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THE STRUCTURE AND CONTENT OF GRIPPERS' INTERACTION
WITH OBJECTS OF MANIPULATION
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ESSENCE OF GRIPPERS' INTERACTION
WITH OBJECTS OF MANIPULATION (OM)
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THE IMPACT FACTORS ON GRIPPERS' INTERACTION
WITH OBJECTS OF MANIPULATION
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THE STATEMENT OF THE PROBLEM TASKS
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THE SADT-DIAGRAM OF THE RESEARCHING
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THE SADT-DIAGRAM OF THE A1 BLOCK (see slide 7)
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THE SADT-DIAGRAM OF THE A2 BLOCK (see slide 7)
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SADT — DIAGRAM OF CALCULATION AND CHOICE OF OPTIMAL
TRAJECTORIES VALUES
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THE ALGORYTHM OF FINDING tmin AND Enmin CRITERIA, BLOCK A3
(see slide 7)
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COMPARISON OF THE EXISTING SOFTWARES FOR RESOLVING TASKS
RELATED TO GRIPPERS' INTERACTION WITH THE OBJECTS OF
LATION
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THE PROPOSED STRUCTURE OF DSS FOR AUTOMATED CONTROL OF

GRIPPERS' INTERACTION WITH THE OBJECTS OF MANIPULATION
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THE EXISTING INFORMATION MODELS

OF INDUSTRIAL ROBOTS" MANIPULATION SYSTEMS
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— II - npsmomiHiiiHi; B3a€MOPO3TAIlyBaHHs JIAHOK | PO (YHKIIOHAIBEHI MOXKIIMBOCTI
— P — obeprainbHi. S y OIII I1P;
PosranryBanHs T1aHOK: =] — He BigoOpakae OIHO3HAYHO
3
— || — mapanenbHe; a o3TamryBaHss jgaHok MC TP
NLO|PLM Il - nap ; 2 posranty X
IS BIJTHOCHO o0panoi CHUCTEMU
-1 — nepnennukynsipue 3]
S KOOPJIMHAT;
§ — He BH3HAYa€  BCIMYHHH
E nepemirieHs taHoK B CK ITP;
— He BHU3HAYa€ TI'COMETPHYHI
napamerpu Janok MC ITP
Pyxu nanok: — Bwusnauae Bun pyxy Ta | — He Hamae moBnoi iHdopmamii
— I1 — mpsiMoiHiiHi; B3a€MOPO3TAIIyBaHHS JIAHOK | MPO (YHKIIOHATBEHI MOXKIHBOCTI
— P — obepranbHi. y ®IIIT Ta BirHOCHO 0Opanoi | ITP;
P Po3sranryBaHHs JaHOK: CHCTEMHU KOOPANHAT — HE  BHU3HAYa€  BEIMYMHH
y — || — TapaJiesbHe; nepemirieHs taHoK B CK ITP;
~1 — nepHeHAKYISPHE: i:: — HE BH3HAaYa€ TI'COMETPHYHI
|_|>< P HKYIVIDHE, = napametpu taHok MC I1P;
n — X, Y, Z — Bici npuiHATOI CHCTEMH 2 . e ?
Y - g — iHdopMmariiiHa 30UTKOBICTb, IO
KOOpP/MHAT, BIZIHOCHO AKX [ £ .
o, LI ||P, LI, ) o 5 BU3HAYAETHCS HasIBHICTIO
p BinOyBaeThCs niniiiae 7 -
X . =} CHUMBOJIIB napajeabHoOro Ta
TEPEMIIEHHs/00EPTaHHS JIAHOK MpH | X HeDIIEHHKY ISPHONO
OIIIT 2 P yJsp
P =] B3a€MOPOSTALIYBAHHS  JIAHOK  Ta
P X oceil, BIJHOCHO SIKUX  BOHH
/ e pO3TamoBaHi;

— HEMOXJIUBICTH BHUKOPHUCTaHHS
IIPU aHaNi31 KYTOBHX HEPEMIlleHb,
BigMiHHHX Bix 90°
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THE EXISTING INFORMATION MODELS
OF INDUSTRIAL ROBOTS" MANIPULATION SYSTEMS

Pyxu nanok:
— II — mpsMomiHiitHi;

— Bwusnauae Bux pyxy Ta
B3a€EMOPO3TANIYyBaHHA JIAHOK

— He Hanae nmoBHoi iHpopMmarii mpo
¢yHxioHansHi MoximBocTi [1P;

— P — oGepraibHi. y O@IIII ta BimHOCHO OOpaHOi | — HE  BH3HAYa€  BEIMYHHHU
P PosraiyBaHHs 1aHOK: CUCTEMU KOOPJMHAT nepemimiesb anok B CK I1P;
y - X, Y, Z — Bici npuiHATOI CHCTEMH — HEe BH3HAYa€ TEOMETPHYHI
I KOOp/IMHAT, BiJJTHOCHO AKAX | napamerpu tanok MC IIP;
ﬂx n BiIOyBa€THCS TiniiEe | 3 — HEe BHU3HAYa€  OJHO3HAYHO
I | Y l'[Y l'[>< P>< 1'[Y nepeMillleHHs/00epTaHHs JTaHOK TIPH § po3rtauryBanHs Jianok MC TIP
p OIIIT g BigHOCHO mpuitHaToi CK
X Z
ol
o
QP.')
: w :
7
Z/7
IepemimeHHs1 JIaHOK BiXHOCHO oOcei
npuitasroi CK X Y 7P ppy — Busnauae Bux ta HampsM | — He Hamae moBHOI iHdopMarii mpo
OIIII: pyxy Ta | ¢yHKIioHANBHI MokiuBOCTI I1P;
X, Y, Z —  THiiHI  B3JI0BX B3a€MOPO3TallyBaHHA JIAHOK | —  HE  BH3HA4Ya€  BEJIHYHMHH
OJHOIMEHHHUX OCEii; y ®IIII ta BimHOCHO 00OpaHOi | mepemimeHs 1aHOK B CK I1P;
. o < :
o,B,y — obeproi HaBkomo oceii £ CKIIP — HE BHM3HAaUYa€ TIEOMETPHYHI
. . = .
XTPYTPZITP oo oBiEo 5 nmapameTpu nanok MC I1P;
g — HE BH3HAYa€  OJHO3HAYHO
Yo XSasY 5 posramryBaHHs ganok MC IIP
7 . . ..
a 2 BizHOCHO mpmiiHsToi CK
o,
[}
g
=
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THE EXISTING INFORMATION MODELS
OF INDUSTRIAL ROBOTS" MANIPULATION SYSTEMS

P

<Ii|c oil T (Iil")>

Cknanosi ©O:

- Ii|<:

,Oi

- 7T

ijv

— MOCTIMHUI PO3MID i1-0i JTaHKH;
, — Bics mpuitnsroi CK, B3noBx
SKOT ~ PO3TAIIOBYETBCS  i-Ta
JIaHKa;
— omepaTtop, IO BH3HAYAE

HAampsMOK ~ Ta THI  PyXy
HACTYIHOI JIAaHKH BiJIHOCHO
MOnepeHbOT

T, e{X,Y,Z,AB,C};

- BHU3HaA4Yae€ MakKCUMaJIbHY

BE/IMUMHY MCPEMILICHHS JUIA
i| -of nanku

CHMBOJIbHA JIITEPHO-YHCIIOBA

— Busnavae BHA pyXy JTaHOK

y @I BigHOCHO oOceit
npuiiHaToi  npasoi  CK,
BEJTHYHHI HepeMileHb

JIaHOK Ta PO3PI3HIE iX;
— YiTKO 3a/a€ pO3TallyBaHHS
nanok y @ITIT

— He nHamae moBHOI iHdopmanii
npo  (GYHKLIOHATbHI MOMIIHBOCTI
IIP;

— He BH3HAUa€ TEOMETPHUHI
napametpu taHok MC IIP;

— mpobiieMu, 1[I0  3yMOBJEHI
BHKOPHCTaHHAM KyTiB Elinepa npu
BiZoOpaXKeHHI NepeMilleHb

P

l,. O, type [p,.p,]
T, (1,,,)S;,

Cxnanosi ®O:

ijc

_()i

- T

- type - tun

— HoCTiitHuIT po3Mip i-0i JTaHKH;
- Bich npuiinsToi CK, B310BX)
SIKOI ~ PO3TAIOBYETBCS  I]-Ta
JIaHKa;

— omeparop, IO BHU3HAYa€e

HampsIMOK Ta TUI  PYXY
HACTYIHOI JIAaHKH BIiJIHOCHO
MOTIePETHHOT

7, e{X,Y,z,AB,C};

TE€OMETPUIHOT'O

HOPUMITUBY, L0 OMHCYE i|-TY
JIAHKY;

[p,.p,] — napamerpu, wo onucyiors

i

po3mip
MIPUMITHUBY;

TEOMETPUIHOTO

— BH3Ha4Ya€ MaKCHUMaJIbHY

BENIMYMHY TEPEMIIICHHS JUIA
i|-oi nauku

CHMBOJIbHA JIITEPHO-YHCIIOBA

— Busnavae Bz pyXy JTaHOK

y @I BigHOCHO OCEH
npuitaaToi  mpasoi  CK,
BETMYNHI nepeMimieHs

JIAHOK Ta PO3pi3He€ iX;

— YiTKO 3a/1a€ PO3TaIllyBaHHs
nanok y @IIIT;

