/ XNTOMUPCbKA
MONITEXHIKA

ADYANCED TECHNOLOGIES IN AUTOMATED PRODUCTION

Automated synthesis of optimal robotic trajectories
In mechanical-assembling FMC
of engineering and instrument making

Eng. Sc. D. Valerii KYRYLOVYCH

Professor of the Department of Robotics, Electroeneogetics and Automation
named after prof. B.B. Samotokin
Zhytomyr Politechnic State University, Ukraine




THE STRUCTURE AND CONTENT OF GRIPPERS' INTERACTION
WITH OBJECTS OF MANIPULATION
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CURRENT STATE OF WORLD

ROBOTICS PRODUTION (IFR)

ho

Annual installations of industrial robots 2017-2022 and 2023*-2026*

+1%

+5%
423

2017 2018 2019 2020 2021 2022 2023* 2024* 2025* 2026*

*forecast
Source: International Federation of Robotics




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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|
|
|
[
|
[
|
[
|
[
|

MOAYJIb YMOB MOJEJIOBAHHSA

- BUWJ CIUIAIHY allpOKCUMAaIii TPaEKTOPii

Kopucrysau

- mapameTpu kpokiB auckperusanii JITIC, KIIC
- KUIBKICTh TOYOK TPAEKTOPIH

MOJYJIb IPUMHATTS PIIIEHHS

- opieHTaris Ta monoxkeHHst OM B 3I1TTP

i

(R, [ie =2ne:F ={E,1}) > (3R, |ie. =203 ={E,7.—})min > {Fe

1
mmmmmmm

MOAYJIb KEPYBAHHS B3A€EMOAIETIO o~
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THE EXISTING INFORMATION MODELS

OF INDUSTRIAL ROBOTS" MANIPULATION SYSTEMS

=
Ipukaan ITP: : Ouninka ®M
<
=
5
=
KinemaTuyHa cTpyKkTYypa Onuc KomenTapi g IepeBaru Henoaixu
2
&
Pyxu nanok: — Busnauae B pyxy Ta — He napmae moBHOi indopmarii
— II - mpsmMomiHiiiHi; B3a€EMOPO3TAIlyBaHHS JAHOK | NMpO (YHKIIOHAIBHI MOJJIMBOCTI
— P — obeprainbHi. s y OIIII I1P;
Po3ranryBaHHS JTaHOK: =] — He BigoOpakae OIHO3HAYHO
3
— || — mapanensHe; a o3ramryBaHs jaHok MC [IP
NOLiI|PLID I p 5 g b y K
= BITHOCHO o0Opanoi CHUCTEMU
-1 — nepnennuxynspre o
) KOOp/IMHAT;
E._ — He  BH3HAYa€  BEIMYHUHH
E nepemirieHs aHok B CK I1P;
— He BHU3HAYa€ TI'COMETPHYHI
napametpu anok MC ITP
Pyxu nanok: — Bwusnauae Bun pyxy Ta | — He Hamae moBmOi iHdopmamii
— I1 — npsiMoniHiiiHI; B3a€EMOPO3TAIIYBaHHS JIAHOK | MPO (GYHKIIOHAIBHI MOKIHBOCTL
— P — obGepranbHi. y O®IIIT Ta BinHOCHO 0OpaHoi | ITP;
P Po3ranryBaHHS JaHOK: CHCTEMHU KOOPANHAT — HE  BHM3HA4Ya€  BCIMYUHU
y — || — TapaJiesIbHE; nepemimiens aHok B CK I1P;
£ — HE BHU3HaYa€ TEOMETPHUUHI
n —1 — nepmennukymspHe; i
X - . .. = napametpu 1aHok MC I1P;
N — X, Y, Z — Bici npuiinaroi cucremn | g : oy ;
Y - g — iH(opMaliiiHa 30UTKOBICTb, 1[0
KOOp/IMHAT, BiZIHOCHO AKHX | £ .
om Lo (P, LI, . e 5 BM3HAYAETHCS HasIBHICTIO
p BinOyBacThCs nminiiiee | S -
X . S CHMBOJIIB  MApaleibHOTO  Ta
MEPEMIIEHHs1/00EPTaHHS JIAHOK MpH | X eDIIEHHKYIPHONO
DI 2 P b
P ‘B B3a€EMOpPO3TAlllyBaHHs JIAHOK Ta
v = X oceil, BIJHOCHO SKHX BOHH
7 P po3TaloBaHi;
— HEMOJXJIMBICTH BHKOPHCTAHHS
MPU aHaMi31 KYTOBHX MEPEMIllCHb,
BigMiHHKX Bix 90°
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THE EXISTING INFORMATION MODELS
OF INDUSTRIAL ROBOTS" MANIPULATION SYSTEMS

HY HX PX HV

Pyxu nanok:

— II — mpsimoniHiitHi,

— P — oGepraibHi.
Po3ranryBaHHs 1aHOK:

— X, Y, Z — Bici npuidHATOI CHCTEMH
KOOp/IMHAT, BIZIHOCHO SIKUX
BiTOyBa€eThCS JIiHITHE
TepeMIillleHHs/00epTaHHs JIAaHOK TIPU
OIII1

JITEpHO-CUMBOJIBHA

— Busnawae Bux pyxy Ta
B3a€MOPO3TAIIYBAaHHS JIAHOK
y ®IIII Ta BimHOCHO 0OpaHOI
CHCTEMH KOOPJMHAT

— He nHanae noBHoi iHdpopmauii mpo
¢dynxionansHi MoximBocTi [1P;

— He  BH3HAYa€  BEJMYMHU
niepeMimiess JlaHok B CK I1P;

— HE BH3HAYa€ T'COMETPUYHI
mapameTpu nanok MC I1P;

— HEe BHU3HAYa€  OJHO3HAYHO
po3tauryBanHs JiaHok MC TIP
BigHOCHO mpuitHaToi CK

YoX>a->oY

INepemimenHs aHOK BiXHOCHO oceit
npuitaaToi CK XIP - ylIP P npu
DIIIT:

X, Y, Z — TiHiIAHI  B3I0BXK
O/IHOIMEHHMX OCEI;
o,B,y — obeproBi HaBkono oceit

Xy P 7P B nosinHo

JITEpHO-CUMBOJIbHA

— BusHauae BuA Ta HampsAM
pyxy Ta
B3a€EMOPO3TANIYBAHHSA JIAHOK
y ®IIII ta BigHOCHO 0OpaHOI
CKIIP

— He nHanae noBHoi iHdopmaii mpo
¢yukuionansHi Moximsocri [1P;

— HE  BH3HAYa€  BEIMYMHU
nepeMimmens JaHok B CK I1P;

