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Movie Segment
Skillful manipulation based on 
high-speed sensory-motor 
fusion, T. Senoo et al., 
University of Tokyo, ICRA 2009 
video proceedings 
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Jacobians:  Direct Differentiation
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Position Representations
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Linear Velocity
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 Angular Velocity
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Simultaneous linear and angular motion

{A}

{B}

vB A/

 vP B/

P

A
P A

A
B A B

A B
P B

A
B B

A B
Bv v R v R P/ / /. .   

v v v PP A B A P B B/ / /   

Spatial Mechanisms
{2}

{0}

{1}
{n}



v 

 ( ). x J  

x v : linear velocity
angular velocity

Propagation of velocities

{i}
i

vi

vi+1

i+1

{i+1}zi

Pi+1

zi+1

 


i i i

i i iZ

 

  

 


1 1

1 1 1



  .

v v P d Zi i i i i i      1 1 1 1  .

Velocity propagation

Linear

Angular

i
i i

i i
i

i
i

i
i i

i
iv R v P d Z




 


   1
1

1
1 1

1
1.( )  .

Velocity propagation

Joint 1
v1 and 1 in frame {1}

Joint i+1
i

i i
i i

i i
i

iR Z






 1

1
1

1
1

1  .  .

n
n n

nv and

0

0

0

0

0

0

v R

R

vn

n

n

n

n
n

n
n 

F
HG
I
KJ 
F
HG

I
KJ
F
HG
I
KJ.

{n-1} {n} v



Example

 1

{0}

 1

P1

P2

P3

l1

l2

l3

 2

 3

v v Pi i i i   1 1

•

•

•

v

v v P

v v P

P

P P

P P

1

2 1

3 2

0

1 2

2 3



  

  





0
1 1

0
1   . Z

0
1

1

1 1

1 1

1 1

1 1 12
0

0 0

0 0

0 0 0 0 0

v

l c

l s

l s

l cP  
L

N
MMM

O

Q
PPP

L

N
MMM

O

Q
PPP


L

N
MMM

O

Q
PPP


 .

.

.

.

. . 


 

0 0 0
2

0
33 2

v v PP P  

0
1 1

1 1 1 1 2
0

33

0

0 1 0

1 0 0

0 0 0

v

l s

l c PP 
L

N
MMM

O

Q
PPP


L

N
MMM

O

Q
PPP


.

. .  .(   ).  


L

N
MMM

O

Q
PPP


L

N
MMM

O

Q
PPP


l s

l c

l s

l c
1 1

1 1 1

2 12

2 12 1 2

0 0

.

. . 
.

. .(   )  

0
3 1 2 3

0
0     (    ). Z

l c

l s
2 12

2 12

0

.

.

L

N
MMM

O

Q
PPP



9

0
1 1 2 12 2 12

1 1 2 12 2 12

1

2

3

3

0

0

0 0 0

v

l s l s l s

l c l c l cP 
  


L

N
MMM

O

Q
PPP

L

N
MMM

O

Q
PPP

( )

.









0
3

1

2

3

0 0 0

0 0 0

1 1 1







L

N
MMM

O

Q
PPP

L

N
MMM

O

Q
PPP

.





v
J







F
HG
I
KJ 
F

H
GGG

I

K
JJJ

.





1

2

3

vJ

J 