— 3aJ1a€ TUIH F€OMETPUYHUX
IPUMITHBIB || -0i JaHKH Ta

X po3mipu

— IlpoGmemu, 1m0 3yMOBIEHI
BHUKOpHCTaHHAM KyTiB Eiinepa npu
BiZoOpaXkeHHI MepeMillieHb
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THE EXISTING INFORMATION MODELS
OF INDUSTRIAL ROBOTS" MANIPULATION SYSTEMS

o_ [D:8D.0).0,0.0)
k=14

1 0 0
D,(0)=| 0 cos® sind@ |,
0 sin® cos6
cos® 0 sin®
D,(0)= 0 1 0 |
—sin® 0 cos6
cos® sin@ 0
D,(0)=| —sin® cos6 O |,
0 01

100

D,0)=({010]|

001

d (1,0)=le,, k=13,
e, =(1,0,0)",

d,(1,6) = (1 - 0)e,

Critanosi @O:
— 0 — y3aranbHena koopauHaTa;

— | — noBxwumHa nanxwu;

— T omeparis TpaHCIIOHYBaHHS;

— Q — 6asuc I1P;

— D — marpuns 3ananns nosoKeHHS;

- d — wMmarpuus mepexomy 10
y3arajibHEHHX KOOPANHAT;

— K — kinbkicTs oceit npuitnsToi CK;
- D,(6).D,(6).D,(8) -

MATpHIi  TOJOXKEHHS  BiHOCHO

BiamoBigaux oceit CK;

- D,(0) - omunnuna Matpuus

CHMBOJIbHA HiTCpHO-'—II/ICHOBa

— Busnavae Bupg pyxy J1laHOK

y @®IIIl BimHOCHO Oceit
npuitesaToi mpasoi CK;
- BEIIMYUHU KyTOBHUX

HepeMillieHb JIaHOK ;
— 9iTKO 3a/1a€ PO3TaIlyBaHHS

nanok y OIIIT;

— BHUpimye TmpsAMy Ta
3BOPOTHIO 3amadi
KIHEMaTHKH,

— BH3HAUac€ OpIi€HTaNil0 Ta
miaxig Cx ITP

—  Uirko  BusHauene  OIIII
(po3ramyBanns jaHok MC IIP y
BUDJISII MPSIMOT JIiHIT) HE 1a€ 3MOTry
onucyBatH OunbLIicTh Mozeseit [1P;
— HE BH3HA4Ya€ TIEOMETPUYHI
napamerpu aHok MC I1P;

— mpobiemMH, 1[I0  3YMOBIEHI
BHUKOPHCTAHHIM MaTpHIh i3
po3MiHHOCTSIMH 3%3;

— HeMoxutuBicTs orcy MC TIP i3
THIHHAMY TepeMiIeHHIMH;

— He BigoOpakae MOXJIUBICTh
OJJHOYACHOTO IEPEMIIICHHS JTaHOK
MCIIP;

— He BKa3ye Ha pYXOMICTb Ta
HEPYXOMICTb JIAHOK
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THE EXISTING INFORMATION MODELS
OF INDUSTRIAL ROBOTS" MANIPULATION SYSTEMS

Cxanosi ©O: — Busnawae Buj pyxXy JaHOK | — IpoOleMu, IO  3yMOBIEHI
— Y, X,Z - niniiini nepemimenns y @Il BigHOCHO oCeH | BUKOPHCTaHHAM TpaJuLiiHOrO
npuitasaToi npasoi CK; MaTeMaTHYHOTO anapary;
B3[IOBX  BIINOBITHMX  Ocei — BOJIMYMHM  KYTOBUX 1 | — HE3Ba)XKalOUM Ha BEJIMKY KUIBKICTh
npuitasoi CK; J'liHi?lHl/IX NepeMillleHb JTaHOK; iﬂq)opMiu_LiﬁHux MaTeMaTHIHHX
— 4iTKO 3aJja€ PO3TAlIyBaHHS | Mojeneidl, B ToMy 9HCI 1
- BXBY,BZ - 006eproBi nanok y ®IIT; nepewkoa, posrisigae 1P we sax 3-
ﬂ_' % ) — Bupimye mpsMmy Ta | D Monens, a sk cHCTeMy HHTKOBHX
I MEPEMIILICHHSA HaBKOJIO 3BOPOTHIO 3a7a4i | 3B’SI3KiB, 10 HE J03BOJISIE TOYHO
OM =(Y;l,.;X1,.;BX1,.; BiIOBiMEHX oceii CK; KiHEMATHKH, THHAMIKH; BHPIIIyBaTH pan 3ama4q
Y :Q. :Q():Q.. :Fie: . ) s | - BeIKa KUIBKICTh (l)yHKHlOHa'J'IbHOI peanizoBaHocti, B
P 70T T wur ? TS m DT — 1, —1,, — nocriiini posmipu naHoK; 2 | indopmamniitaux TOMY YHMCJI 3a/1a4l IMHAMIKH
q";AQ) ) i S | MaTeMaTHYHMX MOZENEH, WO
MaremaruaHi Mozei lﬁ 103BOISIE BUpiLLyBaTH
- Q.. - npusosa; % 3131-10'1'1'4111{1 i 3aj1aui
2 YHKIIOHATBHO
—Q(t) — Buxomauoi wmexamiumoi | - | PEAH3OBAHOCTL
2| -
CHCTEMH; 3
/m
-F —  30BHIIHBOI  CHMJIOBOI §
B3a€EMOIIT;

— & — mepemkon;
— Q" — nporpamu pyxy IIP;

— AQ - cucremu kepyBaHHs




THE EXISTING INFORMATION MODELS
OF INDUSTRIAL ROBOTS" MANIPULATION SYSTEMS

foc
N O
b

\ /ﬁ [_G‘=230‘=5/M’=l=5 A=900"Ano5=1-6
A=b00=Aw =4 -—
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\.LC =1
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\
©Q
L
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fi=4/
=225 Lo set? ®1
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B=360 B, @ =t

lrr
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®M MC TIP (moderw) = (+O14,[H,]1Q,, C,, +02,[H,]Q,, C, 5...

o Oi,ti, [Hi,] Qi,-n,-l)(-:i,-(i,u)~--i Onltn‘ [Hn‘] in-(n‘-l) C
:<i0i| ti,[Hi,] Qi,—(i,—l) Ci,—(i,+1) il ::Tn|>

))Gr =

Ny -(ny+1,

Cxnanosi ®M:

+0Ol, - nosmauenns oci B
|

MOTepeIHbO NPUIHATIH TMpaBiit

cucremi koopauHat 1P, B3moBx

AKOI PO3TALIOBYEThCSA 1|-Ta JIAHKA
MC IIP B ®IIII;

HiI - TEOMETPUYHBl MapaMmeTpu

JIAaHKH
Cil-(i|+1) IS {/\, v, V} -

oreparop, 10 BKa3zye Ha
MO>KJIMBICTh OJTHOYACHOT'O
nepeMirieHs\HerepeMieHHs
TaHOK;

CHUMBOJIbHA JIITEPHO-YUCIIOBA

—  Jlo3Boyisie  BU3HAYMUTH
MOJIOXKEHHSI ~ Ta  B3aEMHE
po3TamryBaHHS ~ JIaHOK,  iX

reOMEeTpUYHI 1 KiHeMaTH4Hi
napameTpH, BUPILIYBaTH
3a7a4i JOCSHYKHOCTI MHOKUHU
TOYOK TIOJOXKEHHS KIHIIEBOL
nanku MC IIP 3/6e3 OM vy
poGoyomy pocTopi
TEXHOJIOTIYHOTO 00JIaHAHHSI
3 BpaxyBaHHAM
KOHCTPYKTUBHHUX
0co0auBOCTEN 00IaHAaHHS Ta
MPUCTOCYBaHb, @  TaKOX
KOHCTPYKTHBHO-
TEXHOJIOTTYHUX
xapakrepuctuk  MC IIP  Ta
OM;

— TPEACTABICHHS JIHIHHUX
Ta 00epTAIBHUX MEPEeMilleHb
y eauHOMY (opmaTi

— IlpupatHuii s
MPOMHCIIOBUX POOOTIB;
—  TpUAATHUH [UI1 CHCTEM e
MOXXJIUBE BCTAHOBIICHHS JIAHKH Y
OIII, TobTO mapanenbHO OAHIN i3
oceit a0COJTIOTHOT CHCTEMHU
KOOpJIHUHAT poboTa

OJTHOPYKHUX
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DESCRIPTION OF BOUNDARY LINKS MOVEMENTS

80 = +45° | + | -35°|
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THE FETURES OF INFORMATION MODELS OF FLEXIBLE
MANUFACTURING CELL COMPONENTS

1. DESCRIPTION AND USING OF THE GEOMETRICAL PRIMITIVES

Ilocniooenicms: aHalli3 KOHCTPYKINI CKJIaAOBOI — CKJJaHHS 11 TaK 3BaHOI CXEMU
samimeHHs (C3, ToOTO cKiIaaHHsS HUTKOBOI MOJIENI CKJIaJ0BOi) — 3aMiHa pyXOMHX Ta /

reomeTpuuHux npuMiTuBiB (I'TI) — cknaganus IM ckiamoBoi sSIK Takoi 3 ypaxyBaHHSM ii
MOXKJIMBOI PyXOMOCT1 200 HEPYXOMOCTI.

bazoei posmawysanns I'll 6 CK enemenma (E) ' BK

Xeor Yoo Zs, Onuc I'Tl muny “cghepa’:

Q Se: XSe’ YSe’ ZSe1 RSe
TyT:

Se — inentudikarop nmpumituBy Se (Sphere) — “cdepa”;
Xse — po3tamryBanHs cepu B3a0Bxk oci X B CK enementa E, mvm;
Y s, — po3tamryBanHs cepu B3noBx oci Y B CK enementa E, mm;

v X

Zg, — po3ramyBaHHs cepu B310BXk ocl Z B CK enemenra E, mum;

Rs. — paniyc chepu, MM.
N



1. DESCRIPTION AND USING OF THE GEOMETRICAL PRIMITIVES

A Onuc I'll muny “yuninop”:
TvT: Cr: XCr’ YCr’ ZCr1 RCr’ I—Cr
Le It : : : :
Cr — inentudikarop npumitusy Cr (cylinder) — “mwmiamgp”;

: cr X — po3tamryBanHs nuiainapa B3aosxk oci X B CK enementa E, mwm;
\( _______________ ( __ i ) Xe Y ¢; — po3tamryBaHHs nuiiHapa B3aoex oci Y B CK enementa E, mwm;
' Z -, — po3TauryBaHHs 1yutiHapa B310Bxk oci Z B CK enemenra E, MM;
R — paaiyc LMiIiHapa, MM;

Xen Yo Lot L, — AOBXKHHA IIITIHAPA, MM.

