JIOJIATOK A

['pacdiunnmii matepian kBanidikauiiHoi poooTH
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Kadeapa EOM
Keanidikaujiina pobora BGVAOBaHa CUCTEMA

Lpyrvii (MaricTepcbuii) piBeHb KOMOiHOBAHOT0 HEYIiTKOrO
BUBEAEHHA B 3daBJdHHAX

O WO (€ pYBaHHA poboTamu

Cr. rp. CMm-22-6 Mpos.. kad. EOM
Oniitnuk A.T. Kaprin A.0.
XHYPE, Kadeapa EOM

XAPKIB 20 24

pobotu

Meta kBanidikauinHol

ITOPUTM  NOBUHEH NPUIAMATM Y SKOCTi BXIAHMX
Janux: b3 y dopmari npasun «fAKILO-TO», bl i3
Bi;OMMMU daKTaMK, KiHLIEBMIA KT K Linb NOWYKY;

ONMCATV KOMMOHEHTW amapartHoi YacTUHW Moaeni
npotoTuny CUCTEMM;

OnucaTi apxiTeKTypy anapatHoi YacTHM MoZeni
QIMOPUTM MaE BiACTEXYBATM 3HAWAEHI NPOMDKHI NPOTOTMNY CUCTEMMU;

GaKTh 1A 3MEHIIBHHS! KifbKOCTI 06YUCTIEHD; . .
ONMcaTyt apxiTeKTypy Ta KOMMOHEHTW MpOrpaMHoi

anroput™ Mae yrouxosarn BB wnaxis y npougc
iX ZIONOBHEHHS! 3HaifIeHUMN HEoOXIZHMMU daKTaMK;

aropuUT™ NOBUHEH Mati MOXJIMBICTb
BiJHOBNEHHA WNAXY, SAKWO BXe OynM 3HalijeHi
BiAANOBIAHI NpaBuna;

pesynbtatoM  pobotv  anroputvy  Mae  byTu
MHOXMHA WASXIB NS PO3paxyHKY LinboBoro dakty i3
pospaxosaiumu BB KoxHoro wnsxy 1a is KOB.

YacTMHU NPOTOTUNY CUCTEMM;
onucaTu anropuT™ HenepepBHOro MlaHyBaHHS;
onucaty WwabnoH nporpaMHoro ynpasnikHa AlBC.
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g

Boston Dynamics. Atlas

Boston Dynamics. BigDog FANUC. M-3iA-6A

Robots Classification

Movement Nature Service Type HRI Autonomy

Aerial Robots Personal/Domestic Professional Social Robots RC Robaots
Ground Robots Educational Robots Telepresence Semi-autonomous
Robots Robots
Aquatic Robots Entertainment Robuots
Humanoid Robots Autonomous
Space Robots Security Robots Robots
Static Robots AV Robots
Disaster Response

Robots

Exoskeletons
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< N,RN,PN,{CiZVCi € CN},DN,CFN,HCFB d CN € (Z) >

Ae N- inentudikatopoM By3na;
Ry — ineHTudikaTopoM npasuna, 3a AKUM Po3paxoByeTbes By3on A
Py - batbkiBcbkuM By3nom A

L)y — MHOXMHOI J0vipHiX By3nis A;

Dy — vHOXMHOK 3anexHocTed, fiKi HeobxigHo Matn Ang pospaxyHky Bysna A'3a npasunom Ay;
CF, - notounuM pospaxoBanum @B Byana #;

CFg — notoynum pospaxosahuM ®B wnsxy (rinku aepesa), Ao sikoi BxoauTh By3on A'3a ymosu, wo By3on Ae
JMCTAM Jepesa.
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{< fi {Tfk} >,Vfj € Frn} m

Je {7y} — MHOXMHOK KopTexiB 3i cTpykTypoi (2.3);

Fry — MHOXWHA HeobXiaHUX aKTiB, W0 HasBHI y npasuni Aysysna N;

<r,CF>,rEKBf m

ae CF - notounnit OB npasuna r;
KB, — vHOXMHA npasun Ans BU3HaYeHHs dakty £

{<f,{n.Vn. € KB} >,V € F}

ne NB;— MHOXMHA npaBun Ans BU3HauYeHHs dakty f;
F— MHOXMHOI BCiX aKTiB, 10 BUKOPUCTOBYIOTLES Y CUCTEMi.




