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Abstract  

ontrolling the motions of humanoid robot when interacting in external environment, requires an 

exact estimation of joint torques. Therefore, this paper suggests a  technique to estimate the 

maximum surplus torque  for each joints  using a genetic algorithm (GA) when the robot is 

pushing an object. To demonstrate the effectiveness of the suggested method, a multi degree of freedom 

humanoid- robot carrying a pushing motion is considered, and a number of simulations are conducted. 

The results of the simulations show that the suggested technique can be applied to the control of joints' 

torques for the humanoid robot interacting with external environment.  
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1. Introduction  

Many people expect that humanoid robots can perform various works in addition to walking 
motion. In this case, humanoid-robot motion needs to be more complex and sophisticated, and the 
joints of the robots need to be more precisely controlled for achieving a desirable motion or trajectory. 
Generally, a humanoid robot consists of many joints, each of which is a combination of an actuator 
and reducer. So, when a robot performs a cooperative motion with external environment, it is essential 
to adequately control torques of the joint actuators of the robot. As an example of a cooperative 
motion, this study considers a robot’s action of pushing an object. If a torque required at any joint of 
a humanoid robot exceeds its maximum capacity for achieving a desirable task, the robot cannot 
perform a desirable motion or some joints might be damaged. From this point of view, our approach 
involves finding optimal postures that maximise the working capability of humanoid robots by 
controlling the joint torques in such a way that the surplus torque for all joints is maximised. Until now, 
a number of research works showing a growing interest in humanoid-robot motion have been 
reported. The works [1-2] find optimal configurations in terms of the Cartesian force generation and 
energy consumption using nonlinear programming technique. However, the works are not directly 
related to the humanoid-robot research. The work [3] optimises configuration of the posture of 
humanoid robot by Simulated Annealing Algorithm. However, it is only applicable to the arm part of a 
humanoid robot. The study for developing a whole body cooperative dynamic walking control method 
[4] and effective balancing method [5] also reported, but they are restricted to stabilisation of walking 
mode. Recent successful development can be seen in mobile manipulation of humanoid robots  and 
optimisation of its posture using genetic algorithms[6-9] . However, most of the methods rely on 
approximate or restricted force information on a humanoid robot instead of precise information. To 
provide realistic force information with humanoid-robot cooperative motion, this study proposes a 
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method to find an optimal posture of a humanoid robot using a genetic algorithm (GA) in such a way 
that the surplus torque ratio for all joints is maximised when the robot is pushing an object by hands. 
Also, to assist structure, ANSYS programme is used. The desired joint angle and the generated torque 
at each arm and leg joint are calculated using forward and inverse kinematics and Jacobian, and the 
force and moment exerted on the leg part is calculated using ANSYS. The torques thus found are 
reflected on an objective function which is to be maximised by a GA. As a result of successive 
maximisation process, an optimised posture having a large surplus joint torque is finally found.  

To show the effectiveness of the proposed method, a 24-DOF humanoid-robot’s pushing motion 
is considered, and a number of simulations are carried out. The simulation result shows that the 
proposed method can be used to the control of torques for humanoid-robot cooperative motion with 
external environment. 

  
2 Modelling and Analysis of Humanoid Robots 

2.1 Degree of Freedom (DOF) and Coordinate System  
This study considers a humanoid robot consisting of two arms and two legs. Each arm and leg has 

6 DOF of motion, thus the robot has total 24 DOF of motion. Figure 1 shows the kinematic diagram of 

the robot assumed to be 1.2m in height and 36kg in weight. 

 

Figure 1: Degree of freedom and the coordinate 
 

As shown in the above figure, the coordinate system is divided into four frames: {Lh} for the left hand, 
{Rh} for the right hand, {Lf} for the left foot and {Rf} for the right foot.  
 

2.2 Forward and Inverse Kinematics  

Forward and inverse kinematics is to be derived with respect to four parts: two arm parts and two 

leg parts. This study takes the homogeneous transformation consisting of the position vector about 
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the origin of the reference frame, and the rotation matrix described by X-Y-Z Eular Angle. Each joint 

angle range is assumed to be given as 

 

  Here, the index  i of each joint angle θi follows the same number of each arm and leg part shown in 

figure 1. Θ4 corresponds to each knee and elbow of the robot. Frame {B} is attached on the centre of 

gravity of the robot, so the homogenous  transformation B
IT, {B} with respect to {I}, can be defined. 

