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Kinematika klbov

» KIb — spojenie dvoch Elankov
" ohranicenie ich relativheho pohybu

" |[dealizacia — tuhost’ a geometria Clankov
kontakt =

" Typy kibov a

* jednoduchy klb: ,lower pair, ,higher pair*

- zloZeny kib |
- 6-DOF kib
* Model kibu

" rotaCha matica, pozicny vektor, mody, ohraniCenia
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Typy ,lower pair® klbov (1)

* rotacny kib
i B

cosO -sin6 O O

sin®@ cosO®@ O O

0 0 1 O
NG 0 Wil

" posuvny klb

o 1 0 0 O\

0 1 0 O

0 0 1 d
XVt 0 OVl
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Typy ,lower pair” klbov (2)

* helicky kib
< ™

cosO -sin6 O O

sin®@ cosO®@ O O

0 0 1 heo
NG 0 Dy

" cylindricky Klb

cosO -sin® O O\

sin®@ cosO®@ O O

0 0 1 d
N 0 OVl
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Typy ,lower pair“ kibov (3)

= sféricky kib
‘9 0\
> 0
0

G A e
* planarny kib

cosf -sin® 0 xcosO-ysinf

w

’ sinB cos0 X sin 0 + y cos 0

0
- e
| SEED NS0 1 )
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Geometricka reprezentacia

) " Denavit-Hartenberg
El__ ﬂ " Priradenie ramcov
" 0S Z, 0s X, pociatok, os Y
" Parametre
*d, 9, r(a), a
1‘ " Transformacia

o i = T(d) R(8) T(r) R(a))

cos O -sin0 cosa sin@sina rcos6
sin O cosOcosa -cosOsina rsin®
0 sin O cos o d
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Geometricka reprezentacia - priklad
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Z.akladné kinematicke ulohy

" Priama kinematicka uloha s = f(6)
" relativha pozicia a orientacia koncoveho efektoru

VOCI baze pri:
* hodnotach premennych kibov
* geometrii Clankov

a = 4
T33T4T

S

Or _0
To=T 6

Bapeik il

2 D

" Inverzna kinematicka uloha
* hodnoty premennych kibov pri:

/I'll I12 Ii3
21 I22 I23
I'31 I32 I'33

0 0
0=1f"(s)

" relativnej pozicii a orientacii efektora vocCi baze

" geometrii Clankov
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RieSenie inverznej kinematickej ulohy

* Analytické metody
* algebraické CicosbB+C2sinb+ C3=0
* geometricke vdzba na konkretnu kinematicku Strukturu
" symbolické eliminacné metody
* N UmeriCké metédy neutralne voci kinematickej strukture
" IteraChé metody
" aproximacne
" optimalizacné
" heuristicke
" stochasticke

" neiteracné

" aproximacné
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Aproximacna IK metoda

Linear approximation 1 aprOXIméCIa
s =J(0) 0
As=~ J(0) AO

* vyjadrenie IK /
A® = J(0) As

Actual motion

* Jacobian Transpose
AB = a J(0) As

= Jacobian Pseudo-
Inverse

AB = J(8) As
=31y | g
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Heuristicka IK metoda
* FABRIK — Forward and Backward Reaching IK
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Neiteracna aproximacna IK metoda

* Neurdnova siet = aproximacia inverznej f+

* volba Struktury 0=1f(s)
" vstupné/vystupné neurony
" vhutorna Struktura
* volba uciaceho algoritmu
* ziskanie prikladov
End-effecter . R +n_. G
Cz::?zsm " ¥e - + 7+’——-—h- G2 | Joint anglas SJ;;';;
End-etf;?cler[ : bsz o
orientation =_4P, - 7|L_‘__H,,.=-’H
B3
; Hidden layar E 3 Qutput layer !
(100 neurons) (3 neurons)
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HeadPitch
RshoulderRoll
RShoulderPitch
REIbowRoll
REIbow Yaw
RWristYaw
RHand
RHipYawPitch

RHipPitch

Nao a jeho klby

HeadYaw
LShoulderfoll
LShoulderPitch
LEIbowYaw
LEIbowRoll
LWristYaw
LHand

LHipYawPitch

RHipRoll

REneePitch

RAnklePitch

RAnkleRoll

Katedra kybernetiky a umelej inteligencie FEI, TU v Kosiciach _n—

LHipPitch

LHipRoll

LEneaPitch
LAnklePitch

LAnkleRodl

Ak C onvention



Roboty s nohami

" Mobillita

" statie, chddza, beh, skok
" Noha = kinematicky retazec (# DOF)
" Konfiguracia noh

" pocet:1, 2, 3,4 a 6, viac

* Sposob chodze
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Dvojnoheé roboty

» Struktira

* Pohyb robota
" fazy pohybu
" stabilita
* fixna pozicia
" Generovanie chodze
" zastavenie
" neutralna pozicia
" Vypocet trajektorie
* offline a online
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