— HEe BH3HAYAa€ TEOMETPHUYHI
napamerpu janok MC IIP;

— HE BHU3HAYa€  OJHO3HAYHO
posramyBanHs JaHok MC IIP
BigHOCHO npuitHATOi CK

15



THE EXISTING INFORMATION MODELS
OF INDUSTRIAL ROBOTS" MANIPULATION SYSTEMS

Cxianosi PO:
— |, — nocriinuit posmip i-of namku;
- OiI — Bich npuiiHaToi CK, B3mOBX

SKOI ~ PO3TAIlOBYETBCSA  i-Ta
JIaHKa;

— Busnavae BHA pyXy JaHOK

y @IIII BigHocHo oceit
npuiteatoi  mpasoi  CK,
BEJTHYHHI HepeMilleHb

JIAHOK Ta PO3PI3HIE iX;
— YiTKO 3a/]a€ PO3TallyBaHHI

— He nanae moBHoi iHdopmarii
npo  (GYHKLIIOHAIBHI MOMIIHBOCTI
11P;
— He BH3HAUYa€ TEOMETPHYHI
napamerpu anok MC I1P;

— mpobiieMn, 1[I0  3yMOBJEHI

<
~Q
5]
=
Q
S} P
- T, - oOmeparop, mo BH3HAYac z nanok y @IIIT BUKOPHCTaHHAM KyTiB Eitnepa mpu
= Bi0OpakeHHI NepeMillleHb
HampsMOK ~ Ta  TMN  PyXy | £
<|i|c 0, T, (Iiuv)> HaCTYmHOT NaHkW  BiAHOCHO | -E
MOTIEPETHBOT s
. )
T, e{X,Y,Z,AB,C}; 2
=)
—1,,— BHU3HAauae MaKCHMAIBHY | 2=
v S
. o
BEJIMYMHY HEPEeMIIeHHsS I
i| -of nanku
Cxuanosi @O: — Busnavae Bun pyxy nanok | — IIpoGmemu, mo 3yMoBIeHI
- |IIc — mocTiftHmiA po3Mip i-0i JanK; y Il BigHOCHO ocel | BUKOpHCTaHHAM KyTiB Eiinepa mpu
. . . npuiiaaToi  mpaBoi  CK, | BimoOpaxkeHHI nepeMilieHb
_ OiI — Bick npuitaaroi CK, B3goBxk BeIHUMHI HepeMilieHp
SKOi  PO3TALIOBYEThCS I-Ta | | JIAHOK Ta pO3pi3HieE iX;
JIaHKa; é — 9iTKO 3a/1a€ PO3TAIIyBaHHS
P — T, — omeparop, IO BH3HAYAE g | manok y PIIIL;
Y 7 | — 3amae TUIHM reOMETPHYHHX
HANPAMOK ~ Td  THI  PyXy | 2 irusis s -of
l,. O, type [p,.p,] HACTYMHOi JNaHKH BimHOocHO | g | MPMMITHBIB ) -Ol JIAHKH T4
i t (S TnonepeHbOoi E X po3Mipu
g It 7, e{X,Y,z,AB,C}; E
W
1=
- 11 Y—r - type - tun reomerpuuHOro §
IpUMITHBY, 1O OmHCcye Ty | 2
o
JIaHKY;

P

[p,.P,] — napamerpn, wo onucyiors
po3mip
MIPUMITHBY;

-1 — BH3HAYAE MAKCHMAJIbHY

iv

TEOMETPUIHOT'O

BEJMUUHY TEpeMillleHHs JUIs
i} -oi mankn
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THE EXISTING INFORMATION MODELS
OF INDUSTRIAL ROBOTS" MANIPULATION SYSTEMS

D,d; D, (8),d,(l,0),
o [P::D.0).0,.0)
k=14

1 0 0
D,(0)=| 0 cos® sind@ |,
0 sin® cos@
cos0 0 sin®
D,(0)= 0O 1 0 |
—sin® 0 cosO
cos® sin@ 0
D,(0)=| —sin® cos6 O |,
0 01

100

D,0)=({010|

001

d (,8)=le,, k=13,
e, =(1,0,0)",

d,(1,8) = (1 - ),

Cxitagosi @O:
— 0 — ysaranpHeHa KOOpAMHATA;

— | - nomxuna nankuy;

—T _ oneparist TpaHCIOHyBaHHS;

— Q — 6a3uc I1P;

— D — matpuusg 3a1aHHs MOT0XKEHHS;

- d - wmarpuns mepexody 0
y3arajlbHeHUX KOOP/UHAT;

— K — kinbkicTs oceit npuitnsToi CK;
- D,6).D,(0).D,(6) -

MaTpHLi TOJOXEHHS  BiJHOCHO

BiamoBigaux oceit CK;

- D,(0) - omunnana Matpuus

CHMBOJIbHA ﬂiTCpHO-‘{I/lCHOBa

— Busnavae BUI pyxy JaHOK

y @®IIIl BimHOCHO  OcCeit
npuitHAToi npasoi CK;
- BEJTHYHHI KYTOBHX

HepeMillleHb JIAHOK ;
— 4iTKO 3aJa€ PO3TAlIyBaHHS]

nanok y @IIII;
—  BWpimye mpsaMy Ta
3BOPOTHIO 3a1a4i
KiHEMAaTHKH;

— BHU3HAYa€ OpIEHTALIO Ta
migxig Cx ITP

—  Yitko BH3HAYCHE OITIT
(posramyBanns jtaHok MC IIP y
BUIIIAI TIPSIMOT JIiHIT) HE Jae 3MoTy
onucyBatH OibmIicTh Mogeneit [1P;
— HE BHU3HAYa€ TEOMETPHYHI
napamerpu janok MC I1P;

— mpobmeMu, IO  3yMOBIEHI
BHUKOPHCTAHHSM MaTpHIib i3
po3MiHHOCTSIMH 3%3;

— HemoxxnuBicTs omucy MC IIP i3
THIHHAME TIEPEMIIICHHIMU;

— He BigoOpaxkae MOXJIUBICTh
OJJHOYACHOTO IMEPEMILICHHS JTaHOK
MC IIP;

— He BKalye Ha PYyXOMICThb Ta
HEPYXOMICTb JTaHOK
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THE EXISTING INFORMATION MODELS
OF INDUSTRIAL ROBOTS" MANIPULATION SYSTEMS