Onuc I'TI muny “xonyc”:
A Ce: Xeer Yeer Zeer Rees Teer Lee

YE
Tyr:
Le Ce — inentudikarop npumituBy Ce (cone) — “xonyc”;
Fce Xce — po3TairyBaHHs KoHyca B310BXk oci X B CK enementa E, mwm;

Y ce — po3TamyBaHHs KoHyca B310BXk oci Y B CK enemenTa E, mwm;
Z -, — po3TanryBaHHs KoHyca B310Bxk oci Z B CK enemenra E, MM;
Rce — 711BHI pajilyc KOHyca, MM;

Ce l'ce — IPABHIl paJilyC KOHYCA, MM;

L. — 1OBXKMHA KOHYCA, MM.

Cer ' Ce?
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1. DESCRIPTION AND USING OF THE GEOMETRICAL PRIMITIVES

Onuc I'll muny “napanenenineo”:
A :
Ye Tur- Pd: Xpg: Year Zpg Weas Hpas Dpg
WPd yT- . . . - .
Pd — inentudikarop npumitusy Pd (parallelepiped) — “napanenenines’;

Xpy — po3TainryBanHs napaienemninena B3aosx oci X B CK enementa E, mwm;
- Hig Xe Y pq — pO3TalIyBaHHs napaiesnemninena B3aosxk oci Y B CK enemenra E, MM;
N - / Drg > Zp4q — pO3TallyBaHHs napaienerninena B3noex oci Z B CK enementa E, mv;
____________ W — mMpurHa napanesneninena, Mm;
| \xp o Yoo Zog Hpy — BUCOTa mapasnenemninena, Mm;
Dpy — mmluHa napanesemninena, MM.
Onuc I'Tl muny “mpaneyisn”:
Tyr: TZ XTz’ YTz’ ZTz’ DTz’ WTZ’ Hsz’ H2Tz’ Atz sz
Tz — inenrudikarop npumitupy 12z (Trapeze) — “rpaneriis’;
Ye A W, X+, — po3ranryBanHs Tpanenii B3aoBxk oci X B CK enementa E, mwm;
Y ;, — po3tamryBanHs Tpaneuii B3AoBx oci Y B CK enemenra E, mwm;
D, /7 i H2,, Zr,— posrauiyBanus Tpaneuii B31osxk oci Z B CK enemenra E, mm;
) / L7 b, X, D+, — muOnHa Tpaneul:i, MM;
T2 N > Wy, — mmpuHa Tpanemii, MM;
1R B H1;, — miBa BECOTa Tpareii, MM;
N\ Xepp Y, Zo, H2;, — mpaBa Bucora Tpanemii, MM;

ar, —BlJICTaHb MK 0a30B010 Biccto B Ta nenTpom rpasi i3 Bucotoro H1, mwm;
b;, — BincTanp Mixk 6a30Bot0 Biccio B Ta rieHTpoMm rpaHi i3
BHCOTOIO H2, MM. 23



THE FETURES OF INFORMATION MODELS OF FLEXIBLE
MANUFACTURING CELL COMPONENTS

2. DESCRIPTION AND USING OF ORIENTATION QUATERNIONS

llIpu nompebi sminumu opicnmayito I'll 6xazyemvcs KeamepHioH 1020 oOpicHmayii, wjo
ONUCYEMBCA 3a paxXyHOK 4-0X 000amKoBUX NaApamempis:

Q=[S0 Xo Yo Zo1.

Q = (S" \;) = (S's v—xa \(7:\"'.'- ‘!Z) =

a . a . a . a
=(cos—,v_-SIn—, V_-Sin—_V, -sinh—)
2 2 2 2

[Tpuknan onucy Ta BianosigHoi 3D-monem 'l tuny “yuninop’:

Ye Ye
Z’E \\iE Z,E : \\)%
CR: 0,0, 0, 50, 200 CR: 0,0, 0, 50, 200, 0.7,0,0.7,0

0e3 KBaTepHIOHA Opi€HTAIi1 13 KBaTepHIOHOM Opi€HTAIi1 ;/\/L
24



THE FETURES OF INFORMATION MODELS
OF FLEXIBLE MANUFACTURING CELL (FMC) COMPONENTS

— a single mathematical apparatus in case of IM creation is the theory of quaternions. The
description of all components as single semantic units — quaternions — owing to these providing a
scalar and vector component, allows describing both the motionless structural components, and
mobile ones displaying linear and rotary movements. It is especially important for the description of
relative movements of mobile links of the handling system, gripper elements, mobile elements of
each working post device;

— utilization in the quaternion description of components of geometric primitives allows the
recreation of 3D-models as separate parts of each component and their arrangement in sequence.
It is important in the case of the solution of a number of tasks of technological content, for example,
for the determination of the trajectory parameters of the gripper movements in case of technological
operations of unloading and loading of each working post;

— including into the information model of the CFR of parameters used for “connecting” separate
cells determined by features of the described component for the display of their ordered
sequence; for example, in the case of the description of the ordered sequence of links of the
handling system, gripper, and devices is universal;

— other parameters (weight and speed of the relative movement of links) brought into the IM allow
the further solving of direct and inverse problems of kinematics and dynamics necessary for
determining the temporary and dynamic parameters of synthesizable gripper trajectories, and
also the determination of the link control laws for the automatic implementation of the synthesized

optimum trajectory of gripper movements.
S



THE EXISTING GRIPPERS' INFORMATION MODELS

I'padiune npeacraBiieHHst ITo3HayeHHsi / MaTeMaTH4HI IlepeBaru Hepnoaikn
BHPa3H
[
L _—I;E ‘o E; |—||: > Bimob6paxae > He Hajae
O3TalllyBaHHs MMOBHOT
| [my N 2 L p yB :
12 8 & 13 4 1 1 — prnanews; 3HHPB o 1H®0pmauunp9
MaHIMyJIsid Hik | GyHKIIOHATBHI
|y « B 3 . cucremi MOKJIUBOCTI
E 4 [ L_J 2 — JBHUTYH; IPOMHUCIOBOTO 3III1P;
l_] Ay 7 I_l ’_| g poboTta » BIJICYTHICTh
1 3 1 k 3 .
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3, L XY~ qanpamok oceit MaTeMaTHIHAX
BUpa3iB

JIAHOK;