Cf(H,El NE, N -

Cf(H,El UE, U -

cf(cfr.cf2) =

-N Ey) = min[cf(Eq), cf(E2), ..., cf (En)] * cf

Y En) = mClX[Cf(El),Cf(Ez), ,Cf(En)] & Cf

cfi+cf2x(1—cf1) cf1>0andcf, >0
& cf1<0orcf;<0
1-min[lcfyllcf2l] 1 ‘

cfi+cf2x(1+cf1) cf1<0andcf,<0
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RestorePath|  |UpdateAncestors

AnapatHa MoZenb NpoTOTUNY
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~

2610 8|0

MixpokonTponep WiFi Mmoaynb
Arduino Mega 2560 ESP8266-01

JlaTymk BigobpaxeHHs 11 .
KY-033 YnbTpa3ByKoBUH
aarunk HC-SR04

Microcontroller Processor

]I Robot ) IFi Server j[

[ Sensors, actuators, drivers } Computing power
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ANPOBALLIA PE3YJILTATIB

Control, Navigation and Communication Systems. 2024. No. 2 ISSN 2073-7394

VIIK 004.89 doi: 10.26906/SUNZ.2024.2.106
A.0. Kapriﬂ“z. II. O. Tieseskuit’. 1. T. Oiitrmk!

! Xapriecskuit HauioHaTbHII yHIBEpCHTET pazioenexTponiky, Xapkie. Vipaina
“ Vpainchkuit Aep:xaBHUMN yHIBEPCHTET 3aTi3HHYHOTO TPAHCMOPTY, Xapkis. Vkpaina

BE3MNEPEPBHE ILTAHYBAHHA I CHTYAUIIHE VIIPABJIIHHSA
SK 3ABJAHHA HITVYHOTI'O IHTEJIEKTY IO BITUYBA€

Anotamis. Mornsamis. Hessaxaioun Ha sHasmi mporpec y raTysi creopenna Besmommmx Crcten (5C), 3adesnedes-
HA Heo®: o pisHz ix C% aKTYATHHEM 32B1aHEAN. BaKTHEY PoTs y HOTO BHPINIEHHI BiTirpac
ITYYHH (HTeneKT. OCOGMHEOCT! GeaMOIHEX CHCTEM MOPOJHTH HOBY Moxens «[LITyunHif iHTenekT mo Bixuyeae» (IIIB),
1O MiITPHMYE ABTOHOMHICTh. MeTolo 1aHOi pofoTh € pospodka aTrOPHTMY MO MIATPHMYE MOJETs GeNepepEHOro mia-
HYBaHHA 1 CHTYAIIHHOTO YIPABTiHHA IMILIeMeHTOEaHY y cHcTemy Goal-Directed Control II1TB. IIpeasieToy 10CTiTkeHES
€ METOZH Ta MOZeM YIPABTIHASA ABTOHOMHHMH MOGLTSHHME POGOTAMH Ha MIICTAB] AAHHX Bi PISHOMAHITHHX CEHCOPIE.