Ckianoi ©O: — BusHawae BHJ pyxy JlaHOK | — mpoOiemMu, 1[I0  3YMOBJCHI
- Y, X|Z - niuiiini nepemimenns y @Il BigHOCHO oCe# | BUKOPHCTaHHAM TpajuLiiiHOro
npuitaaToi npasoi CK; MaTeMaTH4HOIO anapary,
B3IOBX  BiANOBiIHMX  ocelt — BEJIMYMHH KyTOBHX i | — HE3Ba)KAIOUH HA BEJUKY KibKiCTh
npiissTof CK; niﬂifmnx nepeMilieHb JIaHOK; iH(bopMiu_[iﬁan MaTeMaTHIHHX
— YiTKO 3aJa€ PO3TAllyBaHHSA | Momeneil, B TOMy 4ucm i
- BX/BY,BZ - 006eproBi nanok y OIIIT; nepewkoa, posrsigae 1P we sk 3-
ﬂ_| Y ) — Bupimye mpsMmy Ta | D Mozens, a sk CHCTeMY HHTKOBHX
i NCpEeMIIICHHS HaBKOJIO 3BOPOTHIO 3aja4di | 3B’A3KiB, M0 HE JI03BOJISIE TOYHO
DOM =(Y;l,.; X 1,.;BX1,.; BiIIOBimEHX oceit CK; KiHEMAaTHKH, JMHAMIKH; BHPIIlyBaTH pan 3ama4
Y :Q. :Q():Q.. :Fie: . ) s | - BeIKa KUIBKICTh (byHKLIlOHa'JlI:HOI peantizoBaHocti, B
P 70T T wur ? TS m DT — 1, —1,, — nocriiini posmipu naHoK; 2 | indopmamniitaux TOMY YHMCII 3a/1a4l AUHAMIKK
q";Aq) . . S | MaTeMaTMYHMX MOZeNeH, WO
Maremarnasi Mozei lﬁ 103BOISIE BUpiLLyBaTH
- Q.. - npusosa; % };)ISHOTI'/II'IHI i 3aj1aui
2 YHKIIOHATBHOI
~Q(t) -~ puxonasuoi Mmexamiumoi | 5 | PEAN30BAHOCTE
2|~
CHCTEMH; 3
2]
-F —  30BHIIHBOI  CHMJIOBOT §
B3a€EMOIT;
— & — mepemkon;

— Q" — nporpamu pyxy I1P;

— AQ - cucremu kepyBaHHs




THE EXISTING INFORMATION MODELS
OF INDUSTRIAL ROBOTS" MANIPULATION SYSTEMS

Lo

A=bO0=Aw-n=i4

lor
i

/3 - G=280"=Cnsmt=b A=900"Ans-9=1=6

7

=6 32=Car ==,

e
7

ic

&

O] ©

lir

]
~y

@M MC TIP (modemw) = (+O1t,[H,]1Q,, C,_, + O2t,[H,]Q,, C, 5.

N

ZﬁP

&7

I e V>
=4
el Oly

@2

Bi=360"Buz.1=k=. o @ 4=

X/TF

20 H1Q, 60, O [H,1Q0 0,1y Coy 1)) BF =

= <J_rOi| tu,[H|,] Qllr(ll—i) CI‘—(I|+1)

i,:l,T,>

CkuiaioBi ®M:

+0i, - nosmauenns oci B
HONEpesIHbO MPUHHATIH TpaBii
cucreMmi koopauHar 1P, B3moBik

AKOI PO3TAalIOBYETHCSA 1|-Ta JIAHKA
MC ITP B ®IIIT;

Hil - TEOMETPHUYHBI IapaMEeTpu

JIJAaHKU
Ci|'(i|+1) = {/\’ Vi V} B

oreparop, 1o BKasye Ha
MOJKJIMBICTh OJTHOYACHOI'O
nepeMieHs \HeTepeMilIeHHs
JIAHOK;

CHUMBOJIBHA JTITEPHO-YUCIIOBA

—  Jlo3Bonsie = BU3HAYUTH
[OJIOXKEHHSI ~ Ta  B3aEMHE
po3TanryBaHHs  JIAHOK,  iX
reOMEeTpUYHI 1 KiHeMaTH4Hi
napamerpu, BUPILIYBaTH
3a7a4i JOCSYKHOCTI MHOXKHHU
TOYOK IIOJIOKEHHS KiHIEBOT
nmankn MC TIP 3/6e3 OM vy
poGouomy npocTopi
TEXHOJIOTIYHOTO O0JIaTHAHHS
3 BpaxyBaHHIM
KOHCTPYKTHBHHUX
0co0auBOCTEH 00IaHAaHHS Ta
MPUCTOCYBaHb, a  TaKOX
KOHCTPYKTHBHO-
TEXHOJIOTTUHHX
xapakrepuctuk MC IIP Ta
OM;

— TpeICTaBIeHHS JiHIHUX
Ta 00epTaJbHUX TEepeMilieHb
y eauHOMY (opmaTi

— llpupatanit s
MPOMHCIIOBUX POOOTIB;
—  OpUJaTHUR UL CHCTEM Jie
MOYIIUBE BCTAHOBJICHHS JIAHKHA Y
OIII, TobTO mapanenabHO OAHIM 13
ocei a0COIOTHOT CHCTEMH
KOOpJIUHAT poboTa

OJTHOPYKHUX
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DESCRIPTION OF BOUNDARY LINKS MOVEMENTS

3
jant
2 Tp HCHE/TH HpeﬂCTa.Bun CHAA lpencrasneria g [puknanu cryneHiB [pencrasnenus [pencrasnenus
z CTyICHIB TpamUIiHHIM MaTeMaTHIHUM arapaToM g comocti MC TIP N MATEMATHAHIM
g pyxomocti MC MaTeMaTHYHIM Teopil KBaTepHIOHIB = py y TPatil
E D) OIIII MaTeMaTAYHUM arnaparoM Teopii
2 1P »y I anapatom ) ’ anaparom KBaTEPHIOHIB
5} = }
= ! = -
E p —X S| ’
= 4 = -
' A //—7 /
-1 / )E _‘r_ | x Qi,—(i‘—l) =
= |- CEol = (X ;X;0;0)
§ A,,. | = Qi = =
§ 25 o =A=+A|+|-A| | =+R(0,9848;0,1736;0;0)
-1 ——
° \ 50=+20°|+|-30°| | —R(0,9659;-0,2588 ;0;0)
O}'—" E [ Qigon =
[ | =Y
J ?E > : =L(WY?*;0;Y;0)
pels ~4 B /
- - /=1
:E //,_// li,—(i‘—l) = Qil—(i,—l) = d
§ A =B=+B|+|-B]| =+R(0,9848 ;0;0,1736;0) / Q
é* A 50=+20°|+|-30°| | —R(0,9659 ;0; —0,2588 ;0) >§ | _7 i=(i-1)
° = W =L(WZ?;0;0;2)
/ =N 4 1.1
£ = Lt
j-1-9 =
11 !y //\\
:E “u‘ ‘f‘/ // ;5
é O)/\_ lii~Gi,-1) = Qiiy =
%) \\\,"”m =C=+C|+|-C| =+R(0,9238;0;0;0,3826)
80 =] +45°|+|-35°| | —R(0,9537;0;0;-0,3007 )
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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 CKJIagOBOI — CKJAJaHHS 11 TaK 3BaHOI CXEMU
samimieHHs (C3, ToOTO cKiIagaHHsS HUTKOBOI MOJIEN CKJIaJ0BOi) — 3aMiHa pyXoMHuX 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:

A
YE

VX

Se — inenTudikarop npumituby Se (sphere) — “cdepa”;
Xse — po3tamryBanHs cepu B3a0Bxk oci X B CK enementa E, mm;
Y s, — po3tamryBanHs cepu B3noBx oci Y B CK enementa E, mm;

Zs, — po3ramyBaHHs cepu B310BXk ocl Z B CK enemenra E, mu;

Rs. — paniyc chepu, MM.
S



1. DESCRIPTION AND USING OF THE GEOMETRICAL PRIMITIVES

A Onuc I'll muny “yuninop”:

Tvr: Cr: XCr’ YCr’ ZCr1 RCr’ I—Cr
YT:

Cr — inentudikarop npumitusy Cr (cylinder) — “mwrtiamgp”;

X — po3tamryBanHs nuiainapa B3aosxk oci X B CK enementa E, mwm;
Y ¢; — po3tamryBaHHs nuiiHapa B3aoBx oci Y B CK enementa E, mwm;
Z ., — po3rauryBaHHs 1yuniHapa B310Bxk oci Z B CK enemenra E, MM;
R, — paaiyc LMiiiHapa, MM;

L, — AOBXKUHA WIIHIPA, MM.

Onuc I'TI muny “xonyc”:
A Ce XCe1 YCe’ ZCe’ RCe1 rCE’ LCG

YE
Tyr:
Le Ce — inentudikarop npumituBy Ce (cone) — “xonyc”;
Fce Xce — po3TairyBaHHs kKoHyca 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 Hpa: Dpg
WPd yT- . . . - .
Pd — ineatudikarop npumitusy Pd (parallelepiped) — “napanenenines’;

: Xpy — po3TanryBanHs napaienemninena B3aosxk oci X B CK enementa E, mwm;
L / Hig Xe Y py — pO3TalIyBaHHs napaiesnemninena B3aosxk oci Y B CK enemenra E, MM;
’\ y / Drg > Zp4q — pO3TallyBaHHs napaieneninena B3noex oci Z B CK enementa E, mv;
W — mMpurHa napanesneninena, Mm;

\xp o Your Zog Hpy — BUCOTa nmapaneneninena, MM;

Dpy — mmluHa napanesemninena, MM.

Onuc I'Tl muny “mpaneyisn”:
Tyr: TZ XTz’ YTz’ ZTz’ DTz’ WTZ’ Hsz’ H2Tz’ Atz sz

Tz — inentudikarop npumitupy 12z (Trapeze) — “rpaneriis’;

X+, — po3ranryBanHs Tpanenii B3a0Bxk oci X B CK enementa E, mwm;
Y ;, — po3tanryBanHs Tpaneuii B3aoBx oci Y B CK enemenra E, mwm;
Z+, — po3rairyBaHHs Tpanenii B310Bx oci Z B CK enemenTta E, mvm;
D, — mmOunHa Tparnenii, MM;

W, — mmpurHa Tpaneuii, MM;

H1,, — iBa BUCOTa Tpameuii, MM;

H2,, — npaBa Bucora Tpamneuii, MM;

ar, —BlJICTaHb MK 0a30B010 Biccto B Ta nenTpom rpasi i3 Bucotoro H1, mwm;
b, — BincTanp Mixk 6a30BotO 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 paxyHOK 4-0X 000amKoBUX Napamempis:

Q=[S0 Xo Yo Zo1.

Q = (S" \;) = (Sa \IXB \(7:\"'.'- "FZ) =

a .o . a . a
=(cos—,v_-SIn—,V_-Sin— .V, -sih—)
2 2 2 2

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

Ye Ye
5 \iE z 8 5
CR: 0, 0, 0, 50, 200 CR: 0, 0,0, 50, 200, 0.7,0,0.7,0

0e3 KBaTepHIOHA Opi€HTAITl| 13 KBAaTEPHIOHOM Opi€HTAITli ;/\/L
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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
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THE PROPOSED GRIPPERS' INFORMATION MODELS
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EXAMPLES OF THE GRIPPERS’ INFORMATION MODELS

Hpuxaao 1. ®O saxyymroro 3P Mozeri IIpuknao 2. ®M xytoBoro nHesmaruynoro 3I1I1P

“VGS™3010 BFSOP” BupoOHuka dipmu Piab (I1Iseris) $9Heﬂié‘;1(3§k3(2£'3 2-ma 31;
ipmMu iMeuYrHa

Konucmpykuia 3ITTTP 3D-exesieanenm 3IIIIP
3D-exsieanenm 3IIIIP

Koncmpyxkuia 31111P ®O 3P (LGR 32) |
CFP[(0, 0, 0)(0.707,0,0,0.707)]
®O 3IIIIP (VGS™3010 BF8OP) = { M(2)
CFPJ[(20, 30, 0)(0,0,0,1)] C{ GP:[PD:0, 0, 0, 130.5, 60, 37;] }
M(0.3) V{
c{ LIMI(0, 119, 24, 0)(0, 119, 24, 0)(1, 0, 0, 0)(0.707, 0, 0, 0.707)]
GP[ GP:[PD:-15, 0, 0, 30, 12.5, 16; PD:15, 0, 0, 30, 12.5, 16;
PD: 5, 0, 0, 40, 20, 20; PD:20, 12.5, 0, 58, 14, 16; PD:42.5, 0, 0, 40, 12.5, 16, 0.985,0,0,0.174;
CR: -5, 0,0, 7, 80; PD:76, 13.2, 0, 40, 12.5, 16, 0.985,0,0,-0.174; PD:110, -0.5, 0, 6, 11.5, 16;]
CR: 25, 15, 0, 10, 20, 0.71, 0,0, 0.71; }
CR: 25,-45, 0, 13, 60, 0.71, 0, 0, 0.71; V{
CR: 25, -35, 0, 25, 10, 0.71, 0, 0, 0.71; LIMI(0, 119, -24, 0)(0, 119, -24, 0)(1, 0, 0, 0)(0.707, 0, 0, -0.707)]
CR: 25, -48, 0, 35, 10, 0.71, 0, 0, 0.71: 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
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THE VECTOR-PROJECTION (V-P) COMPONENT OF GRIPPERS®
INTERACTION WITH OBJECTS OF MANIPULATION
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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 KpUCTaIi3allli po3CUIly ajlbTE€pPHATHUB,
MOJISITA€ Yy BUBYEHHI 1 BUKOPHUCTAHHI METAE€BPUCTHUK, 3aKJIAJCHUX B MPUPOAHUX MEXaHI3Max
NPUUHATTS pillieHb. Y poOOTI MOPsi 3 METaeBPUCTUKAMHU, Ha SKUX MOOYI0BaH1 POMOBI allTOPUTMH,
BUKOPUCTOBYETHCSI METACBPUCTHKA, sKa BPAXOBYE TEHJCHIIIO JO BUKOPHCTAHHS AaJIbTEPHATHB
(BapiaHTIB KOMIIOHEHTIB) 3 HaWKpalluX 3HAMICHHMX pillleHb. B mpoIeci ¢BOMIOIIHOT KOJIEKTHBHOT
ajanTaili METOJaMHu JUCKPHUMIHAHTHOTO aHalizy (QOpPMYIOTbCS OLIHKM MPUCTOCOBAHOCTI
anbTepHaTuB. [IpUCTOCOBAHICTh AJIBTEPHATUB PO3MIANAETHCS SIK MMOBIPHICTH 1i BUKOPHUCTAHHS B
(hopMOBaHOMY PIILICHHI.