26



THE PROPOSED GRIPPERS' INFORMATION MODELS

I'padiune npeacraBieHHs IlepeBarn Henmoniku Bumoru mogo @O
SIIIP
. BiI0OpaXKeHHS
TEOMETPUYHUX  PO3MIpiB
. " > i €JIEMEHTIB JIAHOK
7 MICTHTE MaHIMYIAIHHAX ~ CHCTEM
z indopmari n .
.z/ o ,\9 6(b0p ario po Ta CXBaTiB IPOMHUCIOBUX
i MEKEHHS Ta -
L Pad - - genﬂeqﬂeHH poboris;
X ;\x , HasBHICTB iH(popMalii mpo
nepeMileHb
- CPEMILLE . OOMEXEHHS Ta BEIMYMHU
MHX €JIEMEHTIB .
pyXo cieMe . HepeMIILIEHb PYXOMHX
3aXBATHOTO > obmexericTs SIIEMEHTIB Po0O0Ta;
. . Habo ’
Io3naveHnst / MaTeMaTHYHi BHPA3H TPHCTPOI0; , Py BUKODHCTAHHS  €IMHOIO
> Hajiac BiOMOCTi | TCOMCTDHIHIX MaTeMaTH4YHOTO  amapary
= i = i | mpuMiTHBIB
®M3IIIP(mozens) = <P3m,.,, CFP, (C€<Gpic| i =1, Ic> ) v TIpo. rCOMETPHYHI ;ulz - ’ TIpeICTaBIEHH S
) L — PO3MIpH o0epraiabHUX Ta JIHIHHUX
v (\/iv E<Liv’ <Gpiv. vV, i, =13, >>| i, =1, |v) 3aXBaTHOI'O ) OITUCYIOTHCH PYXiB:
c . e T .| TpuCTpoIO - Ta X [ CHICMCHTH YHIBEpCATBbHICTH st
— IpyIa HEPYXOMHUX EIEMEHTIB KOHCTPYKIIi] , |~ KiBKICTh KOMIOHEHTIB | panenime 3aXBATHOLO o icryioanx
rpymu C; GpiC — IeOMETPUYHUI NPUMITUB, ViV — Ipyna pyXxOMUX €JIeMEeHTIB IIOJIOKCHHS, NPACTPOXO KOHCTpYKIit
KOHCTPYKHi'l' 3IITP; Vjv — OIHKC HOBOT jv'O'l' rpynn V, sIKa OIMUCYETHCA B CK rpynu > HpI/I,Z[aTHé/II/I AT MaHiHyﬂHHiﬁHI/IX CUCTEMU
b . ) OIHCY araTbox .
V,, » 10010 Mae BracHy CK, inTepBaibHi 0OMEKEHHS WOAO MOMKIHBHX NIEPEMILIEHD icHyrounx Ta 3aXBAaTHUX TIPHCTPOIB
. . . . . - MIPOMHCIIOBUX POOOTIB;
Ta BIANOBIIHMIT CKIaf eneMeHTiB; J,, — KinbKicTh KommoHeHTiB rpymu V, ; L, — | KoHCTpyKITii .
i v T pocTOTa HpPOTpaMHoO]
; ; i imitati XBaTHHUX N .
IZ[CHTI/I(?lKaTOp 0.6M6.)K6HH$[ (Bix anri. Limitation — ooMexeHHs), MPe/ICTaBIIEHOTO Y ia HcaT vi pearisauii I BUpIICHHS
BUIIIsAI KBaTepHioHiB. P, — momtoc TP, touka B CK ITP, HeoOxiHa ast PHUCTP pi3HOMaHITHHX

nouyky TTIC. CFP— nonatkosi napamerpu 3I1IIP, 3a nonomororo sxux
3IiHCHIOEThCS oeaHan s (iHTerparis) @M 3I1IP 3 ®M MC I1P

TexHonoriuaux 3agay AC
PMCT
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EXAMPLES OF THE GRIPPERS’ INFORMATION MODELS

Ipuknao 1. ®O Bakyymuoro 3I1ITP mozgemi
“VGS™3010 BFSOP” BupoOHuka dipmu Piab (I1Iseris)

3D-exsi 31IIpP
Koncmpyxkuia 31111P ereeanent

@O 3MIIP (VGS™3010 BF8OP) = {

CFP[(20, 30, 0)(0,0,0,1)]

M(0.3)

{

GP:[

PD: 5,0, 0, 40, 20, 20;
CR:-5,0,0, 7, 80;
CR: 25, 15, 0, 10, 20, 0.71, 0, 0, 0.71;
CR: 25,-45, 0, 13, 60, 0.71, 0, 0, 0.71;
CR: 25, -35, 0, 25, 10, 0.71, 0, 0, 0.71;
CR: 25, -48, 0, 35, 10,0.71, 0,0, 0.71;

IIpuknao 2. ®M xytoBoro nHesmaruynoro 3I1I1P
moznem “LGR 32”3 2-ma 3E
¢ipmu Schunk (Himeuunna)

Konucmpykuia 3ITTTP 3D-exesieanenm 3IIIIP

@0 3IIITP (LGR 32) = {
CFP[(0, 0, 0)(0.707,0,0,0.707)]
M(2)
c{ GP:[PD:0, 0, 0, 130.5, 60, 37;] }
V{
LIM[(0, 119, 24, 0)(0, 119, 24, 0)(L, 0, 0, 0)(0.707, 0, 0, 0.707)]
GP:[PD:-15, 0, 0, 30, 12.5, 16; PD:15, 0, 0, 30, 12.5, 16;
PD:20, 12.5, 0, 58, 14, 16; PD:42.5, 0, 0, 40, 12.5, 16, 0.985,0,0,0.174;
PD:76, 13.2, 0, 40, 12.5, 16, 0.985,0,0,-0.174; PD:110, -0.5, 0, 6, 11.5, 16:]
}
V{
LIM[(0, 119, -24, 0)(0, 119, -24, 0)(1, 0, 0, 0)(0.707, 0, 0, -0.707)]
GP:[PD:-15, 0, 0, 30, 12.5, 16; PD:15, 0, 0, 30, 12.5, 16;
PD:20, -12.5, 0, 58, 14, 16; PD:42.5, 0, 0, 40, 12.5, 16, 0.985,0,0,-0.174;
PD:76, -13.2, 0, 40, 12.5, 16, 0.985,0,0,0.174; PD:110, 0.5, 0, 6, -
}
}




THE SCHEME OF FORMING GENERAL INFORMATION MODEL OF
INDUSTRIAL ROBOTS

Crmanosi ®M:

0,

Tno3HaucHHA  oci

Cien €AV}

OmepaTop, 1o BKasye Ha
MOZKIHBICTb OIHOUACHOTO
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HaHoK;
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cuetemi koopmimar TIP, B310BK
sIKOI POITALLIOBYCTBCA i-Ta MaHKa

MC IIP B ®IIIT;
~ H, - reoverpmum mapaverpi
o

Tuopmauniiina moaenn
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v (v,» et (op, YV, 1y = T3, )i, =1
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YHIBEpCATbHICTD st
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KOHCTPYKILiit
MaHimyJIALIHHAX ~ CHCTEMH
Ta 3aXBATHHX MPHCTPOIB
MPOMHUCIIOBHX POGOTIB;
npocToTa TPOrpamMHoOi
peanizanii s BUpilIeHHsS
Pi3HOMAHITHHX
TexHonoriyanx 3agay AC
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THE VECTOR-PROJECTION (V-P) COMPONENT OF GRIPPERS'
INTERACTION WITH OBJECTS OF MANIPULATION
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PII,
Ing, IIpPII,

IIpPIl; — mpucrocyBaHHA t-0i po6owoi mo3muii;

PII; — t-Ta poboua moamuis;

OM{‘: — d-mit 06'eXT MaHINyTIOBAHHA g-0i IPYIIH;
3IIIIP — 3axparHmif MPHCTPiil MPOMMCIOBOrO poboTa;

G, — nenp Mac OM%;
P3p — momioc 3IT;

JIII3/P; — ainifini mapaMeTpH 3aTeCKy/PO3THCKY;

TBB; — TexHoTOriYHMIt BEKTODP BiaXOmy;

TBII; — TexHOIOTiYHMIT BEKTOp MiIXOIy;

TKII; — TeXHOIOTiYHMIT KyT ILIXOIY;

TKB; — TexsHonOriYHMif KyT BiIxoxy;

TKIIp, — TeXHOTOTiYHHIT KyT IIPHCTOCYBAHHS t-0i PoBOYOl ITO3MILii;
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THE SIMPLIFIED SCHEME OF CALCULATION SEQUENCE OF
ANGULAR SERVICE PARAMETERS (ASP) AND
LINEAR SERVICE PARAMETERS (LSP)
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THE MAIN CONTENT OF THE
CRYSTALIZATION OF ALTERNATIVES FIELD METHOD

CyTHICTh METOAY KpHUCTali3ailli, B TOMy YHCJ KpUCTaTi3allli po3CUIy albTE€pPHATHUB,
MOJISITA€ Yy BUBYEHHI 1 BUKOPHUCTAHHI METAE€BPUCTHUK, 3aKJIAJCHUX B MPUPOAHUX MEXaHI3Max
NPUUHATTS pillieHb. Y poOOTI MOPsi 3 METaeBPUCTUKAMHU, Ha SKUX MOOYI0BaH1 POMOBI allTOPUTMH,
BUKOPHUCTOBYETHCSI METACBPUCTHKA, SKAa BPAXOBYE TEHJICHIIIIO 1O BUKOPUCTAHHS aJIbTEPHATHUB
(BapiaHTIB KOMIIOHEHTIB) 3 HaWKpallluX 3HAMICHHMX pillleHb. B mpoIeci ¢BOMIOIIHOT KOJIEKTHBHOT
ajanTaili MeTOJaMHu JUCKPHUMIHAHTHOTO aHalizy (QOpMYIOTbCS OLIHKU MPUCTOCOBAHOCTI
anbTepHaTuB. [IpUCTOCOBAHICTh AJIBTEPHATUB PO3MIANAETHCS SIK MMOBIPHICTH 1i BUKOPHUCTAHHS B
dbopMoBaHoMy pimieHHI. CyKyIHICTh JAHMX IIPO aJIbTEPHATHBH Ta iX OIIIHOK CKJIAJa€ PO3CHUIl
anbTepHaTtuB. JIUCKpUMIHAHTHUM aHaji3 ajbTEpPHATUB B TMPOIECI EBOIIOLINHOI KOJIEKTUBHOI
ajanTarii Ha3BaHUK 3a aHAJIOTIEI0 3 MPOIECaMK BUOKPEMIICHHS 00 €KTiB ((hopMyBaHHS KPHCTAIIIB)
KpHCTaji3amiero. [HImMMu caoBaMu, B MPOIEC] €BOTIOMIMHOI KOJIEKTUBHOI ajanTarii MpOBOAUTHCS
BUWICHCHHS 3 MHOKHMHM BapiaHTIB HaOUIbII MPUCTOCOBAHUX aJIbTEPHATUB. 3B1JACH Ha3Ba METOIY

onTUMizaIii - Meron Kpucramizamii po3cumiB ansrepHaruB (KPA) (ammm. Crystallization of
Alternatives Field (CAF)).
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THE GRAPHIC INTERPRETATION OF THE CAF METHOD
IN COMPLEX OF THE CONTENT OF THE SOLUTED TASKS
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A