e3yabTaTH. OCOGTHEICTIO 327241 YIIPAETIHEA AaBTOHOMHHMH MOGLTSHHME POSOTAMH € Te, MO A% NPHIHATTA PINEHHS B
PEKHMI PEATEHOTO Jacy W00 MOTOYHHX Aiff BHKOPHCTOBYIOTh CTaH BHKOHAHHA ILTaHY, OTOYHY CHTYAIIkO Ta MOKITH-
BiCTh BHKOHAHHA YaCTHHH ILTaHY Aif, IO 3ATHOINNACA, ATA JOCATHeHHA MerH. HaseaeHo CTpyKTypy GaratopisHesol
PO3MOLTEHOT CHCTEMH HEWiTKHX NPAaBHUT YIPABTIHEA ¥ IOEIHAHHI 3 CHCTEMOIO IPOAYKIIHHHX IPaBHT [LIAHYBAHHA. Po-
3ITIAHYTO MOIHIKOBAHHH MeXaHi3M HediTKOTO BHCHOEKY, AKHH 32BIAKH sse:eﬂmo bakTopa BIEBHEHOCTI 370aTHHI 06-
POOIATH 2K GAKTH MO0 CTAHY OTOMEHHA TaK i CTaHY

9HOTO BHEEIEHHA B HEYHTKHX TOTIIHHX CHCTEMAX, NO-TIepIle, NITAXOM EEJEHHT KOHTEKCTHOI MaM iTi, IO MICTHTB
KOHTEXCTRI (GaKTH, TIO-IpyTe, VABTEHES CTaHy (aKTi, K | 3HII€HD EXITHEX SMIHHEX Y BHITAI HEWITKEX (akTODIS
BIEBHEHOCT], 03B0:14€ 3aCTOCYBaTH IX 4714 yMpasiHHA 5C Ta BHKOPUCTOBYBATH YCi MEPEBATH HEWTKOTO YNPABTIHHA
mo0 05poGKH Ti. Pospodka cucTeMH, Hay P

TTaHY A1 274 aETOHOMHOTO POGOTA 3 YPaXyBaHHAM BHINE3a3HAYEHHX YMOB, IO XapaKTePH3VETHCA 3HATHOI KUTBKICTIO
BXITHHX 9HCIOBHX 3MiHHHX Bil JaTYHKIE, € HEpO3B A3HHM 33aBJAHHAM. 3aNpOMOHOBaHA MOZENs, K3 CKIATACTHCA 3
KOMIOHEHTIE JBINX THIE CHCTEM HEYHTKHX CHCTEM 3 THTBICTHYHHMH 3MIHHHMH T2 HEYHTKHX MPOAYKUIHHEX CHCTEM 3
(HaKTOpaMH BIEBHEHOCTI 071a€ MepelideHi MPOGIEMH Ta 30epirac Mepesard TPATHIHHAX HETHTKHX CHCTEM Y MOEO-
xeHHI 3 HeBHIHAveHicTIo. HANPAM NOJaIbInx T0cixaens. MafiGyTHi KpOKH MOKYTS GYTH NPHCBRTCHO POIBHTKY
MOZe! Ta {HCTPYMEHTapiio J71% {HIIHX K1aciE §e3TH0IHHX CHCTE)

Ka10490Bi c10Ba: ZBTOHOMH! HTENEKTYATEH] 0e3TIOIHI CHCTeMH, IITYIHHEI {HTeMexT 1O BLTIVBae, OesnepepEHe IL1a-
HyBaHER, CHTYifEe YIpETiHES.




ANTOPUTM KOMBIHOBAHOIO
3BOPOTHOIO B/BOAY

*  QNropuT™ NpUiiMae y AKOCTi BXiAHMX AaHuX: b3
y ¢opwmarti npasun «HAKLLO-TO», BJI i3 Bigomumu
(baKTamu, KiHueBuit GaKT K LiNb NOWYKY;

aNropuTM BiZICTEXYE 3HAIAEHI MPOMiXHI paKTy
AN 3MEHLIEHHS KiIbKOCTiobyncneHs;

« anroput yroyniwe @B wnsxis y npoueci ix
JI0NOBHEHHS 3HAIEHVMM HEOBXiAHUMN daKTaMK;

e ANrOpUTM Mae  MOXJMBICTb  Bi/JHOBNEHHS
wAsxy, AKWO BXe Oynu 3HaigeHi BiAnoBiAHi
npasuna;

*  pe3ynbTaToM poboTM anroputMy € MHOXMHA
WnAXiB ANS PO3PaxyHKY LinbOBOTO ¢akty 3
poapaxoBaHumu OB koxHoro wnsxy 1a KOB.