CyKynHicms OaHux npo aibmepHamuéu ma iX OYIHOK CKIA0AE PO3CUN AlbmepHamus.
JIMCKpUMIHAHTHUIN aHaIi3 albTEpPHATUB B MPOIIECI €BOMIOIIMHOT KOJICKTUBHOI afanTallii Ha3BaHUM
3a aHAJIOTI€I0 3 IpollecaMy BHOKpEMJICHHS 00 €KTiB ((OpMyBaHHS KPHCTAIIB) KPUCMALI3AYIEIOD.
[HIIMMU clioBaMM, B TMPOIECT €BONIOLIMHOT KOJICKTUBHOI ajanTallli MpOBOIUTHCS BUYJICHEHHS 3
MHOXKMHU BapilaHTIB HAMOUIBII MPUCTOCOBAHUX aJbTEPHATUB. 3BIJICM Ha3Ba METOAY ONTHUMI3aIlil -
MeTop Kpucramizamii poscumiB anmeTepHatuB (KPA) (ammn. Crystallization of Alternatives Riel
(CAFR)).




THE GRAPHIC INTERPRETATION OF THE CAF METHOD
IN COMPLEX OF THE CONTENT OF THE SOLUTED TASKS

& F
\ ek (JINC) ul L / !

*’ff ) (& (KNG (P70 Trie-c..) ':'tl+:' II"'. ul
(JINC;_1) — ] \ B0 (D7)
(KIC,_y) | %.

Po3cKn anbTEPHATHE 38 METOA0M KpUCTani3aii (G 1)
(KIICp, 1)

Trie_,_¢): 1 (C2y) —(D&y) — (DY —(Cp) )
Trig, ¢, )i (C) — (D& — (DL — (Chy) )



|

Unloading WP, ,

|

Loading WP,

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

3Mne

Tr, — tpaextopisa nepemiuieHHs 3IIIIP no/Big OM;

TrSp, — Tpaekropuuii npoctip nepemimenns 3I1TIP 3/6e3 OM;;
®, € — KyTOBI IIBUJKICTh Ta npuckopeHHs jsanok MCIIP;

G om— CHIIa TSOKIHHS, 10 Aie Ha OM;;

F — cua 3atucky OM, B 3IIIP ;
Fr » — OCbOBa cuna tepts; F, — BiaueHTposa cuna; F, , — cuna iHepuii 36



THE PROPOSED METHOD OF INVERSE KINEMATICS TASKS RESOLVING
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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
@ | ®H06y110Ba 3a OMOPHUMH TOUKAMU

Ce,. Dy, Dy, C, 6a3080i z::@

(xoperoanoi) cubic-spline- o]

-~ L TpaeKTOpii EE [
®3H3HaquH5{ MOUHU "
npoHuKHeHHs enemeHTiB TPK B o
IIEPEIIOHY. -

OpPMYBaHHSI CUMILIEKCY NePEeTUHY
wonizis  enementi TPK 3 nepenonoro.
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nepeTHHY Ta IepeBipKa 00
HaJIC)KHOCTI JI0 TUIOIIUH TPaHeit
MIEPETIOHH.

POCKIIisl KOXKHOT BEPIITMHU
CHMILIEKCY MepeTHHY Ha
BIIMIOBIIHY TUIOIIMHY.

0 0z

I/I3HaquH;I JOBKHUH BIJIP13KIB M1%K
BEPIIMHAMY CHMILIEKCY NIEPETHHY _
Ta 'I'X HpOCKHiﬂMI/I. KOJI131MHA TPAECKTOPIA

W3HAYEeHHS HANOIbIIOro

3HAYEHHS JIOBKHHH 3MillleHHS.
CpeMiH_IeHH}I nosrtoca 3I1TIP na

OTpYMaHI BETMINHU 3MIMIEHHS Ta
(bopMyBaHHS HOBOI TPAEKTOPIi 13
MPOMDKHUMH Toukamu B.

OBTOpEHHS 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/
to center

KR 30-3, R=2033
KR 80-3, R=2033

KR 80 L45-3, R=2230
KR 60 L30-3, R=2429

IR |
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— J,=C;=170° (04)




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, 125, 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
. 0.9 280:11322.0 1.9
Jg
415 0 1.9
Js
L'fi 0,7 40, 0 1
Jy
a; O 0/0.0
" 45 0.4 257271400 1.8
I3
2400 a0 O/M 15
2200 -_ 1 I
2000 2
13800 — M3 P 0.0/0,0
1 600 o
E 1400 ::‘f
£ 1200 — 7 qp ﬁ?\ 40 0
= 1000 3
800 — 1
800 P 0.0/0.0
;Eg —_— — |||||||||||||||||||||||||||||||||||||||||||||||||||
0 —— 0 0.4 0.8 1.2 1.6
200
0 02 04 0,6 0.8 1 12 1,4 18 1,8 2

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



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
g 0O 280, 2.0
Jg
415 0.8 0 1.9
Js
q 0.7 0
Jy
g5 0 0.0/0,0
45 0.4 2 0 1.8
2 400 J5
2200 — J
2000 M1 s 0.4 82. .0 1.9
1800 - 1,
1600 o
= 1400 — M5 43 0—/_\0:0/‘&0\ :
g 1200 ::13
- 1000 W7
= a0 o qp 0 40, 0 17
B00 4
400
200 gy 0O 0.0/0,0 2
0 ——— [T T T T T OO T T [T
200
0 02 0,4 0,6 0.3 1 12 14 16 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. ;lzg'



