE B TEPPUTOPHU-
anpHBIX opraHax @enepanbHOW CIyKOBI HCIOTHEHUS
Hakazanuii (O®CHUH) wuHbOpManMOHHBIE CHCTEMBI HE
ABIISIFOTCSL LIEHTPAIM30BaHHO YIPABISIEMBIMH CHCTEMa-
MH, BBUAY 4Yero copmupoBaiach CHUCTEMa C Pa3BETB-
JICHHBIMH, CJ1a00 WHTETPUPOBAHHBIMH MEXIy COOOU
XpaHWINIIAMH JaHHBIX. B MEIUIMHCKUX YUPEKIAECHHUIX
OCHH mpucyTcTByeT Tak Ha3blBaeMasi OCTPOBHAsI aBTO-
MaTu3alys — HAJIMYUe HECKOJBKHUX Pa3pO3HEHHBIX IMPO-
rpamMM, peIIaloIInuX pa3po3HeHHbIe 3amaun. OcTpoBHas
aBTOMAaTH3alusl TPHHOCUT HUcOaIaHC B JIESTENbHOCTD
YUPEXICHNH, TaKk KaK paslIndHbIC TOAPA3JCICHNST UMe-
0T pa3Hble HWH(GOPMAIOHHBIE TEXHOJOTHH. JlaHHBIE
TEXHOJIOTHH 3a4acTyl0 HE MMEIOT BO3MOXKHOCTH OOMe-
HHUBAThCS JaHHBIMA MEXIy coboii. BcnenctBue sToro
BO3HUKAET N30BITOYHOCTH HH(OPMALIUH, YTO 3aTPYIAHICT
ee 00paboTKy.

Hcxonss U3 ombITa MOCTPOEHUS APYrux HH(MOpMa-
IUOHHBIX CUCTEM M BHEJPEHHs almapaTHBIX pEHICHUH,
SICHO [6], 9TO aKTyaJbHBIM M ONTUMAaJIBHBIM PELICHUEM
ABIISIETCS CO3JIaHKE MH(POPMAIMOHHON CHCTEMEBI C €11~
HOW 0a30if MaHHBIX, HAIIPUMED, TMOJ YIIPABICHHEM Me-
JUIMHCKOTO HMH()OPMAIMOHHO-aHAIUTHIECKOTO IIeH-
Tpa. OTHAaKO TaKoe pemeHne MoTpedyeT 3HAUUTEIbHBIX
(MHAHCOBBIX W BPEMEHHBIX 3aTpaT. BenencTBue sToro
OONMBPIIMHCTBO WH()OPMALMOHHBIX CHUCTEM IOCTPOCHEI
II0 pacupenesleHHON MOZENH, T. €. CO3JaHHE E€AUHOU
6a3bl aHHBIX OCYLIECTBISIETCS HE HA OJHOM «OOJb-
IOM» KOMIIBIOTEPE, HO MOJIPa3yMeBaeTCsl, YTO UMEETCs
BO3MOXXHOCTh I€PEHOCA JaHHBIX W3 OJHOW CHUCTEMBI
B Apyryto. Huxke mpuBeneHa cxema MOCTPOSHHS €lU-
HOW MH(OPMAIIMOHHON CHCTEMBI pETHOHA.

[Tpu 3TOM ClleryeT pyKOBOACTBOBATHCS TpeOOBaHMS-
MH, KOTOpBIE O0OecredaT MaKCUMaJbHYI0 3(QEeKTHB-
HOCTH CO37aBaeMOi HWH(POPMAIIMOHHONW CHUCTEMBI ISt
MIEHUTEHIINAPHOTO 3[JPaBOOXPAHEHHSL:

— HCTIOJIb30BAaHNE MHTEPHETA M BEIOMCTBEHHBIX Ka-
HAJIOB CBSI3H;

— IIOCTPOECHHUE pacIipeieNIeHHbIX 0a3 TaHHBIX;

— BKJIIOUEHHE HAabopa MOJCHUCTEM — aBTOHOMHBIX Ha-
paniMBaeMbIX CIEIHAIN3UPOBAHHBIX aBTOMATH3HPOBaH-
HBIX pabounx mect (APM);

— MOJYMHEHUE E€IUHBIM TEXHOJOTHSM U CTaHAapT-
HOMY COCTaBy peIlaeMbIX 3amad ISl HCIIOJIb30BAHUS
YUPEKICHUSIMH PA3IMIHOTO YPOBHS;

— HE3aBUCHMOCTH OT THUIIa BEIYUCINTEIBHON TEXHUKU
u 6a30Boii oneparuBHOi cucteMsl (OC);

— obecrieyeHre H3MEHEHHS YIeTHO-OTYETHBIX (popM;

— o0ecrieueHne HACTPAaMBAEMOTO KOHTPOJIS BBOAA
JAHHBIX;
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— HCIIOJIb30BaHHE PETHOHAJBHBIX, BEIOMCTBEHHBIX
7 OOIIEPOCCHICKAX KIACCU(PUKATOPOB, CIPAaBOYHHUKOB,
PyOpHUKaTopoB;