Onuc AMAPATHOI TA NPOrPAMHOI

MOZENI NMPOTOTHIY CUCTEMU

* KOMMOHEHTM anapatHoi  YacTWHM  MoZeni
npoToTMNy CUCTEMM;

o apXiTEKTypy anapatHoi yacTuhu  Mojeni
NPOTOTHUNY CUCTEMM,

e apXiTeKTypy Ta KOMMOHEHTM MpOrpaMHOi
YaCTMHW NPOTOTMNY CUCTEMY;

*  a/IrOPUTM HENepepBHOT0 NNaHYBaHHS;
« WwabnoH nporpamHoro ynpasinHa AlBC.
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JIOJIATOK B
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baza 3HaHb Ta nmpukiIag poOOTH aNrOpUTMy

b.1 ITpuknaa poObOTH anropurmy

SKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SAKIIO
SKIIO
SAKIIO
SAKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SKIIO
SAKIIO
SAKIIO
SAKIIO
SAKIIO
SAKIIO
SAKIIO
SAKIIO

"ALoad TA “MoveF;
“1Move TA *Move'",
“4Move TA “MoveRF,
“5Move TA *Move",
*ALoad TA u31

*1M0ve TA 1121

*4M0ve TA 1111

"ALoad TA "MoveF;
“IMove TA "Move's
“2Move TA "MoveRFg
*ALoad TA u22

*1Move TA ul2

"ALead TA “MoveF;
“1Move TA *MoveFs
“2Move TA *Move';
“3Move TA "MoveRFg
*ALoad TA u33

*1Move TA U.23

*2M0ve TA 1113
“CCharee TA “Move™,
“2Move TA "MoveF;
“3Move TA "MoveFy
“GMove T A *MOVGRFlo
*CCharge TA u34
*2Move TA U.24

*3Move TA U.14
*DCharge T A *MOVGFll
“3Move TA "Move™,
“5Move TA "MoveRFy
*DCharge TA u25
*3Move TA U.15

TO
TO
TO
TO
TO
TO
TO
T0
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
TO
T0
T0
T0
T0
T0
T0
T0

“1Move(cf=0.9);
“4Move (¢f=0.9);
“5Move (¢f=0.9);
“BYniead (¢f=0.9);
*BUnload (¢f=0.7);
*BUnlead (¢f=0,75);
*BU”'Oad(Cf:OB);
“1Move (¢£=0.9);
“2Move (¢f=0.9);
*Ceharge (¢£=0.9);
“CCharge(cf=0.8);
"CCharee(c£=0.85);
“IMove(cf=0.9);
“2Move(cf=0.9);
“3Move(cf=0.9);
"DCharge(c£=0.9);
"DCharge(cf=0.7);
"DCharge(cf=0.75);
“DCharee(cf=0.85);
“2Move(c£=().9);
“3Move(c£=().9);
“5Move(c£=().9);
“BYnload(cf=(.9);
“BYnload(cf=().75);
"BUNload(cf=() 8);
*BUNload(cf=() 85);
“3Move(¢=0.9);
“5Move(¢£=0.9);
*BUNload(cf=() 9);
*BUNload(cf=()75);
"BUnload(¢f=().8). (b.1)
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Jlictunr b.1 — TectyBanHs pOOOTH AITOPUTMY

Input KB that consists of (5) and (6); DB that consists of " PMove

with its cf = 0.9; goal is " gMove

1) queue = {gMove . tree container = {}; GD = (< Move gy,
<81, (1>

2) fact = *5mwe; rule container = {3, 22, 28}

queue = {*4me,*jwmw};

tree container = |

tree 1 = {<N =0, Rv=3, Pv=null, Cv={}, Dv= {<*4wmw,null>},
Ckv = 0.9, CFs = 0.9>},

tree 2 = {<1, 22, null, {}, {< 3%, null>}, 0.9, 0.9>},

tree 3={< 2, 28, null, {}, {< 3%, null>}, 0.9, 0.9>}];