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

2

N = 878,95 mW
T =155
a5 0.4 280,
Js
as S 5.0
J;
4 0 4 0
Iy
a5 0 /003&9
) as 0.1 5311400 1.1
2500 J;
— M1
2000 —u 7 0.4 123 81260
— M4 Iz
g '™ —usl gy 0 0.0/0.0
Z 1000 — M7
=
500 — MS gy 0 69.34140.0 1
— J
o — ________.- 1
\7 ay 0 0.0/0.0
-500
|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|
o 0,2 04 0,8 0.8 1 1.2 1.4 1.6 1,8 2 0 0.4 0.8 12 5

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

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
(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 1
20 — M3 g 0.9 1238#426.0 1.9
1800 . 1,
Z o0 s s O 0/0,0 2
=
500 — M9
qp U3 69, 0 15
0 \\\HM—_#’/,f I
-500 gy 0 0.0/0.0 2

0 0,2 0,4 06 0,8 1 12 1.4 16 18 2 |IIIIIIIII|IIIIIII|||IIIIIII|||||IIIIIII|II||||||||
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. §/;§L



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

Option 6

N =741,26 mW
T=2S8
Jg
dis 0.3 0 2
Jz
4 0.3 3 0
Jy
g5 O 0.0/0
. . W 16
2500 7,
2 000 - 'y 0.4 93244260 1.7
— s 4,
1500 — M4
c — M5 g O .0/0,0
E —ME
= 1000 —-m7
=
500 —_ o qp O 63, 0
Iy
0 — — —
qy O 0.0/0.0
_500 |IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|
o 0.2 0,4 0,5 0.8 1 1.2 14 15 1,3 2 0 0.4 0.8 12 1.6

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



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
Z 1000

50D

2500
2000
______,_.—-—.—._._\V

-B00

0 0,2 0.4 06 08 1 12 14 18

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

N =1004,52 mW
t=19s
N N
q1s W
J;
a7 }@@Lﬂ
Iy
g5 0 .00/ 9’
G5 041 40
— M1 I3
— M3 L7 0 123 0 1
:n'.@ I
vl w0 0000
- 412 \—46\13&!}44?:0 b1
I,
g 0 0.0/0,0
18 2 |IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|
0 04 0.8 12 16

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=2S

2400 @ Uw
2200

2
- J
2000 - M1 3
1 800 o g 0 I26, 2
1600 —_ 4 I.
_ 1400 — M5 -
£ 1200 — M8 gz 0 0.,0/0,0 2
= — M7
< 1000
800 — MO
50D gy 0 L 2
400
J
200 B
o —— — ay O 0.0/0.0 2
200
0 0.2 0.4 05 0.8 i 12 14 15 18 2 |||||||||||||||||||||||||||||||||||||||||||||||||||
0 04 0.8 1.2 1.6

P1: X =2234,8; Y = 1012,9; Z =0; P2: X=996,1;Y =1327,8; Z=1110,1. ;@{L



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

Jy
g 00— th}@ )
45 0,317 .0°140,
2500 — I
2000 o qq 0 123 % 0 1
—_ a4 1,
_ 1500 — M5 e
£ — M5 g 0 /—\/9:97u=u 2
Z_ 1000 — M7
=
e — ap M33=M40=0 11
. =
500 gy 0 0.0/0,0 2
0 0.2 0.4 05 08 1 12 14 15 18 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. ;/;4»



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

3 3108:322.6-3.9
| w e
‘ . ais 0% m
) ;}g’? T
o a7 -‘3'.53.%5.5.8 — Y
x Jy
g5 O 0000 )/\ 3.9

J3
2 500 A
— M1 0 1.5 123, 6=0/25’\ﬁ
2000 — M3 I.

- 1500 — M5 53 0—\/\—%0 3.9
5 — M8
Z 1000 - M7
=
500 — M9 qn —/—\/;/—l‘ﬂ@@i
° g J% o
T \/ gy O 0,0/0,0 3.9

500 |IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|
0 0,78 1.56 2,34 3.12 3.9

P1: X =2234,8; Y = 1012,9; Z =0; P2: X=996,1;Y =1327,8; Z=1110,1. ;@4



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

a 1 x\u.yw{z%ﬂ/\z
¥s

s 1 22 5.0 2
Is

q; }F@@Q_O
Iy

qs 0O 00700 2

2500 — I3
s : e 1 12377136, 2
- 1,
e el w0 DL”ELU/\ ’
= 1000 —M7
=
500 — MS Gz — 15 138 51400 2
0 Wt J;

pl

- \_’w @ 0 0,0/0.0 2
|||||||||||||||||||||||||||||||||||||||||||||||||||

2

0 0.2 0.4 0,6 0,8 1 1.2 1.4 1,6 1,8 2 0 04 08 12 ]6

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



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
qg 0 311, 2.0 0.9
g J;M 1

0,000
3000
2 500 p— qﬁ [l 7;4—. 40‘= :
2 000 J;

- 3
1 500 —_ 14 gy 0 331260 1
1 000 -
. ne I,
£ s — M5 3
S — M7 gz 0 0,0/0,0 2
-500 — M3

1000
0 138.54140.0 G5
-1 500 42 W

-2 000 4
-2 500 gy 0 0.0/0,0 2

|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|
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. ;/;gt




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 44) 748,90 6.54 2,0 100
2 (slide 45) 702,95 0 1,9 90
3 (slide 46) 878,95 25.04 1,5 50
4 (slide 47) 821,80 16.91 1,9 90
5 (slide 48) 756,10 7.56 2,0 100
6 (slide 49) 741,26 5.45 2,0 100
7 (slide 50) 1004,52 42.9 1,9 90
8 (slide 51) 729,38 3.76 2,0 100
9 (slide 52) 1043,38 48.43 1,5 50
10 (slide 53) | 1098,14 56.22 3,9 290
11 (slide 54) | 1256,53 78.75 1,0 0
12 (slide 55) | 1512,80 115.21 1,0 0

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

min

min



EXAMPLE OF THE NONCOLLISIONAL TRAJECTORY FINDING

2400
2200

1800

1200

?

