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Once the concept of passive walking appeared, control of biped robots based on dynamically stable 
periodic gaits around a stable limit cycle became of interest to many researchers and it has further 
accelerated. The authors have previously shown that in addition to passive walking, a passive, biped 
walker could interestingly show asymptotically stable turning motion over a novel 3D surface called 
"helical slope". In this paper, based on passive turning concept, a control method would be offered 
which is effective for 3D biped robots. The approach is based on potential energy shaping that is usually 
applied for walking control. In the proposed method, asymptotically stable passive turning motions that 
are performed on a certain helical slope are projected to 3D motions over flat ground and along a 
circular path (which is the image of the helical slope on the ground). The biped model used in this 
study, is a 3D model of compass gait robot with flat feet and flexible ankles that could generate stable 
passive turning motions. The simulation results show the effectiveness of the proposed method as well.  
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2- ASIMO 
3- Passive walking
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1- Dynamic stability 
2- Stable limit cycle 
3- Hybrid Zero Dynamics 
4- Geometric Reduction Method 
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Fig.  1 (a) 3D compass-gait biped model including finite hip 
width, flat feet and ankle springs. (b) Schematic details of ankle 
joint owning 3 Euler angle DOFs and  related torsional springs 
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5- Yaw 
6- Roll  
7- Pitch
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Fig. 2 Representing 4 DOFs of biped walker in general case 
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3- Two-domain hybrid system 
4- Periodic gait
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Fig. 3 An instance of novel “helical ramp” surface in witch 
passive turning of biped walker is recognized 
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1- Poincare map 
2- MATLAB 
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Table 1 Robot’s parameters used in simulations  
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Fig. 4 Representation of difference between heading angle of 
walker and heading angle of productive slope in a passive 
turning on helical ramp 
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Fig. 5 An instance of infinite passive turning on helical ramp 
(COM position over 3000 steps) 
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Fig. 6 Snapshots of one stride (two steps) of passive turning on 
helical ramp. COM of the walker has shown by ‘o’ marker. 
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 »o «  

  
Fig.  7 State variables over one stride (two steps) of passive 
turning on helical ramp. All variables are represented non-
dimensionally.  
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Fig.  8 Phase plot of one leg’s pitch angle over one stride (two 
steps) of passive turning on helical ramp 
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Fig.  9 Representation of change in productive slope of helical 
ramp and convert it to zero slope (for example). 
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Fig. 10 converting helical ramp to level ground due to changing 
its productive slope to zero as previous figure (for example)  
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Fig. 11 Schematic of change in heading and azimuth angle 
of gravity vector and creating a virtual gravity vector witch 
can revolve around vertical axis 

11 
   

1- Solution trajectory 
2- Invariant 
3- Equivariant 

  .
    

 X 
  

 
   

 (  : ) 
 .

 
 

6 -  :  
 

   . 
 

= = 0  .
) 16 (

   
 (q)

  
) =( 

 ) = 0( 
) 19(   

)19(  R R = R A R R = AR R = R A  

R R 3-1-2 
  .A 

= 2 1 Y 
) Y  .(R 

 Z    
:  

)20(  U(q) = g. r , = ( S C ) 

g r ,  i  .
   

)21(  = (1 + )C + (1 )C( + ) 
. U = U (q) 

g 
 .11 = 

 X  .
  :  

)22(  g = R R g| = R
S C
S S

C
 

:  

)23(  
U (q) = g . r , = S ( S C +

C + S S ) C ( S C )  
   ) 24(  .  

)24(  = (1 + )S + (1 )S( + ) 

 

 X

Z

Y
gAg

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
32

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                               6 / 8

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.32.1
https://mme.modares.ac.ir/article-15-7527-en.html


    

       

1395164  211  

u: = B = I 
  .

) 16 ( 
    

)25(  

= S ( C C S + C S ) 
=
( ) + ( )( +

)  
= S ( ) (1 )( ) 

(1 ) = S C C( + ) S S S( + )

(1 C ) C S( + )  
 = 0 

 
: { = 0.0702 = 0.003746}  .( )

 .
 

) 26( :  

)26(  
x = 0 = x = 0.0702 

= [ 0.0592 , 0.00906, 0.14514,3.40705, 

 0.12639, 0.02850, 0.40354, 0.38567 ]  
 .

= 0 
= 0.003746 )  

: { = 0 = 0.003746}  .(
 

 4   
12   2400 

  .
  

 ( ) 13 16   .
13  14

) 0 ( 
 .

]12[. 

= 0 
= 0.070216  .

    
  )   

  .(  

15   .
 

   
0.048 0.045   .

 0.005   . 
 

  

 
Fig. 12 Robot’s COM position over 2400 steps of controlled 
turning on level ground 
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Fig. 13 Snapshots of one stride (two steps) of controlled 
turning of robot on level ground 
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Fig. 14 State variables over one stride (two steps) of controlled 
turning of robot on level ground 
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Fig. 15 Control input torques related to each DOF over one 
stride (two steps) of controlled turning of robot on level ground 
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Fig. 16 Comparison of phase plot of one leg’s pitch angle over 
one stride (two steps). Dashed-line: passive turning on helical 
ramp, Solid-line: equal controlled turning on level ground 
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