Unloading WP, ,

A

Loading WP,

THE ASP and LSP
(the examples for cylindric object with parameters OM
@ = 52mmMm, L =400 mm)

Y,
I KIIC,,=242.360

KIIC,_=0..114

MpPIL—\ |

PII P
! KIIC=0..360

The Angle Service Parameters
ASP,, ASP,

Yo JIIC, =74,94..325,06

" "' _'_'}..HHCI_1=86,4..313,6

Yo
i

The Linear Service Parameters
LSP,, LSP,



THE GEOMETRICALY-FORCE (G-F) COMPONENT OF GRIPPERS®
INTERACTION WITH OBJECTS OF MANIPULATION
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THE TRAJECTORY-DYNAMIC (T-D) COMPONENT OF GRIPPERS'
INTERACTION WITH OBJECTS OF MANIPULATION

3NnP
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TrSp, — Tpaekropuuii npoctip nepemimenns 3I1TIP 3/6e3 OM;;
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THE PROPOSED METHOD OF INVERSE KINEMATICS TASKS RESOLVING

TpuKIaA 3MiHN JTOKAEHOTO Yacy KOXKHOT
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THE EXAMPLE OF THE GENERATED TRAJECTORY
REALIZATION BY DEVELOPED "ROBIX" SOFTWARE




THE EXAMPLE OF GENERATED TRAJECTORY
REALIZATION BY DEVELOPED "ROBIX" SOFTWARE




THE PROPOSED METHOD OF COLLISIONAL TRAJECTORIES
@ CORRECTION
\

®H06y11013a 3a OMOPHUMH TOUKAMU . :
C... Dy, Dy, C, Gasoroi o @

(xoperoBanoi) cubic-spline- oo

- L . TpaeKkTopii £ o
@3H3H&‘ICHH5{ MOUHU *

npoHuKHeHHs enemeHTiB TPK B oo

HEPETIOHY. -

OpPMYBaHHSI CUMILIEKCY NePEeTUHY ;
wonizis  enementi TPK 3 nepenonoro.

Hepe6ip BCIX I'PaHell CUMILJIEKCY
nepeTHHY Ta IepeBipKa 00
HaJIC)KHOCTI JI0 TUIOIIUH TPaHeit
MIEPETIOHH.

POCKIIisl KOXKHOT BEPIITMHU
CHMILIEKCY MepeTHHY Ha
BIIMIOBIIHY TUIOIIMHY.

I/I3HaquH;I JOBKHUH BIJIP13KIB M1%K
BEPIIMHAMYU CUMILIEKCY IEPETHHY _

Ta 'l'X HpOCKHiSIMI/I. KOJI131MHA TPAEKTOP1A e
N3HAYeHHS HAHOIIbIIOro ‘ .
3HAYEHHS JOBKUHH 3MillleHHS.

CpeMiH_IeHH}I nonroca 3I1T1P va

OTpYMaHI BETMINHU 3MIMIEHHS Ta
(bopMyBaHHS HOBOI TPAEKTOPIi 13
MPOMDKHUMH Toukamu B.
OBTOpEeHHS K. 1-8 10 moOynoBu
0€3KOJI131iHOT TPAa€EKTOPII. - 40




ALGORITHM OF AUTOMATED GENERATION OF
NON-COLLISIONAL TRAJECTORIES
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INFORMATION MODEL OF MANIPULATION SYSTEM

IR’s MS mod. KUKA KR-30-3 (Germany):

KUKA KR-30-3 = {

P:0,0,0;

0:1,0,0,0;

L1:(D:0,1,0;S:350;m:250; GP:[cr: 0, 0, 0, 300, 350;]);
L2:(D:0,1,0;S:150;m:137;v:140; Qmin: -0.044,0,-0.999,0;
Qmax:-0.044,0,0.999,0; GP:[cr: 0, 0, 0, 300, 150;]);
L3:(D:1,1,0;S:450;m:92; GP:[ tz: 220, 220, -100, 200, 400, 600,
500, 300, 0, 0.924,0,0,0.383;]);

L4:(D:-1,1,0;S:850;m:60;v:126; Qmin: 0.462,0,0,-0.887; Qmax:
0.924,0,0,0.383; GP:[cr:0,0,0,150,300, 0.707,0.707,0,0;
pd:0,0,200,850,250,200;]);

L5:(D:0,1,0;S:145;m:40;v:140; Qmin: 0.829,0,0,-0.559; Qmax: -
0.259,0,0,0.966;GP:[cr:0,0,0,150,300, 0.707,0.707,0,0;pd:-50,-
150,0,400,500,200;]);

L6:(D:1,0,0;S:350;m:20; GP:[cr:0,0,0,100,350;]);
L7:(D:0,1,0;S:465;m:10;v:260; Qmin: -0.996,0,-0.087,0; Qmax:-
0.996,0,0.087,0;GP:[cr:0,0,0,100,150;pd:0, 150, 0, 200, 100,
100;pd:0, 310, -60, 200, 100, 30;pd:0, 310, 60, 200, 100, 30;]);
L8:(D:0,1,0;S:170;m:5;v:245; Qmin: 0.508,0,0,-0.862; Qmax:
0.508,0,0,0.862; GP:[cr:0, 0, 0, 50, 170;]);
L9:(D:0,1,0;S:10;m:1;v:322; Qmin: -0.996,0,-0.087,0; Qmax:-
0.996,0,0.087,0; GP:[cr:0, 0, 0, 40, 10;]);

¥

bis Mitte/

KR 30-3, R=2033
KR 60-3, R=2033

-3, R=2230
KR 60 L30-3, R=2429
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INFORMATION MODEL OF THE GRIPPER

Gr mod. LGR 32 (Schunk, Germany):

Gripper(LGR 32) = {

CFP[(0, 0, 0)(0.707,0,0,0.707)]

M(2)

C{

GP:[PD:0, 0, 0, 130.5, 60, 37;]

by

V{

LIM[(0, 119, 24, 0)(0, 119, 24, 0)(1, 0, 0, 0)(0.707, 0, 0, 0.707)]
GP:[ Koncmpyxuyia 3IITIP
PD:-15, 0, 0, 30, 12.5, 16;

PD:15, 0, 0, 30, 12.5, 16;

PD:20,12.5, 0, 58, 14, 16;

PD:42.5, 0,0, 40, 12.5, 16, 0.985,0,0,0.174;

PD:76, 13.2, 0, 40, 12.5, 16, 0.985,0,0,-0.174; Ao
PD:110,-0.5, 0, 6, 11.5, 16; |
13 -
V{

LIM[(0, 119, -24, 0)(0, 119, -24, 0)(1, 0, 0, 0)(0.707, 0, 0, -0.707)]

GP:[

PD:-15, 0, 0, 30, 12.5, 16;

PD:15, 0, 0, 30, 12.5, 16;

PD:20,-12.5, 0, 58, 14, 16;

PD:425,0,0, 40, 12.5, 16, 0.985,0,0,-0.174; 3D-exeieanenm 3ITTIP
PD:76,-13.2,0, 40, 12.5, 16, 0.985,0,0,0.174;

PD:110,0.5,0, 6, 11.5, 16;]}
} 43 ‘




AUTOMATED RESEARCH OF TRAJECTORY PROBLEMS IN INDUSTRIAL
ROBOTICS BY THE CRITERIONS OF POWER CONSUMPTION + SPEED
(reducing the duration of GC’s working from the first link (rack) of IR's MS to Gr)

Option 1

N = 748,90 mW
T =28
e 0.9 280,1/322.0 19
Jg
415 0 1.9
J;
q 0.7 40, 0 1
Jy
as 0 0/0,0
- g5 04 257211400 1.8
I3
2400 . O/M 15
2200 —_ )
2 000 2
1800 — M3 q; 0 0.0/0.0
1600 —
£ 1400 —u
= 1200 — 7 qp iﬂ‘?\ 40, 0
= 1000 3
800 — Mo 1
800 gy O 0.0/0,0
400
200 — — AR AR RN AR AR R AR LA RN RN RRRRRRRARY
0 — 0 0.4 0.8 1.2 1.6 2
200
0 032 0.4 05 08 1 12 14 15 18 2

P1: X =2234,8; Y = 1012,9; Z =0; P2: X=996,1;Y =1327,8; Z = 1110,1. E/;ﬁ'



AUTOMATED RESEARCH OF TRAJECTORY PROBLEMS IN INDUSTRIAL
ROBOTICS BY THE CRITERIONS OF POWER CONSUMPTION + SPEED
(reducing the duration of GC’s working from Gr to the first link of IR's MS)

Option 2

N =702,95 mW
t=19s
qe 0 280.0/322.0
Jg
415 0.8 0 19
J;
q 0.7 0
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g5 0 0.0/0,0
g5 04 2 0 1.8
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2 000 M1 s 0.4 82 .0 1.9
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1 600 s
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; 1200 ::17
- 1000 L
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400
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-200
0 0,2 04 05 08 1 1,2 1,4 15 1,8 2 0 0.4 0.8 1.2 1.6 2

P1: X =2234,8; Y = 1012,9; Z =0; P2: X=996,1;Y =1327,8; Z = 1110,1. E/ZQL



AUTOMATED RESEARCH OF TRAJECTORY PROBLEMS IN INDUSTRIAL
ROBOTICS BY THE CRITERIONS OF POWER CONSUMPTION + SPEED
(duration of activated GC's working for 1 second from Gr to the first link of IR's MS)

Option 3

N = 878,95 mW
tT=15s
9 04 280,
Js
45 3 f245.0 1.5
Iz
q 0 48; 0
Jy
g5 0 /OOJL‘L‘ o)
i g5 0.1 5.371140.0 1.1
2500 I3
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~ 1,
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=
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J
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\7 ay O 0,0/0,0 2
-500
|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|
0 0,2 0,4 08 0.3 1 1.2 1,4 18 18 2 0 04 0.8 s L .

