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Velocity model

Jacobian matrix
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Angular velocity resulvtmi"ﬁg' of n joints movement

Wg = Wy + 0, + -+ + Wy,
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Linear velocity resultilﬁh'gwof n joints movement

Vg = Vi1 +Viz + -+ Vg
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Consider a n-link robot :
Wg,l is the angular velocity of the end-effector

n. ) )
Vg is the linear velouty of the end-effector

v61=]vC?}<]= ]”]

W(7)1 = Jwq
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Jacobian matrix

Z. .x(0o. —0. revolute — joint—Ii
‘Jv :[‘Jvl ‘]v2 ‘Jvn]:“]vi :{ - ( ! I_l) c - J - -
Z. , prismatic — joint—i
Z. revolute — joint—i
JW:[JW]. Jw2 ‘an]:“]wi :{ - - . J - -
0 prismatic — joint—I
Tz .x(0. -0
{ (0, '1)} revolute — joint—i
J :[Jl J, ‘Jn] J; =1 ;il
{ 61} prismatic — joint—i
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Example: 2-link planer robot

o I151 o |231,2 _ |231,2
l,C, + |2C1,2 |2C1,2 .
0 0 |
J = |
0 0
0 0
4/19/2024
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DVM of a 2R planer robot
—l151 — 1351, —13817]
licy + 13¢q7 l,c17 g
% . 0 0 1
° — — — X .
£ =] =74 X o %4,
0 0
1

Uy -—l151é1 _ 12512 (61 + 92) l15191 I l2512(91 T+ 82)
° — |V — ) ) )

VEE | e + e (6 +6)) [ ] [ l1¢161 + lpc12(61 + 67)
o [ ] _

91+92
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IVM

E=Jg=q=|J7¢

VM
Find:6, 6, 0,

When:0, 6, 6, v,, w,, known
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A, T

. . . 1 -
X|_ —lsi—Ls, —Ls, |6, - o, N —ls —Ls, —Ls,| |X
Y ey +he, e, |6, 0, hey+he,  Ley Y

1r -
— ¢ — 1,8, X
ll s, | le, +le, Ls +Ls,| |Y

l clzX+l S12Y g - _(llc1 +/1,c,, )X+(llsl +1,5,, )Y
lls, ° 11,s,
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Singularity (mathematical and mechal_ng)

2R _Planer _Robot
0, =0

J|=0=1,1,s, :O:><ﬂ2 .

‘(a)one _motion _direction
(b)6, = any _value

—
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6 DOF serial robot velocity model (Paul)

[ ] lvwrist + Wyrist X (OE o 0wrist)]

Wyyrist

o wrist
Ewrist — [ ] ]wrlstq

Wyyrist

https://manara.edu.sy/
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Jacobian Matrix to the wrist
A B
Jwrist = |- | A/B,C,D € R

* A =[Zy X Oprist
*B=|0 0 O]

Zl X (OWT'iSt o 01) ZZ X (Owrist m 02)]

cC =120 Z1 Z3]

*D=1[Zyo Zw1
* Virist = A X [91

* Wyrist = C X [81

ZWZ]
6, 05]"
6, 6:1T+Dx[0, 6: 6.]"
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g 8, Ly

Thanks
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