GD = (< 2%, (0}>, < 8%, (3,22,28)>, < &M, (1>, < M (1>,

3) fact = *4me; rule container = {2}

queue = {*:,Move’*lMove};

tree container = |

(<0,3, null, (3}, (< 4% (<2,0.9>}>},0.9, null>,
<3, 2, 0, {3}, {< ™% nul1>}, 0.9, 0.9>},

(<1, 22, null, {}, (< 3™°Y null>}, 0.9, 0.9>},

(< 2, 28, null, {}, {< 319, null>}, 0.9, 0.9>}];

GD = (< 2%, (0}>, < 89, (3,22,28})>, < £, (2)>, < 31V (1>,

4) fact = *3wmw; rule container = {15,21,27}

queue = ( Move xpCharge .

tree container = |

(<0,3, null, {3}, {< 4%, (<2,0.9>}>},0.9, null>,
<3, 2, 0, {}, {< ™% nu11>}, 0.9, 0.9>},

(<1, 22, null, {4,5,6), {< 3% (<15,0.81>,<21,0.81>,<27,0.9>}>},
0.9, null>,

<4, 15, 1, {}, (< 2" (<0,0.9>}>}, 0.81, 0.729>,
<5, 21, 1, {}, {<2M¥ (<0,0.9>}>}, 0.81, 0.729>,
<6, 27, 1, {}, {<*DC%rg9e¢ ny11>}, 0.9, 0.9>},

(< 2, 28, null, {7,8,9}, {< &% (<15,0.81>,<21,0.81>,<27,0.9>}>},
0.9, null>.

<7, 15, 1, {}, {< 2" (<0,0.9>}>}, 0.81, 0.729>,
<8, 21, 1, {}, {< 2" (<0,0.9>}>}, 0.81, 0.729>,
<9, 27, 1, {}, {<*D¢*g¢ ny11>3}, 0.9, 0.9>},}];

GD - (< 21, 10}>, <gMove (3,22,28)>, <4 2y,
<MV (15,21,27)>, < MO, (}>, <r*DCharge sy,
5) fact = *fwmw; rule container = {1,8,13}

queue = { *DC/iarge, *ALoad} ;
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tree container = |
{<0,3, null, {3}, {< 41°%¢,(<2,0.9>}>},0.9, null>,
<3, 2, 0, {10,11,12}, {< ™°*,  (<1,0.9>,<8,0.9>,<13,0.9>}>},
0.9, null >,
<10, 1, 3, {}, {<*Ak°%d null>}, 0.9, 0.9>,
<11, 8, 3, {}, {<rAlo%d ny11>}, 0.9, 0.9>,
<12, 13, 3, {}, {<rAl°%d ny11>}, 0.9, 0.9>},
(<1, 22, null, {4,5,6}, {< &% (<15,0.81>,<21,0.81>,<27,0.9>}>},
0.9, null>,
<4, 15, 1, {}, {< 2 (<0,0.9>}>}, 0.81, 0.729>,
<5, 21, 1, {}, {< MY (<0,0.9>}>}, 0.81, 0.729>,
<6, 27, 1, {}, {<*D¢*9¢ ny11>}, 0.9, 0.9>},
(< 2, 28, null, {7,8,9}, {< 3% (<15,0.81>,<21,0.81>,<27,0.9>}>},
0.9, null>.
<7, 15, 1, {}, {< 2" (<0,0.9>}>}, 0.81, 0.729>,