P1: X =2234,8; Y = 1012,9; Z =0; P2: X=996,1;Y =1327,8; Z = 1110,1. E/;g'



AUTOMATED RESEARCH OF TRAJECTORY PROBLEMS IN INDUSTRIAL
ROBOTICS BY THE CRITERIONS OF POWER CONSUMPTION + SPEED
(duration of activated GC's working for 1 second from the first link of IR's MS to Gr)

Option 4

N =821,80 mW
t=19s

2 500 45 . 35343400 _
— M1 I,
20 — M3 s 0.9 12384260 19
_ e — M5 I
£ — MG
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0 04 0.8 1.2 1.6 2

P1: X =2234,8; Y = 1012,9; Z =0; P2: X=996,1;Y =1327,8; Z = 1110,1. E/;ﬁ'



AUTOMATED RESEARCH OF TRAJECTORY PROBLEMS IN INDUSTRIAL
ROBOTICS BY THE CRITERIONS OF POWER CONSUMPTION + SPEED
(increasing the duration of GC's working from Gr to the first link of IR's MS)

Option 6

N =741,26 mW
T=28S
iy WE
Jg
g 0.3 0 2
Jz
4 0.3 3 1]
Jy
G5 0 D=0J'ID
g " W 1.6
2 500 3,
2000 - 'y 0.4 95.24426.0 1.7
— J;
1500 — M4
= — M5B g3 O 0/0.0
E —_ e
Z 1000 —-MT
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_EOD |||||||||||||||||||||||||||||||||||||||||||||||||||
o 02 0,4 0.8 0.8 1 12 14 16 18 2 0 04 0.8 12 1.6

P1: X =2234,8; Y = 1012,9; Z =0; P2: X=996,1;Y =1327,8; Z = 1110,1. E/;g'



AUTOMATED RESEARCH OF TRAJECTORY PROBLEMS IN

INDUSTRIAL

ROBOTICS BY THE CRITERIONS OF POWER CONSUMPTION + SPEED
(GC's working from the first link of IR's MS to Gr with the highest allowable speed)

Option 7

1500
= 1000

500

2500
2000
_-f-—__-\-._,

-500

0 0,2 0.4 06 08 1 12 14 16

P1: X =2234,8; Y = 1012,9; Z =0;

N =1004,52 mW
t=19s
s, PR
s W
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9 U /\L@{}?]
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b B 0000
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P2: X=996,1;Y =1327,8; Z = 1110,1.



AUTOMATED RESEARCH OF TRAJECTORY PROBLEMS IN INDUSTRIAL
ROBOTICS BY THE CRITERIONS OF POWER CONSUMPTION + SPEED
(simultaneous start and completion at the same time of GS's working)

Option 8

N = 729,38 mW
T=2S8
2 OW‘Cz

2400 as Uw
2200

2
- J
2000 — M1 3
1 800 e qa 0 IF26, 2
1600 i 5
.
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P1: X =2234,8; Y = 1012,9; Z =0; P2: X=996,1;Y =1327,8; Z = 1110,1. E/;f'



AUTOMATED RESEARCH OF TRAJECTORY PROBLEMS IN INDUSTRIAL
ROBOTICS BY THE CRITERIONS OF POWER CONSUMPTION + SPEED
(GC's working from Gr to the first link of IR's MS with the highest allowable speed)

Option 9

N =1043,38 mW
t=1,5s
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P1: X =2234,8; Y = 1012,9; Z =0; P2: X=996,1;Y =1327,8; Z = 1110,1. E/;?'



AUTOMATED RESEARCH OF TRAJECTORY PROBLEMS IN INDUSTRIAL
ROBOTICS BY THE CRITERIONS OF POWER CONSUMPTION + SPEED
(GC's working with the highest allowable speed for MS with positional control system)

Option 10

N =1098,14 mW
t=39s

/‘/—\/\/N/\/B 31um\:<_u 3,9

Ja
2500 A
— M1 . 1.5 123, 6=0M
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P1: X =2234,8; Y = 1012,9; Z =0; P2: X=996,1;Y =1327,8; Z = 1110,1. E/;?'



AUTOMATED RESEARCH OF TRAJECTORY PROBLEMS IN INDUSTRIAL
ROBOTICS BY THE CRITERIONS OF POWER CONSUMPTION + SPEED
(simultaneous completion of GC's working with the largest allowable speed)

Option 11

N = 1256,53 mW

t=1s

@ 11 %/\2
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P1: X =2234,8; Y = 1012,9; Z =0; P2: X=996,1;Y =1327,8; Z = 1110,1. E/;f'



AUTOMATED RESEARCH OF TRAJECTORY PROBLEMS IN INDUSTRIAL
ROBOTICS BY THE CRITERIONS OF POWER CONSUMPTION + SPEED

(simultaneous start of GC's working with the largest allowable speed)

Option 12
N =1512,80 mW
T=1s
g9 0 311, 2.0 0.9
a5 J;M 1

0,000
3060 017.4440
2 500 — qis SR,
2 000 J;
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P1: X =2234,8; Y = 1012,9; Z =0; P2: X=996,1;Y =1327,8; Z = 1110,1. E/;?'



AUTOMATED RESEARCH OF TRAJECTORY PROBLEMS IN

INDUSTRIAL

ROBOTICS BY THE CRITERIONS OF POWER CONSUMPTION + SPEED
Comparison table of the received results

Ne option N, mWatt AN, % Tpy_pp, SECONAS ATpy py, Y0
1 (slide 40) 748,90 6.54 2,0 100
2 (slide 41) 702,95 0 1,9 90
3 (slide 42) 878,95 25.04 1,5 50
4 (slide 43) 821,80 16.91 1,9 90
5 (slide 44) 756,10 7.56 2,0 100
6 (slide 45) 741,26 5.45 2,0 100
7 (slide 46) 1004,52 42.9 1,9 90
8 (slide 47) 729,38 3.76 2,0 100
9 (slide 48) 1043,38 48.43 1,5 50
10 (slide 49) | 1098,14 56.22 3,9 290
11 (slide 50) | 1256,53 78.75 1,0 0
12 (slide 51) | 1512,80 115.21 1,0 0

AN = NilgNmi" .100% Ar:T‘T_T’“‘” .100% i=112

min

min



EXAMPLE OF THE NONCOLLISIONAL TRAJECTORY FINDING

2400
2200
2000
1800
1600
1400
1200
1000

800

W, Nem

200

-200 \-__________-—‘
-400
-600
-800
-1000

02

1700 000

1500 000
1400 000
1300 000
1200000
1100 000
£ 1000000
£ eooom

700 000
600 000
500 000
400 000
300 000
200 000
100 000

- ~d
Mosuauen | KOOpIMHATH ONIOPHUX TOYOK Hampsim Bektopa Gr Hamnpswm oci O,

Hi X, mm Y, mm Z, mm Xmm | Y,mm | Z,mm | X,mm | Y,mm | Z, mm

Ci1 1276,46 | 1649,52 | 701,21 -0,76 0,49 -0,41 -0,48 0,00 0,87

Ci 1422,82 | 1636,13 | -271,24 -0,83 0,52 0,15 0,18 0,00 0,98

T = [0,24, 0,36], Tcolmax = 0,30

Po3paxoBanuii yac BignpamroBanus tpackropii: T = 0,45 ¢
PospaxoBane 3HaueHHs eneproemHocTi Tpaekropii ITP mix Tr. C,; Ta C:

E = 0,000038 kBTeron

EEEEEEEEE

002 004 006 008 01 012 014 016 01 02 022 024 026 028 03 032 O

BEEREE2R2RINS

-




850000
800000
750 000
700 000
850 000
600 000
550 000
500 000
480 000
400 000
350 000
300 000
250 000
200000
150 000
100 000
50 000
o

“olume, mm*

EXAMPLE OF NONCOLLISIONAL TRAJECTORY FINDING

0,02 004 008 008 o1

0,12 014 018 018 02 022 024 028 028

s

Hanpsm Bekropa Gr

- ~d
Hanpsm oci O,

Iosnayen | KOOPOMHATH OMOPHHUX TOYOK
HA X, mm Y, mm Z, mm Xmm | Y,mm | Zmm | X,mm | Y,mm | Z, mm
Cia 1276,46 | 1649,52 | 701,21 -0,76 0,49 -0,41 -0,48 0,00 0,87
B 876,47 | 1639,73 -5,75 — - - - - —
Ci 1422,82 | 1636,13 | -271,24 -0,83 0,52 0,15 0,18 0,00 0,98

T = [0,27, 0,39], Tcolmax — 0,31

0,44

58



EXAMPLE OF THE NONCOLLISIONAL TRAJECTORY FINDING

gf 300 000 IFI‘I .‘lﬂ"'\.‘l
-
MMosnauen | KOOpauHATH onoﬁ,{%}’r}qmc Hanpsim Bextopa Gr Hampsim oci Ofﬁl
HA X, mm Y, mm Z, mm Xmm | Y,mm | Z,mm | X,mm | Y,mm | Z, mm
C1 1276,46 | 1649,52 701,21 -0,76 0,49 -0,41 -0,48 0,00 0,87
B, 891,92 | 1642,85 217,51 - - - - - -
B, 876,47 | 1639,73 -5,75 - — - - - —
C 1422,82 | 1636,13 | -271,24 -0,83 0,52 0,15 0,18 0,00 0,98

T = [0,27, 0,39], Tcolmax = 0,31
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EXAMPLE OF THE NONCOLISION TRAJECTORY FINDING

Yolume, mm?