— OCylllecTBICHHE OOMEHa TaHHBIMH B OOIICHPUHS-
ThIX hopmarax (B Tom uncie HL7);

— obecnieueHre 3aUTH HHPOPMAITUHN U pa3rpaHmye-
HHE IIPaB JI0CTYTIa;

— aBTOMaTH4eCKOe AUCTaHI[MOHHOE OOHOBJICHHE;

— HaJIM4YMe CUCTEMBI 00y4YeHHs IT0JIb30BaTelNeH.
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Cxema NOCTpOEHHs €HHOH HH()OPMAIIHOHHOH CHCTEMBI PETHOHA

Brenpenue emuHON MemUITMHCKON WH()OpMAIOH-
HOM CHCTEMBI, COCTOSIIECH M3 MHOJKECTBA CICITHAIIM3H-
POBaHHBIX MOJIYJIEH, IIOMOTaeT B CHHXPOHHOM PEIICHUA
IUArHOCTHYECKUX, TEPaNeBTHUCCKHUX, YIPABICHUECKUX,
(DMHAHCOBBIX, CTATUCTUYECKHUX U MPOYHX 3a/1a4. B cBorO
oyepelib, BCE 3TO B KOHEYHOM CUETe CIIOCOOCTBYET JI0C-
TH)KCHUIO (DUHATBHOMN 1M JCSITeIBHOCTH TMCHUTCHIIH-
apHOTO 37PaBOOXPAHEHUS — OKA3aHUIO KayeCTBEHHBIX
MEIUITUHCKUX YCIIYT.
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INVERSE KINEMATICS SOLUTION IMPROVEMENT

USING A NEURAL FUZZY LOGIC MODEL

The aim of this paper is to achieve an enhanced control of multi-joints robots based on the Adaptive Neuro-Fuzzy Inference System (ANFIS).
First a database for training and a learning algorithm were proposed. A defined arm workspace was used to build the training database. Then the
joints’ angles which enable the end-effector from accessing the desired locations were derived. A six degrees of freedom robotic arm mounted on
wheelchairs of the type iARM was adopted which is used to help handicapped people to carry out specific tasks.

Key words: fuzzy logic, artificial neural networks, inverse kinematics, manipulators, ANFIS.

n solving the inverse kinematics problem, algebraic
methods don’t guarantee finding solutions [2],
geometric ones reach several solutions provided
initial conditions for the first three arm joints’ angles [3],
and iterative methods give a unique solution but taking
singularities in consideration [4]. All these methods re-
quire a considerable computation time. Recently, a lot of
research appeared [5, 6, 7], about using artificial intelli-
gence techniques for finding solutions of several com-
plex control issues, with the ability to learn, interpret and
explain decisions. Neural networks are considered good
in pattern recognition, and non-linear approximation, but
how decisions are reached is not clear. Fuzzy logic sys-
tems are useful when dealing with imprecise data, they
explain and demonstrate how the decision was reached,
but they cannot automatically recognize the rules, which
they use to reach the decisions. Thus creating a hybrid
system which contains both techniques leads to neuro-
fuzzy systems, which can overcome their limitations,
and offer an efficient inverse kinematics solution for
multi-joints robots. Fuzzy systems behavior can be de-
termined depending on the rules and thus its perform-
ance can be improved by tuning those rules [7]. For tun-
ing the fuzzy logic rules parameters used in control sys-
tems, neural networks are used. Although the fuzzy logic
systems using verbal expressions (linguistic labels or
variables) symbolize the knowledge into rules, it requires
considerable design and tuning time of the affiliation
functions.
Robotic platforms used to help handicapped people
consist of a platform and a robotic arm fixed on it, which
moves within the platform framework using certain op-

erating software. Platforms are divided into [1]: desktop
mounted robotic systems (e.g., DeVAR and MySpoon),
rail mounted manipulators (e.g., ProVAR), mobile robots
(e.g., Gecko and Care Bot), wheel-chair mounted robotic
arms (e.g., IARM).

This paper handles arm modeling and geometric
specifications determination, examines the mathematical
model development and the kinematics solution, and
then suggests ANFIS type neuro-fuzzy model to carry
out simulations, focusing on specific arm workspace for
building the training database. The iARM robotic arm
was adopted. MATLAB, using fuzzy logic and robotics
libraries, was used for modeling and simulation.

iARM Inverse Kinematics

The iARM manipulator (figure 1) is a six joints ro-
botic arm [1] with a bilateral gripper. It has a light
weight of 9 kg and requires low energy. Joints are driven
by DC motors using speed transformers positioned at the
base. Its geometric structure offers a primary position
which occupies limited space (fold position). When
a command is given the arm moves from the fold posi-
tion to the required location. The arm can be controlled
by electrical signals originating from the human brain
(BCI). Arm movement should not affect chair stability,
guidance, control, maneuvering, movement ability, user
convenience, and vision range. Workspace is selected to
reflect the specific users’ requirements of the chairs [1].
Coordinates axes are chosen relative to the arm base
origin. Horizontal xy planes are determined to cover
a height range between 5.08 cm and 142.24 cm above
the ground level. Vertical planes are determined by inter-
secting the horizontal plane yz in several points which
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