Also, each link transformations, 0 BT  , e 6T  is defined as the coordinate system. Here, the position  

and rotation of frame {0} is coincident with that of frame {1}. Thus, 6
0T   is given by 

 

 
For obtaining the close-form solutions to the inverse kinematics, two methods are adopted: algebraic 
approach and geometric approach. In figure 1, each joint angle with respect to frame {Lh1}, {Lh2} and 
{Lh3} is obtained by algebraic approach, while each joint angle with respect to frame {Lh4}, {Lh5} and 
{Lh6} is easily found by geometric approach. The obtained joint angles are verified by the 
MSC.visualNastran4D, and figure 2 shows the 3D- modelling of an initial posture by the software.  
  

 

Figure 2: Modelling of the humanoid robot’s initial posture using SC.visualNastran4D. 

 
 

2.3 Force and Torque Analysis for the Arm Part  

To find the joint torques, Jacobian J relating joint velocity Ɵ˖  to Cartesian velocity X ˑ is used on the 
basis of calculated angles at the static situation. The Jacobian is defined by  
 

 
 

The Jacobian matrix is expressed by a 6× n (n: the number of joints) matrix: the upper three rows for 
linear velocity and the lower three ones for angular velocity. The Jacobian matrix deriving from the 
forward kinematics is expressed by the following equation:   
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Using the principle of virtual work W, each joint torque is derived by the following equations:  

 
Here, F is the 6×1 force and moment vector applied  at the robot with respect to frame {I}.    

 
2.4 Force and Torque Analysis for the Leg Part  

In general, the reaction force and moment applied at the leg part of a humanoid robot cannot be 
simply calculated when frame {B} is varied. So this study uses a structure analysis programme ANSYS. 
As the first step, the position of each joint angle with respect to frame {I} is determined from forward 
and inverse kinematics and is to be used for modelling by ANSYS. In the process of modelling, the acting 
force F=[-80 0 0] is applied on each palm and F=[ 0 0 - 360] is applied on frame {B}, where two kinds of 
the force are presented with respect to frame {I}. As a result of structure analysis, the reaction force 
and moment at frame {0} located on the robot’s waist of leg-part is found. In the same way as the arm 
part, joint torques at the leg part are computed by such obtained force and moment. Figure 3 shows 
the modelling of ANSYS for the initial posture, while table 1 shows joint angles, joint torques, input 
force for each part and the position and rotation of frame {B} at the initial posture.    
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3. Optimisation using a Genetic Algorithm (GA)    
 

3.1 Parameters and Objective Functions  
GA has been known to perform generally well when searching large spaces with many local optima, 

and formulates evolution process of survival by the fitness. This paper adopts a simple genetic 

algorithm (SGA) with roulette wheel selection, simple crossover and mutation. In addition, elitist 

strategy in which individual with the strongest fitness would be survived in the next generation is used 

for enhancing performance of the algorithm. Table 2 shows parameters used in this algorithm.   

 

 To increase overall acting force through maximising the overall surplus joint torque ratio, the 
objective function F(x) is defined by 
 

 
Here, τi  is each joint torque and τmax is maximum allowable torque of each joint.  

 
3.2 Constraints in a GA  

The following shows the constraints for achieving optimisation by the GA.  
 

1.  Each position and rotation of the palm and the sole is fixed at the initial posture.  
2.  The force acting on the palm and on the centre of gravity of the robot keeps constant.  
3.  The torque at each joint should be lower than its allowable maximum torque shown in table 3.  
4. The rotation and position of frame {B} should follow the allowable range shown in table 4. 
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3.3. Optimisation Algorithm  
Figure 4 shows the flow chart of the proposed optimisation algorithm.  

 

Figure 4: Flowchart of the proposed optimisation algorithm. 

 
4 Simulation Results  

Using the proposed approach, a number of simulations are carried out to show the effectiveness of 
the algorithm. Figure 5 shows the change of the average fitness function and the maximum value of 
the objective function. The figure show that values tend to increase through the simulation. 
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Figures 6 and 7 show the position (Px, Py, Pz) and rotation (Rx, Ry, Rz) of frame {B} is varying in progress 
of generation with respect to frame {I}. The  figure shows that values (Px, Py, Pz, Rx, Ry, Rz) tend 
to converge into a single value through the simulation. Figures 8 and 9 show the comparisons between 
the initial joint torque ratio and the final joint torque ratio. Each joint torque ratio at the final posture 
is less than that at the initial posture, as shown in figure 8 and figure 9. This means that surplus joint 
torque at final posture is larger than that at the initial posture. 