12 000

11000

10 DDD

9 000

& 000

7 000

& 000

5000

4000

3 000

2000

1000

0

0 0,02 004 006 008 01 012 014 016 018

Koopaunatu onopHuX TOUOK

Hamnpsm Bektopa Gr

. d
Hanpsm oci O

ITo3nauen
HA X,mm | Y, mm Z, mm X;mm | Yymm | Z,mm | X,mm | Y,mm | Z, mm
Ct1 1276,46 | 1649,52 | 701,21 -0,76 0,49 -0,41 -0,48 0,00 0,87
B> 891,92 | 1642,85 | 217,51 - — - — _ _
B 876,47 | 1639,73 -5,75 - - - - _ _
B3 1024,99 | 1637,46 | -285,72 - - — - _ _
Ci 142282 | 1636,13 | -271,24 -0,83 0,52 0,15 0,18 0,00 0,98

T= [0,28, 0,30], Tcolmax — 0,29

02 022 024 026 028
s

03 032 034 036 038 04 0,42 044

60



EXAMPLE OF THE NONCOLLISIONAL TRAJECTORY FINDING

Po3paxoBanuii yac BinmpaioBanHs TpaekTopii: T = 1,64¢

PospaxoBane 3HaueHHs eHeproemuocTi Tpaekropii IIP mix 1. C,; Ta C.: E = 0,00028 xkBTeron

2600
2 400
2200 — M1
M2
2000 —-M3
1800 - m;
1600 - M6
- M7
1400 Ma
£ —me
é_ 1200 — M10
1000
800
600
400
200
0 e e — —
-200 \’_/
-400
1] 01 02 03 04 05 06 07 03 09 1 11 12 13 14 15 18
£,
I ‘ 0 002 0,04 008 008 0,1 012 0,14 0,16 0,18 02 022 024 026 028 03 032 034 036 0,38 04 042 044
( T5
Iosnauen | KOOPAMHATH OMOPHUX TOYOK Hampswm Bextopa Gr Hanpsim oci ijl -
Hsl X, mm | Y, mm Zmm | X,;mm | Y,mm | Z,mm | X,mm | Y,mm | Z, mm e %
Ci1 1276,46 | 1649,52 701,21 -0,76 0,49 -0,41 -0,48 0,00 0,87 =
B, 891,92 | 1642,85 | 21751 - - - - - - e
:
B 876,47 | 1639,73 | -5,75 - - - - - - T
B, | 97494 | 1637,75 | 26541 | - - - - - -
©
B; 1024,99 | 1637,46 | -285,72 - - - - - - =
C.  |142282| 163613 | 271,24 | -08 | 052 | 015 | 018 | 000 | 098




COMPARISON OF THE TRAJECTORIES
BASED ON GENERATED EXTRAPOINTS

Spline Linear Akima Cubic
T, C 1,52 1.56 oo
3
e 0.2892 0,2937 0,284
kBT-rox 1
Tpaexropis X, )
OOMexeHH
s TI0 )
IIBUIKOCTI
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COMPARISON OF THE TRAJECTORIES
BASED ON THE GENERATED EXTRA POINTS

Spline Linear Akima Cubic
1 .' - \k \/
3MIHH (- 1 N~ _
MOMEHTIB = _k
4‘\_,_7‘.'——“:\1"\“— — —— - -
I'padik
KOJII311




THE MAIN ALGORITHM OF DSS FOR CALCULATION PARAMETRIES OF

THE GRIPPERS' INTERACTION WITH OBJECTS OF MANIPULATION

1
C ITouaTok ’

®opmyBanHs IM
ckmagosux 'BK

Y

[Mo6ynoBa 3D
cuenu 'BK

3aganus
TOJIOYKEHHS
OM,; B IIpPII;,
[IpPII; B TOPII;

I'eHeparist MHOXXHUH
map TOYOK
[(Cy, (DY,

[(Dt+1), (Cis2)]i

Arnpokcumartis
tpaekropiit (Tr;)
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TOYKaMHU

6 Y
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Psnmp 13 3a1aH010
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.7 [
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e A
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i
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12 Y
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F :{Tmin: Emin}
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Y
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THE STRUCTURE SCHEME OF THE PROPOSED DSS SOFTWARE

(a part of “Robix” software, developed in Delphi)

S . & ;"» ( TMouaTtok )
: ) gt
el —— e ~ ) \’IOI[Y.JIL BBEJIEHHA
2\ MOIY.Ib ®OPYIYBAHH \ AAHMX
N
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IV OM i VST m— E—
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THE CONDITIONS OF THE RESEARCHING PARAMETRIES OF GRIPPERS’
INTERACTION WITH OBJECTS OF MANIPULATION

— KOPeryBaHHH KOJI3iHHUX TPAEKTOPII:

— cIeHa: const

KoJIi31iiHa TpaeKkTOpis

— 00OMEXKeHHS 32 TOYHICT

AP31‘[ , MM
KpHBa 3 APy, > ([AP,,]==+0.15mm)

KpuBa 3 APy, < ([APy;]=+0.15mm)
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13 26 39 \b2 65 1 104 . e o .
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| AE RESEARCHING FARANME T RIES OF ORIFFERS INTERACITION
WITH OBJECTS OF MANIPULATION FOR CORRECTED NONCOLLISION
TRAJECTORIES

Texnonoriuni mapamerpu cepaicy: kytoBi (KIIC - ASP) ta miniitai (JITIC - LSP)

oM
Posramysauus CK OM: < 1
Y — OM, v JITIC
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YOMt_1 A - \
. - 7 VT T XOMt—l
: ok e >
! _///=_—d E
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3y
170,9 >
19 e
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S0, 3=
P
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EXAMPLE OF THE COLLISIONAL TRAJECTORIES CORRECTION BY
SPLINES (for analyzed exam6ple on slide 63)

KOJII311{HA TPA€EKTOPIis €3KOJI31iH1 TpaeKTopii

Cubic spline ‘ Cubic spline

- v Sr=182c
\ “E =0,88mBm - 200

—col

e

Akima’s spline

/

%

c(f,: r=1,76¢C
“E =0,84mBm - 200

col

JITC =10, 1,2, ...,238(236)237, ....,398, 399, 400]

KIIC = [0, 1, 2, ...,33@%&334, ...,358, 359, 360]

Py = 206,16 MM

T

T =158¢c
AE =0,83uBm - 200

—col

/I

Jarme = 0,18 (nokanvruil uac)

/
/

ht
5 'n‘““‘_,w <l
o S iy <
\ ] A y /
|
—

g =1827070 10006-34% &, :—0’83_82'84 100% = 4,8% Linear spline
T 176 ,
- \ L
: =1,46¢
1,58-1,76 0,83-0,84 tr=1,
198176 10006 = 10 206 Eap =120 .100% = ~1,2%
S 1,76 ° 0 e 0,84 o E =0,651Bm - 200
1,46-1,76 0,65-0,84
=250 100%=-17,1% & =~ -100% = —22,6%
=T e L00%=171% B = 6 6
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THE RESEARCHING OF GRIPPERS' INTERACTION WITH OBJECTS OF
MANIPULATION FOR CORRECTED NONCOLLISIONAL TRAJECTORIES

(for analyzed example on slide 63)
JlocmiKyBaHHI TTapaMeTp: MIBUAKO/IIS BIIPAIFOBAaHHS TPa€EKTOPii (T, C)
Crnaitn 3mapkyBaHHs Tpaektopii momroca 3IITIP: Cubic
Pozramrysanns CK OM: : 8%;1

¥ CPUtick 0; Triangles: 90

Ele ¥iew Help Scenc
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/ Max; 3,46
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RESEARCHING OF GRIPPERS' INTERACTION WITH OBJECTS OF
MANIPULATION FOR CORRECTED NONCOLLISIONAL TRAJECTORIES

(for analyzed example on slide 63)
JlocmiKyBaHHI TTapaMeTp: MIBUAKO/IIS BIIPAIFOBAaHHS TPa€EKTOPii (T, C)
Cruaiin 3rnapKyBaHHs Tpaektopii nosmtoca 3I1TTP:
«— OM,

PosramyBanus CK OM: — OM,

File View Help Scene

[re]

/ Max: 3,17

VEFEEES




RESEARCHING OF GRIPPERS' INTERACTION WITH OBJECTS OF
MANIPULATION FOR CORRECTED NONCOLLISIONAL TRAJECTORIES

(for analyzed example on slide 63)
JlocmiKyBaHHI TTapaMeTp: MIBUAKO/IIS BIIPAIFOBAaHHS TPa€EKTOPii (T, C)
Crnaita 3mmapKyBaHHs Tpaekropii moroca 3IIIIP: Linear