02

- ~d
Mosnauen | 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

C 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 kBTerox

288883388

002 004 006 008 01 012 014 016 0 02 022 024 026 02 03 032 O

BLERE62638358

-




EXAMPLE OF NONCOLLISIONAL TRAJECTORY FINDING

850 000
800 000
750 000
700 000
850 000
600 000
550 000
500 000
4580 000
400 000
350 000
300 000
250 000
200 000
180 000
100 000
50 000
o

“volume, mm?

o

0,02 004 008 008 01

012 014 018 0,18 02

0,22 024 028 028 03
s

IMosHauen | KOOPAMHATH OMOPHUX TOYOK Hampsim BekTopa Gr Hanpsim oci Ofﬁl
HA X,mm | Y, mm Z, mm X,mm | Y,mm | Z,mm | 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 - - - - - -
Cq 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

032 0,24 038 038

0.4

042 044

58



EXAMPLE OF THE NONCOLLISIONAL TRAJECTORY FINDING

550000

500 000

450000

400 000

350000

300000

“olume, mm*

250 000

200 000

150 000

100 000

50 000

024 026 028 03 032 034 03% 038 04 042 044

o
o

002 004 005 008 01

012 014 016 018 02 022
TS

I
KOOpI[I/IHaTI/I OHO@T}'{OK

Hanpswm Bextopa Gr

. dg
Hampsm oci O

ITo3nauen
HA X,mm | Y, mm Z, mm X,mm | 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
B; 891,92 | 1642,85 | 217,51 - - - _ _ _
B 876,47 | 1639,73 -5,75 - - - — _ _
(o 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

59



EXAMPLE OF THE NONCOLISION TRAJECTORY FINDING

Yolume, mm?

12 000

11 000

10 000

9 000

8 000

7 000

6000

5 000

4 000

3 000

2000

1 000

004 006 008 01 0,12 014 016 018 02 022 024 026 028
s

KOOpI[I/IHaTI/I OIMMOPHUX TOYOK

Hanpsim Bektopa Gr

. d g
Hanpsm oci O,

Tlo3nauen
HA X, mm Y, mm Z, mm Xsmm | 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
B, 891,92 | 1642,85 | 217,51 - - - - - -
B 876,47 | 1639,73 -5,75 - - - - - -
Bs 1024,99 | 1637,46 | -285,72 - - - - - -
Cq 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

03 032 034 036 038 04 0,42 044

60



EXAMPLE OF THE NONCOLLISIONAL TRAJECTORY FINDING

B

2 800
2400
2200
2 000
1800
1600
1400
1200

M, Mem

1000
800
600
400
200

-200
-400

\olume, mm*
o

— M1

M2
— M3
— M4
— MB
— MB
—M7

— M8
- M10

0

002 004

006 008 01

Mosuauen | KOOPAMHATH OMOPHUX TOUOK Hampsm Bextopa Gr Hanpsim oci Ot'jj1

Hs X,mm | Y, mm Zmm | X,mm | Y,mm | 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
B2 891,92 | 1642,85 217,51 - - - - _ _
B: 876,47 | 1639,73 -5,75 - - — - — _
By 974,94 | 1637,75 | -265,41 - - - - _ _
B3 1024,99 | 1637,46 | -285,72 - - - - _ _
Ci 1422,82 | 1636,13 | -271,24 -0,83 0,52 0,15 0,18 0,00 0,98

Po3paxoBanuii yac BinmpaioBanHs TpaekTopii: T = 1,64¢

0,12 014

016 0,18 02

022 024 026 028

s

03

032 034 0,

% 038

04 o042

0,44

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




COMPARISON OF THE TRAJECTORIES
BASED ON GENERATED EXTRAPOINTS

Spline Linear Akima Cubic
T, C 1,52 1.56 oo
3
e 0,289 0,2937 0,284
kBT'To1 1
Tpaexropis X, )
OOMexeHH
s IO )
IIBUJIKOCTI

62



COMPARISON OF THE TRAJECTORIES
BASED ON THE GENERATED EXTRA POINTS

Spline Linear Akima Cubic
I'padik — = § —
3MIiHU (E— 1 N~ _
MOMEHTIB e S| 7§m
41\__7\___7_&-'\___ ee—— _—— = -
I'padik
KOJII31#




THE MAIN ALGORITHM OF DSS FOR CALCULATION PARAMETRIES OF

THE GRIPPERS' INTERACTION WITH OBJECTS OF MANIPULATION

1
ITouaTok >

Y

2 —
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ckiagoux ['BK
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[(Dt+1), (Crs2)]i

Amnpokcumanis
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P3nmp 32 omopHIMHA
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6 Y

InTepnossis
tpaekTopiit (Tr;)
P3mp 13 3a1aH010

KUIBKICTIO
MPOMIXKHUX TOYOK

r 10

- 7 —X

Tpaexropis Tr;
KOJIi3itiHa?

Koperysanus
KOJIi31HHOT
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r 11
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JUISL KOXKHOT
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TpaekTopii Tr;

i
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U1 KOYKHOI
TpaexTopii TT;

i

Li(Psm—Psr’) < Ascrie

12 —Y

Po3paxyHOK Tmin,
Emin JUTSI MHOXKHHH
tpaekropii (Tr;)
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F ={Tminx Emin}
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TPaEKTOPIl

- 15—
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THE STRUCTURE SCHEME OF THE PROPOSED DSS SOFTWARE
(a part of “Robix” software, developed in Delphi)

~E MI Com D

—y jNOJ:[wIL BBEJIEHHSI

/v%_:f'_ '__‘_* __\ e =1 x

\ MOIY.JIb tDON){léAHHH ™ \
N yBaHHs 3D cuenu

TAHUX

CDomaHHx ®DopmyBaHHS @opMyBafb\ K RM I'BK
IM OM IM TP IM PII :> BAH :>

JAHUX
4 ) VAS— —— Y
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THE CONDITIONS OF THE RESEARCHING PARAMETRIES OF GRIPPERS’
INTERACTION WITH OBJECTS OF MANIPULATION
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| AE RESEARCHING FARANME T RIES OF GRIFFERS INTERACITION
WITH OBJECTS OF MANIPULATION FOR CORRECTED NONCOLLISION
TRAJECTORIES
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EXAMPLE OF THE COLLISIONAL TRAJECTORIES CORRECTION BY
SPLINES (for analyzed exa 6ple on slide 63)
c

KOJI131iiHa TpaGKTOPI}I 3KOJ131HMHI Tpa€KTOp11

Cubic spline Cubic spline

Cr-182
CE =0,88mBm - 200

—col

Cr—176c
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2/, -
f |
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\ W /
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v

JITC =10, 1,2, ...,235(236)237, ....,398, 399, 400] Akima’s spline

KIIC = [0, 1, 2, ...,33@34, ...,358, 359, 360]

Parp = 206,16 MM

T =158¢c
AE =0,83mBm - 200

—col

/I

Jarme = 0,18 (nokanvruil uac)

gy
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e JLB2-LT6 yn0r a3 406 &, :w.mo%ﬂ,g% ‘ “\ , Linear spline
‘ 1,76 ,
=1,46¢
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=225 0 100% = -17,1% & =~ -100% = ~22, 6%
L =T e 100%=-17.1% S = 0a 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 3mmapKyBanHs Tpaektopii momtoca 3IITIP: Cubic