 

 

It can be seen that sum of the each joint torque is 300.9Nm at the initial posture while 207.5Nm at the 

final posture. This means the humanoid robot has more surplus torque by 93.3Nm than it of initial 

posture. Table 5 shows the simulation results at the 
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optimised posture. Figure 10 shows the humanoid robot’s final posture from the simulation results in 
table 5. This result means that surplus torque can be enlarged as much as reduced. Thus, it is concluded 
that proposed method can be efficiently used to the control of torques for humanoid robots 
cooperative with external environment. 
 

 
Conclusion  

Controlling the motions of humanoid robot when interacting in external environment requires an 

exact estimation of joint torques. Therefore, this paper suggests a  technique to estimate  the 

maximum surplus torque  for each joints  using a genetic algorithm (GA) when the robot is pushing an 

object. The robot with 24 degree of freedom is considered, and forward and inverse kinematics is 

derived on the basis of modelling. Then, the torque of all joints is calculated from the relation of 

forward and inverse kinematics and Jacobian. Then ANSYS programme is used to find the acting force 

and moment at the leg part. Such obtained torques are reflected to an objective function which is to 

be minimised by a genetic algorithm (GA). Here, the position and the rotation angle of the centre of 

gravity of the robot are considered as the design variables. As a result of successive maximisation of 

the objective function by the GA, an optimised posture having a maximum surplus torque for the 

cooperative motion is finally found. And to show the effectiveness of the proposed method, a number 

of simulations are carried out. The simulation result shows that the proposed method can be adopted 

to the control of torques for humanoid robot cooperative motion with external environment.  

 

  

http://www.aeuso.org/


O. Shoubaky et al. / Vol. 9(31), Jan. 2019, PP. 4070-4080 

  

 
4080 

 
International Journal of Mechatronics, Electrical and Computer Technology (IJMEC) 

Universal Scientific Organization, www.aeuso.org 
PISSN: 2411-6173, EISSN: 2305-0543 

 

References  

[1]      S. Masaaki, I. Mariko, M. Satoshi and S. Satoshi, “Optimal posture control for object recognition on active vision 
robot”, Proc. of the International Conference on Control Applications, pp 1141-1146 (2004).  

[2]        F. Yuan and Qichao Yin, “Coordinating multilimbed robots for generating large cartesian force”, IEEE Transactions, 
20(4), pp 849-857 (1990).  

[3]       V. Riffard and P. Chedmail, “Optimal posture of a human operator and CAD in robotics”, Proc. of the International 
Conference on Robotics and Automation, pp 1199-1204 (1996).  

[4]       Y. Jin’ichi, S. Eiji, I. Sadatoshi and T. Atsuo, “Development of a bipedal humanoid robot: control method of whole 
body cooperative dynamic biped walking”, Proc. of the International Conference on Robotics and Automation, pp 
368-374 (1999).  

[5]        T. Sugihara and Y. Nakamura, “Whole-body cooperative balancing of humanoid robot using COG Jacobian”, Proc. of 
the International Conference on Intelligent Robots and Systems, pp 2575-2580 (2002).  

[6]        Y. Haruyuki, I. Kenji, A. Tatsuo and M. Yasushi, “Mobile manipulation of humanoid robots: a method of adjusting leg 
motion for improvement of arm manipulability”, Proc. of the International Conference on Advanced Intelligent 
Mechatronics, pp 266-271 (2001).   

[7]     Y. Haruyuki, I. Kenji, A. Tatsuo and M. Yasushi, “Mobile manipulation of humanoid robots: optimal posture for 
generating large force based on statics”, Proc. of the International Conference on Robotics and Automation, pp 2271-
2276 (2002). 

[8]       I. Kenji, N. Yusuke, A. Tatsuo and M. Yasushi, “Mobile manipulation of humanoid robots: body and leg control for 
dual arm manipulation”, Proc. of the International Conference on Robotics and Automation, pp 2259-2264 (2002).  

[9]        T. Tomohito, I. Kenji, S. Kotaro, M. Yasushi and A. Tatsuo, “Mobile manipulation of humanoid robots: control method 
for COM position with external force”, Proc. of the International Conference on Intelligent Robots and Systems, pp 
1180-1185 (2004).  

 

http://www.aeuso.org/

