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ROBOTICS

Direct and Inverse Velocity Model

DVM & IVM




Consider a n-link robot :
ng is the angular velocity of the end-effector

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

W(T)l = Jwq

b omik=1
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The Jacobian

Z. .xlo, —o. revolute — joint—I
‘]v :[‘Jvl ‘]v2 ‘]vn]:“]vi :{ - ( ” I_l) - - J - -
Z. 4 prismatic — joint—I
Z. revolute — joint—1
‘]w :[‘le ‘JWZ ‘an]:“]wi :{ - - - J - -
0 prismatic— joint—I
2. .x(0. —0. )]
(0, -014) revolute — joint—i
7.
=3, J, Soldi=1- -
51 prismatic — joint—i
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Example: 2-link planer robot

Ly Zy
0] 1,c, | l.c, +1,c,, | (0]
0,=|0}0,=|Ls, o, =|L;s,+1,8,, |z, =2, =
0] 0 | i 0 N |1
— |131 o |231,2 N |251,2_
¢, +1,C, 1, N
J = ..
0 0
0 0
L 1 1 _
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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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2R Planer Robot

_Cl2 S12 O llcl T 12612_
7702 — SlZ C12 0 ZISI +12812
0 0 1 0
0 0O O 1
) _llcl + I2C12_ _llcl__
O, =\1s,+1,s, |,0, =15,
- 0 - L O -
0
Z, =2, =2, =0
_1_
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DVM & IVM of a 2R planer robot
—l]_Sl — l2512 _l2312
l1C1 + l2C12 12512 9
% . 0 0 1
° = = — X 3
§ [W] Jq 0 0 0,
0 0
_ - . 1 . '1 ]
zx —1151?1 — 12512(?1 T 32) ] —11516; — 1351,(601 + 6;)
¢ V= y =
lyc101 + 12%12(61 + 92) l16191 + l2C12(91 + 92)

<,

6, + 6,
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IVM of 2R planer robot

. 5 . 1r -
X|_ —ls, —Ls, —Ls,|6 - o, . —ls —Ls, —Ls,| | X
Y lie, +1,c, he, éz 92 hie, +1ye, he, Y

_chlz _32512 B X
Zl s, | le, +le, Ls,+Ls,| |Y

l 012X+22512Y g - _(Zlc1 +/,c,, )X+(lel +1,8,, )Y
lls, ~° lLs,

10/1/2023 ROBOTICS



[

0)liaJl

Singwﬁlluarity

2R _Planer _Robot
0, =0

J|=0=1l,s, :O:><ﬂ2 .

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

—
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DH Table & Matrix
____
©1+90
2 400 0 0 Q2
3 300 0 0 O3
'C@i —SgiCai SeiSai a,;c@i-
. Sg. Cg.Cq. —Cp.Sg:. QAiSy.
Ai — Tit—l ml i i & i i
0 Sa; Ca; d;
L 0 0 0 1
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L

Transformation matrices

TO2 = TO3 =
0] [ -C2*s1, S1*s2, -C1, -400*C2*s1] [ -C23*s1, S1*S23, -C1l, -100%*S1*(4*C2 + 3*C23)]
o] [ C1*c2z2, -Cl1*s52, -S1, 400*Cc1*c2] [ C1*C23, -C1*S23, -S1, 100*C1l*(4*C2 + 3*C23)]
500] [ -S2, -C2, 0, 500 - 400*s2] [ -S23, -C23, 0, 500 - 300*S23 - 400*S2]
1] [ Or Or O! 1] [ O! Or O! 1]

https://manara.edu.sy/ 12
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Vectors needed to calculate the Jacobean

22 = 02 03 =

71 01

—c1 0o -Cc1 —400*C2*S1  —-100*S1* (4*C2 + 3*C23)
_31 0  -s1 400*C1*C2 100%C1* (4*C2 + 3*C23)
0 500 0 500 - 400*S2 500 - 300*S23 - 400*S2

https://manara.edu.sy/ 13
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Jacobean matrix
—100C,(4C, + 3C,3) 100S,(4S, + 3S,3)
—100S5,(4C, + 3C,3) —100C,(4S, + 3S,53)

0 —100(4C, + 3C,5)
0 i

0 —S,

1 0

¢ =1) =74

https://manara.edu.sy/
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DVM Numerical Example

® Find the linear and angular velocity of the end effector when:

I
81 ZE,HZ — _7-[/3,83 =7T/6

6, =0.5,0, =0.3,0;, =0.2

https://manara.edu.sy/
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0
—50(4 + 3V3)

0
0
0
1

v

deola
o)l
Solution
—50(3 + 4V3)
0

—50(4 + 3V3)

—150 |
0
—150+/3

https://manara.edu.sy/
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Velocity of the end effector

vx

Uy

75 — 60V3 |
—100 — 75V3
| —60 — 753 |

mm/sec

[ H ]md/sec
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IVM Numerical example

* Find the joints velocity needed to make the linear velocity of the end effector

when:

Uy —75 — 40\/5-
Vy| =1-20 — 153 | mm/sec
Yzl 1 —40 — 753,

s

81 =E,82 — _7-[/3,93 =7T/6

https://manara.edu.sy/ 18
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Joints velocity

6; = 0.1

solution = |6, = 0.2

6; =03

rad/sec
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A, T
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