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Although it seems that two categories of robotic systems, the dynamic object manipulation and dynamic 
biped walking systems, are completely different in how they are dealt with at the first glance, we 
believe that there exists a strong relationship between these two types of robotic systems. This paper 
studies the correlation of the dynamic biped walking and dynamic object manipulation in all areas 
(passive, underactuated and fully-actuated classes). In this regard, the virtual problem of "the amputee 
walking robot" is defined to describe the relationship between these two kinds of robotic systems. From 
this viewpoint, the problem of dynamic biped walking is a special case of dynamic manipulation of 
multibody objects in which the multibody object has a structure similar to the structure of biped robots. 
In other words, we can say that the ground manipulates the biped robot which is considered as a 
multibody object. Then, the concept of correlation is investigated in three different classes of the 
problem: passive, underactuated, and fully-actuated systems. For each of three categories, appropriate 
examples are studied. It will be shown that the details of the walking problem could be extracted from 
the mother problem of dynamic manipulation of multibody objects in all its aspects. 
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Fig. 1 Walking and object manipulation [20]  

 1  ]20[  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
29

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             2 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.29.6
https://mme.modares.ac.ir/article-15-7345-fa.html


    

 :   

1395163  275  

 -
1 )  
 .(2 

 .

 . ) 

 .
 

2 -1-   

 .
 .

  )      (   
 ( ) .

 .
  

)  .  (
  

    
    
             
 .         .

1- Underactuated Process 
2- Nonprehensile Manipulation

   » «  -

  .  

2 -1-1-   
» « .

 -
 .

 .

 .
 .

 .  ( )

 .

» .«

 .  (   )  
 -

 .   

 .
  

 .

 
1                                                                                   2                                                                              3 

Fig. 2 Evolutionary process of extracting dynamic biped walking from dynamic object manipulation [20] 
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Fig. 3 Four different models of dynamic (multibody) object manipulation resulting in defining of dynamic walking problem 
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Fig. 4 Contact phase (a) and impact phase (b) in 
manipulation of multibody objects 
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Fig. 5 PRI and frictional cone [25]; (a) contact force inside the 
frictional cone, (b) contact force outside the frictional cone 

 5 PRI ] 25) [a (
 )b ( 

Ps

dPRI

PRI

2 Arctg2 Arctg

Ps

dPRI

PRI

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
29

.6
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             6 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.29.6
https://mme.modares.ac.ir/article-15-7345-fa.html


    

 :   

1395163  279  

 

4 -1-   

  
 

 .    
         

       
  )  (.  
» « ] 27 [

) 
] 28([

 .

 .

) 
] 29 .([  

 -
] 26 .[ -

 ) 6-a .(  

  
  .7  

 5 )  
x 

  .(  
 

1    
 . 

  .  
   . 

 8   .  
 

   .
   .

 

   .
  

   .
6-b   .

       

1- Working Model 2D 

 
Fig.  7 Simulation of manipulation of a compass-like object 
using 1-DoF manipulators in a fully-actuated manner 
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Fig.  8  Simulation of manipulation of a compass-like object 
using 1-DoF manipulators in Working Model 2D 

 8  
  

 
(a) 

 
(b)  

Fig.  6 (a) Schematic view of passive manipulation of 
multibody passive object (b) compass gait robot passively 
walking on a slope 
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Fig. 9 Snapshots of simulation regarding the walking of a compass gait robot on a 5-degree inclined slope  
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Fig. 10 Simulation of compass gait walker in Working Model 
2D 
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                 (a)                       (b)                                          (c)  
Fig. 11 (a) Manipulation of 3-link object using 2-DoF 
manipulators, (b) walking of 5-link walker, (c) walking of 7-
link walker 
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Fig. 12 Snapshots of simulation regarding manipulation of 
an active 3-link object by a series of underactuated 2-link 
manipulators [27] 
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Fig. 13 Snapshots of simulation regarding manipulation of a 
5-link walker according to the base-problem of object 
manipulation 
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