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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 

5    

 2   
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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Fig. 9 Energy consumption comparison between proposed model and 
surena3's model  

9  3 

7 -    

 .-

  . 
 . 

 3 
  

1.2   .
  

  
 . 
 

   .  

8 -   
[1]  S.  Kajita,  F.  Kanehiro,  K.  Kaneko,  K.  Fujiwara,  K.  Yokoi,  H.  

Hirukawa, A realtime pattern generator for biped walking, 
Robotics and Automation, 2002. Proceedings. ICRA'02. IEEE 
International Conference on, Washington, D.C. USA. pp. 31-37, 
2002. 

[2] S. Lohmeier, Design and realization of a humanoid robot for fast 
and autonomous bipedal locomotion, PhD Thesis, Technische 
Universität München, 2010. 

[3] M. Gienger, K. Loffler, F. Pfeiffer, Towards the design of a biped 
jogging robot, Robotics and Automation, 2001. Proceedings 2001 
ICRA. IEEE International Conference on, Seoul, Korea, pp. 4140-
4145, 2001. 

[4] B. Espiau, P. Sardain, The anthropomorphic biped robot BIP2000, 
Robotics and Automation, 2000. Proceedings. ICRA'00. IEEE 
International Conference on, San Francisco, California, USA, pp. 
3996-4001, 2000. 

[5]  S.  Lohmeier,  T.  Buschmann,  H.  Ulbrich,  F.  Pfeiffer,  Design  
concept of humanoid robot lola, Proc. CISM-IFToMM Symposium 
on Robot Design, Dynamics, and Control (RoManSy), 2008. 

[6] T. Buschmann, S. Lohmeier, H. Ulbrich, Humanoid robot lola: 
Design and walking control, Journal of physiology-Paris, vol. 103, 
pp. 141-148, 2009. 

[7] J. Urata, Y. Nakanishi, K. Okada, M. Inaba, Design of high torque 
and high speed leg module for high power humanoid, Intelligent 
Robots and Systems (IROS), 2010 IEEE/RSJ International 
Conference on, Taipei, Taiwan , pp. 4497-4502, 2010. 

[8] J. Englsberger, A. Werner, C. Ott, B. Henze, M. A. Roa, G. 
Garofalo, et al., Overview of the torque-controlled humanoid robot 
TORO, IEEE-RAS International Conference on Humanoid Robots, 
Madrid, Spain, 2014. 

[9] C. Ott, C. Baumgärtner, J. Mayr, M. Fuchs, R. Burger, D. Lee, et 
al., Development of a biped robot with torque controlled joints, 
10th IEEE-RAS International Conference on Humanoid Robots, 
Nashville, TN, USA, pp. 167-173, 2010. 

[10] D. Lahr, V. Orekhov, B. Lee, D. Hong, Early developments of a 
parallelly actuated humanoid, SAFFiR, ASME 2013 international 
design engineering technical conferences and computers and 
information in engineering conference, Portland, USA, pp. 
V06BT07A054-V06BT07A054, 2013. 

[11]K. Kaneko, F. Kanehiro, M. Morisawa, K. Akachi, G. Miyamori, A. 
Hayashi, et al., Humanoid robot hrp-4-humanoid robotics platform 
with lightweight and slim body, 2011 IEEE/RSJ International 
Conference on Intelligent Robots and Systems, San Francisco, 
California, USA , pp. 4400-4407, 2011. 

 [12]J. Pratt, T. Koolen, T. De Boer, J. Rebula, S. Cotton, J. Carff, et al., 
Capturability-based analysis and control of legged locomotion, part 
2: Application to m2v2, a lower body humanoid, The International 
Journal of Robotics Research, p. 0278364912452762, 2012. 

[13]  M. Lapeyre, S. N'Guyen, A. Le Falher, P.-Y. Oudeyer, Rapid 
morphological exploration with the Poppy humanoid platform, in 
IEEE-RAS International Conference on Humanoid Robots, Madrid, 
Spain,  pp. 959-966, 2014. 