<8, 21, 1, (), (<M (<0,0.9>}>), 0.81, 0.729>,
<9, 27, 1, {}, {<*D¢*9 ny11>}, 0.9, 0.9>},}]1;
GD - (< 2Mve (0}, <gMove (3.00,28)>, <Move oy s,
<gMove (15,021,271, < MOV (1,8,13}>, <*DCHTge (ys).
6) fact = *D%"9¢; ryle container = {17,18,19}
queue = {*Akeddy;
tree container = |
(<0,3, null, {3}, {< 41°%, (<2,0.9>}>},0.9, null>,
<3, 2, 0, {10,11,12}, {< ™°% (<1,0.9>,<8,0.9>,<13,0.9>}>}, 0.9,
null >,
<10, 1, 3, {}, {<rAto%d ny11>3}, 0.9, 0.9>,
<11, 8, 3, {}, {<rAl°%d pny11>}, 0.9, 0.9>,
<12, 13, 3, {}, {<*AM°% null>}, 0.9, 0.9>},
(<1, 22, null, (4,5,6},
(<"1 (<15,0.81>,<21,0.81>,<27,0.6885>}>}, 0.61965, null>,
<4, 15, 1, {}, (< 2" (<0,0.9>}>}, 0.81, 0.729>,

<5, 21, 1, {}, (< 2" (<0,0.9>}>}, 0.81, 0.729>,
<6, 27, 1, {13,14,18}, {<*DCharge
{<17,0.7>,<18,0.75>,<19,0.61965>}>}, 0.6885, null>},
<13, 17, 6, {}, {<*Ak°ed pny11>}, 0.7, 0.9>
<14, 18, 6, {15,16,17}, {< ™% (<1,0.9>,<8,0.9>,<13,0.9>}>},
0.9, null>
<15, 1, 14, {}, {<*Akead py11>}y, 9, 0.9>,
<16, 8, 14, {}, {<r*Aloed ny11>3y, 9, 0.9>,
<17, 13, 14, {}, {<*Ak°ed ny11>}, 0.9, 0.9>,
<18, 19, 6, {}, {<2M°, (<0,0.9>}>}, 0.795, 0.61965>},
(< 2, 28, null, {7,8,9},
(<"1 (<15,0.81>,<21,0.81>,<27,0.6885>}>}, 0.61965, null >.
<7, 15, 1, {}, {< MY (<0,0.9>}>}, 0.81, 0.729>,

0.
0.
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<8, 21, 1, {}, (<2 (<0,0.9>}>}, 0.81, 0.729>,
<9, 27, 1, {19,20,24}, {<*DCharge
{<17,0.7>,<18,0.75>,<19,0.61965>}>}, 0.6885, null>},
<19, 17, 6, {}, {<*AY% nyl1>}, 0.7, 0.9>
<20, 18, 6, {21,22,23}, {< ™% (<1,0.9>,<8,0.9>,<13,0.9>}>},
0.9, null>
<21, 1, 14, {}, {<*Al°ed ny11>}, 0.9, 0.9>,
<22, 8, 14, {}, {<*A°%d ny11>}, 0.9, 0.9>,
<23, 13, 14, {}, {<*Al%? ny11>}, 0.9, 0.9>,

<24, 19, 6, {}, {< 2% (<0,0.9>}>}, 0.795, 0.61965>}];
GD - (< 21 10}, < g1°ve (3,22,28}>, <41ve 1oy,

<gMove (15,21,27)>, < MY (1,8,13}>, <*DCHTIe (17,18,19)>};

7) Found routes: {{1>2>3}, {8>2>3}, {13>2>3}, {15>22}, {21>22},
(17>27>22}, (1>18>27>22}, (8>18>27>221, (13>18>27>22},
(19>27>22},  {15>28},  {21>28},  {17>27>28},  {1>18>27>28},
(8>18>27>28}, {13>18>27>28}, {19>27>28})

Output Valid routes: {{15>221}(0.729), (21>221(0.729),
(19>27>22} (0.61965), {15>281 (0.729), {21>281(0.729),
{19>27>28} (0.61965) }

Combined certainty factor = 0.9992



