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Due to necessity of increasing performance in new generations of the humanoid robots, in this paper, a 
novel power transmission mechanism to actuate the ankle joint of a humanoid robot is presented in 
order to increase the motion speed of SURENAIII humanoid robot. Also, the energy consumption of the 
proposed and the previous mechanisms are studied. In the proposed mechanism, the actuators of the 
ankle joint are located in the shank link. Then, a combined timing belt-pulley and a harmonic drive 
module are exploited for power transmission for the pitch joint. Also, the roll joint drive has employed a 
roller screw. In order to validate the design procedure, the simulation results of the robot are compared 
with the experimental data. The results reveal that the dynamic model is fairly matched to the real 
behavior of the robot. Also, the revolutionary genetic algorithm is employed to optimize the effective 
path planning parameters with respect to the minimum knee joint energy consumption. This 
optimization procedure which is employed in robot walking on flat terrains consists of straight motion 
and ensures the robot's stability. As a result, the optimal path planning parameters for proposed 
mechanism are obtained in such a way that the actuating torques of lower-body of SURENAIII are 
decreased. Also, the proposed mechanism can be achieved using lighter motors and makes the robot 
faster by means of mass reduction of foot. 
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Fig. 1 SURENAIII humanoid robot  
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Fig. 2 Entire structure and ankle drive system of SURENAIII’s left leg 
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Fig. 3 Entire structure and ankle drive system of  proposed left leg 
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Table 1 Identified parameters of drive system 
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Fig. 5 Basic walking parameters specified in lateral and sagittal schematic view 
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Table 2 Basic parameters of pelvis path planning 
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Table 3 Exclusive path planning parameters and their definitions 
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Fig. 6 Ground-interaction components of left leg 
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Fig. 7 Effect of lower-body mass change on knee joint torque  
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Fig. 8 Lower-body joints' torques comparison  
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Table 6 Simulation basic parameters 

   

  50 )  
   1.5)  

   16.9 )  
  1.2 )  

  
7   

Table 7 Parameters used in genetic algorithm 
 

  100  
 6  

  0.8  
  0.4177  0.6088  0.5556  0.8211  0.92  

 
8   

Table 8 Optimized parameters of the robot and the proposed model 
  3    

0.5705 0.5216 Sc 

0.8224 0.5585 R  

0.4394 0.6240  

0.9145 0.9451  

0.9254 0.9278  

-0.0182 -0.0184  

9 8  
Table 9 Parameters indicate the y-axis of fig 8 

8  

x  
y   
z   
y  
x   
y   

10 
 .  

 1.2 

9   .(20) 
)  () 

 (    

(20)  =  

 9 
3 16.32 

 
    

0 2 4 6 8 10 12 14 16 18
-50

0

50

100

150

time (sec)

1 (N
.m

)

 

 
P.M
S 3

0 2 4 6 8 10 12 14 16 18
-60

-40

-20

0

20

40

60

time (sec)

2 (N
.m

)

 

 
P.M
S 3

0 2 4 6 8 10 12 14 16 18

-30

-20

-10

0

10

20

time (sec)

3 (N
.m

)

 

 
P.M
S 3

0 2 4 6 8 10 12 14 16 18
-200

-150

-100

-50

0

50

time (sec)

4 (N
.m

)

 

 
P.M
S 3

0 2 4 6 8 10 12 14 16 18
-50

0

50

time (sec)

5 (N
.m

)

 

 
P.M
S 3

0 2 4 6 8 10 12 14 16 18

-50

0

50

100

150

time (sec)

6 (N
.m

)

 

 
P.M
S 3

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

11
.3

4.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                            10 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.11.34.7
https://mme.modares.ac.ir/article-15-7624-en.html


    

      

13951611  427  

10   
Table 10 torque reduction amount of proposed model 

  )   
  

   
12.63 15.82  
21.21 5.91  
37.65 14.36  
2.89 5.34  

58.25 3.45  
31.17 5.16  

 

  
Fig. 9 Energy consumption comparison between proposed model and 
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