[14]  M. Sadedel, K. A. Yousefi, F. Iranmanesh, Heel-Off And Toe-Off 
Motions Optimization For A2d Humanoid Robot Equipped With 
Active Toe Joints, Modares Mechanical Engineering, Vol. 16, No. 
3, pp. 87-97, 2016. (in Persian ) 

 [15] M. Sadedel, A. Yousefikoma, F. Iranmanesh, Analytical Dynamic 
Modelling of Heel-off and Toe-off Motions for a 2D Humanoid 
Robot, Journal of Computational Applied Mechanics, Vol. 46, pp. 
243-256, 2015. 

[16]  K. Narioka, T. Homma, K. Hosoda, Humanlike ankle-foot 
complex for a biped robot, 12th IEEE-RAS International 
Conference on Humanoid Robots (Humanoids 2012), Osaka, 
Japan , pp. 15-20, 2012. 

[17]  M. Rostami, G. Bessonnet, Sagittal gait of a biped robot during the 
single support phase. Part 2: optimal motion, Robotica, Vol. 19, pp. 
241-253, 2001. 

[18]  C. Chevallereau and Y. Aoustin, Optimal reference trajectories for 
walking and running of a biped robot, Robotica, Vol. 19, pp. 557-
569, 2001. 

[19]  G. Capi, Y. Nasu, L. Barolli, K. Mitobe, K. Takeda, Application 
of genetic algorithms for biped robot gait synthesis optimization 
during walking and going up-stairs, Advanced robotics, Vol. 15, pp. 
675-694, 2001. 

[20]  G. Bessonnet, P. Seguin, P. Sardain, A parametric optimization 
approach to walking pattern synthesis, The International Journal of 
Robotics Research, Vol. 24, pp. 523-536, 2005. 

[21] M. J. Sadigh, S. Mansouri, Application of phase-plane method in 
generating minimum time solution for stable walking of biped 
robot with specified pattern of Motion, Robotica, Vol. 31, pp. 837-
851, 2013. 

[22]  M. B. Popovic, A. Goswami, and H. Herr, Ground reference 
points in legged locomotion: Definitions, biological trajectories 
and control implications, The International Journal of Robotics 
Research, Vol. 24, pp. 1013-1032, 2005. 

[23] M. Vukobratovi , J. Stepanenko, On the stability of 
anthropomorphic systems, Mathematical biosciences, Vol. 15, pp. 
1-37, 1972. 

[24]  S. Kajita, F. Kanehiro, K. Kaneko, K. Fujiwara, K. Yokoi, H. 
Hirukawa, Biped walking pattern generation by a simple three-
dimensional inverted pendulum model, Advanced Robotics, Vol. 
17, pp. 131-147, 2003. 

[25] Q. Huang, K. Yokoi, S. Kajita, K. Kaneko, H. Arai, N. Koyachi, et 
al., Planning walking patterns for a biped robot, IEEE Transactions 

0 2 4 6 8 10 12 14 16 18
0

100

200

300

400

time (sec)
E 

(W
)

 

 

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

-1
2-

04
 ]

 

                            11 / 12

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


    

      

  

428  13951611  

on robotics and automation, Vol. 17, pp. 280-289, 2001. 
[26]  V.-H. Dau, C.-M. Chew, A.-N. Poo, Achieving energy-efficient 

bipedal walking trajectory through GA-based optimization of key 
parameters, International Journal of Humanoid Robotics, Vol. 6, 
pp. 609-629, 2009. 

 [27] M. Khadiv, S. A. A. Moosavian, M. Sadedel, Dynamics modeling 
of fully-actuated humanoids with general robot-environment 

interaction, in Robotics and Mechatronics (ICRoM), 2014 Second 
RSI/ISM International Conference on, Tehran, Iran , pp. 233-238, 
2014. 

[28]  M. Khadiv, S. A. A. Moosavian, A. Yousefi-Koma, M. Sadedel, S. 
Mansouri, Optimal gait planning for humanoids with 3D structure 
walking on slippery surfaces, Robotica, pp. 1-19, 2015. 

 

 [
 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

-1
2-

04
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.11.34.7
https://mme.modares.ac.ir/article-15-7624-fa.html
http://www.tcpdf.org