«— OM.
Pozramrysanns CK OM: e
¥ CPU tick: 0; Triangles: 90 - m] x W Cputick
File View Help Scene File View
T, s T,s
346
3-4’7 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)
Crunaiin 3rmapKyBaHHs TpaekTopii nmomtoca 3I1TIP:
«— OM,

PosramyBanus CK OM: — OM,

File View Help Scene

w

/ Max: 3,17

FEFEEEE




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 3mmapkyBanHs TpaekTopii momoca 3IITIP: Linear

. «— OM,
PosramyBanus CK OM: — OM,

¥ CPU tick: 15; Triangles: 90 - m] x ¥ CPU tick: 0: Triangles: 90

Eile View Help Scene File View Help Scene

mj/ Max: 2,69 i
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= 215
2, 1,88
‘ A 181




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 3mmapKyBanHs Tpaektopii momtoca 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)
Crunaiin 3rmapKyBaHHs TpaekTopii nmomtoca 3I1TIP:

. «— OM,
PosramyBanus CK OM: — OM,

¥ CPUtick: 16; Triangles: 90 - m] b3 ¥ CPU tick: 0; Triangles: 90

Eile View Help Scene file View Help Scene




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 3mmapkyBanHs TpaekTopii momoca 3IITIP: Linear

. «— OM,
PosramyBanus CK OM: — OM,

¥ CPU tick 0 Triangles: 90 - m] x W cputick . 0; Triangles: ;90

Eile View Help Scene file View Help Scene




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

YmoBH 3a caiinamn 62,63 (i =1,12 ; spl=(C,A,L))
OM.1/ OM;: \/—> (Ne7) OM;../ OM;: \/ < (N\e8)
Craiin ﬂozﬂalgfzzfg . F oer ™ Tvine F opr™ Enviing
. c E, KIIC, | JIIC, rc E, KIIC, | JIIC,
’ mBm-200 ° MM ’ mBm-200 | ° MM
Tmin 1,7796 | 0,9118 318 290 1,7459 | 10,8579 | 320 | 236,85
Cubic Tmax | 1,9934] 0,9051 219752121776 | 0,9939 5| 76,22
Enmin 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 | 10,8089 3271329,33]1,5638| 0,8191| 320 | 236,85
Akima Tmax | 1,7337 0,839 2|19752]12,0753| 0,8805 5| 76,22
Enin 1,6186 | 0,7902 339|329,33)1,5737| 0,8097 | 327 236,85
Emax | 1,6099 | 0,9075 3391201,8911,9185| 0,9334| 343| 80,59
Tmin 1,3024 | 0,6694 323|316,221,4174| 10,7383 | 326 | 76,22
Linear tmax | 1,9972 | 0,7135 0| 329,33]12,1515| 0,7826 5| 76,22
Enin 15129 | 0,6534 316 | 329,33]1,4895] 0,6488| 333 236,85
Emax | 1,9972| 0,7135 0| 329,33]12,1515| 0,7826 5| 76,22

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

* (L Spl
|:opt - ( z-min7 ) € ( Tmini

Fozt = ( LEmin8 ) € ( Spl Emini

i =1,12;spl :(C,A,L)) 75



CALCULATIONS OF TRAJECTORIES IN DEVELOPED "Robix*“ SOFTWARE

N 3/m CK PII,_; BigrocHo CKITP [ToOynoBana TpaekTopis
Koopaunary, mo BuzHagaioTs JIIIC Opienranis, 1o Bu3Havae KIIC TexHONOTiYHI XapaKTePUCTUKH TPACKTOPIi
P P g Tlo ICTh, EneoroemuicTs,
X Yol e £(CK PIl,_; ACKIIP) Yac, ¢ Tﬁ“\/‘\*/ T H ;]W“jﬁ T
-2400 0 1000 0 2,0216 0,5729
1
-2600 0,8602
2 B
AR,
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CALCULATIONS OF TRAJECTORIES IN DEVELOPED "Robix*“ SOFTWARE

N 3/ CK PII,_; Bigrocro CKIIP TNoGynoBana TpaekTopis
Koopaunatu, mo BuszHavaroTs JITIC Opienranis, mo BusHavae KI1C TeXHOJIOoruHI XapaKTePUCTUKN TPASKTOPIl
P 1P P IToTyxHicTb, EneoroemHicTs,
Xpnt_l YPHt—l ZPHt—l L(CK Pl_l[_l 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
ﬁ—
— S
4
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CALCULATIONS OF TRAJECTORIES IN DEVELOPED "Robix*“ SOFTWARE

N 3/m CK PII,_, Binsocro CKIIP IToOynoBana TpaexTopist
Koopaunaru, mo BuszHavae JIIIC Opienranis, 1o BusHadae KIIC TexHONOTIYHI XapaKTEPUCTUKN TPAeKTOPil
Tp TP Ip [ToTyXHICTB, EHeoroeMHicTh,
Xpnt71 ant71 ant71 L(CK Pl'[t,l A CK HP) qac, C mw mW*h
-1400 0 2600 -90 3,5754 1829,6 1,8171
5
6
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CALCULATIONS OF TRAJECTORIES IN DEVELOPED "Robix*“ SOFTWARE

N 3/m CK PII,_; Bigsocro CKIIP IToOymoBana TpaexTopist
Koopaunaru, mo Buznavatots JITIC Opienraris, o BusHaudae KIIC TexHONOTIYHI XapaKTePHCTHKU TPACKTOPIi
P g 1P [ToTyXHICTB, EHeoroemMHicth,

Xp]'[t71 ant71 ant71 L(CK Pl'[t,l A CK HP) qac, C mw mW*h
-3000 0 1000 -15 2,8973 1663,74 1,3306

7
-3500 0 1500 -30 2,0088

8
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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 28973 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

o=
e SN




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 et el o

trajectory ¢ trajectory "break” point
Corrected
trajectory

p N——__ Generated correcting
. o L. reference points
Basic reference
H=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)

HocaigxxkyBanunii napamerp npu N, = 100

Etanu F =7 F - E

OPT MIN OPT MIN
T, C ey Y0 E, Ce, %0 T, C ey Y0 E, Ce, %0
T MBT TOA = ’ o MBT TOA =
El 1,302 - 0,669 - 1,489 - 0,649 -

E2 1,159 | 12,338 0,660 1,364 1,100 | 35,363 0,615 5,528

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

A
A =1 -1 Ac=E -E_ Ee = 100% & =—=-100%