«— OM,

PosramyBanus CK OM: — OM,

W CPU tick 15; Triangles: 90 - O X W CPU tick: 0: Triangles: 90

File View Help Scene

w

2
/ Max: 2,69 K
242

215

188

FFHFEFEF
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RESEARCHING OF GRIPPERS' INTERACTION WITH OBJECTS OF
MANIPULATION FOR CORRECTED NONCOLLISIONAL TRAJECTORIES

(for analyzed example on slide 63)
JlocmipkyBanuii mapametp: eneproemuicts (E, Bt ‘Ton)
Crnaitn 3mapkyBaHHs Tpaektopii momroca 3IITIP: Cubic

. «— OM,
PosramyBanus CK OM: — OM,




RESEARCHING OF GRIPPERS' INTERACTION WITH OBJECTS OF
MANIPULATION FOR CORRECTED NONCOLLISIONAL TRAJECTORIES

(for analyzed example on slide 63)
JlocmipkyBanuii mapametp: eneproemuicts (E, Bt ‘Ton)

Cruaiin 3rnapKyBaHHs Tpaektopii nosmtoca 3I1TTP:

. «— OM,
PosramyBanus CK OM: — OM,

W CPUtick: 16; Triangles: 30 - ] ® ¥ CPUtick: 0; Triangles: ;90

Flle ¥iew Help Scene File View Help Scenc

E, W*h
102

Max: 1,12




RESEARCHING OF GRIPPERS' INTERACTION WITH OBJECTS OF
MANIPULATION FOR CORRECTED NONCOLLISIONAL TRAJECTORIES

(for analyzed example on slide 63)
JlocmipkyBanuii mapametp: eneproemuicts (E, Bt ‘Ton)

Crnaita 3mmapKyBaHHs Tpaekropii moroca 3IIIIP: Linear

«— OM.
Posramysanns CK OM: OM. .
<« t
¥ CPUtick 0; Triangles: 90 W CPUtick: 0; Triangles: 90
File View Help Scene File  View
E, W*h
o
e Max: 0,93
ozt
DQ@\ \Q
’ u.is\_\
.
v
"
o1zl
g0

o
7180
107,70 .
’ 143,80 Min: 0,66
179.60
’ 21540
’ 22222
” oarsg 31900
’-’ 32810




GENERALIZED RESULTS OF GRIPPERS' INTERACTION WITH OBJECTS OF
MANIPULATION FOR CORRECTED NONCOLLISIONAL TRAJECTORIES
(for analyzed example on slide 63, stage E1)

YmogH 3a caaiinamu 62,63 (i =1,12: spl=(C,A L))
OM.1/ OM;: N/~ (Ne7) OM¢../ OM;: \/ < (N\e8)
Crnaiin HO;HJS;KRZ::; . F OPT _ MIN? F oPT EMle
. c E, KIIC, | JIIIC, rc E, KIIC, | JIIC,
’ MBm-200 ° MM ’ MBm-200 ° MM
Trnin 1,7796 0,9118 318 290 | 1,7459 0,8579 | 320 | 236,85
Cubic Tmax 1,9934 0,9051 211975221776 0,9939 5| 76,22
Emin 1,8563 0,8644 333 | 307,48 | 1,7564 0,8569 | 322 | 236,85
Emax | 1,7927 0,9612 320 | 236,85 2,0012 1,0262| 330| 89,33
Tmin 1,5678 0,8089 327 | 329,33 ] 1,5638 0,8191| 320 | 236,85
Akima Tmax 1,7337 0,839 2| 197,521 2,0753 0,8805 5| 76,22
Emin 1,6186 0,7902 339 | 329,33 1,5737 0,8097 | 327 | 236,85
Emax [ 1,6099 0,9075 339 | 201,89 1,9185 0,9334| 343 | 80,59
Tmin 1,3024 0,6694 323 | 316,22 | 1,4174 0,7383| 326 | 76,22
Linear e 1,9972 0,7135 0| 329,33] 2,1515 0,7826 5| 76,22
S 1,5129 0,6534 316 | 329,33 ] 1,4895 0,6488 | 333 | 236,85
Emax | 1,9972 0,7135 0| 329,331 2,1515 0,7826 5| 76,22

i =112;5pl =(C, A L))

* _ (L Spl
I:opt - ( z-min7 ) € ( Tmini

Fol;t = ( I_Eming ) < ( Spl Emini

i =1,12;spl =(C’A"—)) 75



CALCULATIONS OF TRAJECTORIES IN DEVELOPED "Robix*“ SOFTWARE

N 3/m CK PII,_; BizrocHo CKIIP IloOynoBaua TpaexTopis
Koopmunaru, mo Bu3Havarots JITIC OpienTanis, 1o Bu3Hadae KIIC TexHONOTiYHI XapaKTEPUCTHKH TPACKTOPIi
P TP P TToTyXHICTB, Eneoroemuicts,
X Yo, zee £(CK PIl,_; ACKIIP) Yac, ¢ B;HW W
-2400 0 1000 0 2,0216 1419,7 0,5729
1 h N
-2600 1,8938 0,8602
2 5
S

76



CALCULATIONS OF TRAJECTORIES IN DEVELOPED "Robix*“ SOFTWARE

N 3/ CK PII,_; Bigaocro CKIIP INo6ynoBana TpaexkTopis
Koopaunatwu, mo BuzHayarots JIIIC OpienTaris, 1o BusHavae KIIC TexHOIOTIUHI XapaKTEPUCTHUKH TPACKTOPil
P 1P 1P TToTyxHicTB, EneoroeMHicTh,
XPHt—l YPHt—l ZPHt—l L(CK PH[_1 A CK HP) qaC, C mw mW*h
-2800 0 1000 0 2,0634 1635,21 0,9372
3 ¢
-1400 0 2500 -90 6,0341 2,3336
% ==
—
4

77



CALCULATIONS OF TRAJECTORIES IN DEVELOPED "Robix*“ SOFTWARE

N s/m CK PII,_, BinsocHo CKIIP IoGynoBana TpaexTOpist
Koopaunaru, mo BusHavae JIIIC Opienranis, 1o BusHayae KIIC TexHONOTIYHI XapaKTEPUCTUKU TPAeKTOPil
p TP p [oTyXHICTb, EHeoroeMHicTsb,
Xpnt_l ant—l Zp]'[t_l L(CK Pl'[t,l A CK HP) qac, C mw mW*h
-1400 0 2600 -90 3,5754 1829,6 1,8171
5
-1400
S %Y
T _7’ 2,
6 -
N
/’/‘iw
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CALCULATIONS OF TRAJECTORIES IN DEVELOPED "Robix*“ SOFTWARE

N 3/m CK PII,_, Bizsocuo CKIIP IMoGynosana TpaekTopis
Koopaunaru, mo Buznauarots JITIC Opienranis, 1o BusHauvae KIIC TexHOOTIYHI XapaKTepHUCTHKU TPACKTOPIi
P P 1P IMoTtyxHicTb, EHEOroeMHiICTb,

val'[t_1 ant—l ant—l L(CK Pl'[t,l A CK HP) LIaC, C mw mW#*h

-3000 0 1000 -15 2,8973 1663,74 1,3306
7

2,0088
8

79



CALCULATION RESULTS

Yac [ToTy>XHICTB, EneproemHicTs,
Ne s/ T, C P, mW E, mW*h
1 0,7972 1419,7 0,5729
5 18938 1635,21 0,8602
3 5 0634 1635,21 0,9372
4 1392,27
5 3,5754 18296
5 33418 1993,03 1,8501
7 5 8973 1663,74 1,3306
8 3,0886 2,0088
2339.08 100 2.3336 100
= E3 =
£ = 0.7972 100 = 761% $p = 139227 P 0.5729
6.0341 = 168% 407%




GRAPHIC ILLUSTRATION OF OPTIMAL MUTUAL LOCALIZATION OF
WORK POSITION AND INDUSTRIAL ROBOT IN TIME AND ENERGY

'i b ‘l\ HY
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GRAPHIC ILLUSTRATION OF NON OPTIMAL MUTUAL LOCALIZATION
OF WORK POSITION AND INDUSTRIAL ROBOT IN TIME AND ENERGY
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THE ILLUSTRATION OF PROPOSED 3-STAGED METHOD

FOR NONCOLLISIONAL TRAJECTORY GENERATION
The calculated values of F; by stages E1, E2, E3, block A3 (slide 10)
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TRAJECTORY SMOOTHING SCHEME (STAGE 2)

Basic S el o

trajectory ¢ trajectory "break” point
Corrected
trajectory

p ~——____ Generated correcting
. T L reference points
Basic reference
A=C, Py =C,



GENERALIZED RESULTS OF GRIPPERS' INTERACTION WITH OBJECTS
OF MANIPULATION FOR CORRECTED NONCOLLISIONAL
TRAJECTORIES

Comparison table of received results of linear-spline based trajectory (slides 71, 72)

HMocaimxyBanuii mapamerp npu N = 100

* *

ETanu F OPT: TMlN F OPT: EMlN
e | G % E, e % | ne | o % E, e, %
’ & MBT-TOx = ' v MBT-T0] o
El 1,302 = 0,669 - 1,489 — 0,649 -

E2 1,159 | 12,338 0,660 1,364 1,100 | 35,363 0,615 5,928

E3 1,066 | 22,138 0,604 10,761 | 1,070 | 35,701 0,572 13,462

A
A=t -1 Ar=E -E S == 100% g, =-—=-100%
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