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Abstract⎯ In this document the main idea of simulating an intelligent humanoid robot in a three dimensional environment is de-
scribed. Based on the experienced in implementing and simulating soccer player agent in two dimensional environment and de-
veloping the high level algorithm in these kinds of agents ,the first goal of simulating the humanoid soccer player is ,maintaining 
the stability in different kind of movement such as walking, turning and kicking. For each kind of movement initial trajectories 
are created by an offline method. After applying these trajectories to the robot and imposing the stability tests on them, the neces-
sary modifications and corrections is done to these trajectories and it is guaranteed that the robot can do movement without fal-
ling down or tip over. For reducing the huge mathematical computation and increasing the speed, an artificial neural network is 
trained for creating the modified trajectories. 
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1    Introduction 

Biped robots have better mobility than conven-
tional wheeled robots, especially  for moving on 
rough and uneven terrain. Study of these robots and 
their stability has been the main focus of too many 
researchers in the last decades. 

 The main challenge in biped robot is the stabil-
ity. Two measurements for stability are considered, 
static and dynamic.  For static stability it is just re-
quired that the center of gravity (COG) is inside the 
support area. In this case we assume that the robot 
movement is so slowly that we can neglect its move-
ment. But if the robot moves faster we can not rely 
on COG and it can not be used as a stability criterion 
anymore.  

For achieving dynamic stability, more move-
ment parameters should take into account. Because 
of nature of the robot, when it moves there are angu-
lar velocities and angular accelerations for each link 
that should be considered when we want to evaluate  
the dynamic movement and stability. In dynamic 
movement, trajectory planning for each kind of 

movement plays an important rule. If no stable 
movement trajectory consider for these robots, they 
can easily fall down or tip over. In trajectory plan-
ning the smoothness of the trajectories should be 
realized so that the first and second derivative of the 
trajectories is continues. The first order derivative 
continuity guarantees the smoothness of the angular 
velocity and the second order derivative continuity 
guarantees the smoothness of the angular accelera-
tion. Because all the trajectories are planned in Car-
tesian space they should be converted to joint space 
using inverse kinematics and it can be proved that if 
the first and second order derivative of the planned 
trajectories are continues in Cartesian space, they 
will be continues in joint space[1,2]. 

 One of the most effective methods that has been 
used as a stability criteria in the dynamic movement 
is called Zero Moment Point (ZMP).The ZMP is 
defined as the point on the ground about which the 
sum of all the moments of active forces is equal to 
zero. The convex hull  of the contact points between 
the feet and ground are called stable region, if the 
ZMP is inside the stable region ,the robot is stable. 

To achieve this goal, two methods has been sug-
gested. In the first method a desired ZMP trajectory 



Figure1.Block diagram of the first phase 

Figure2. Foot trajectory and its first and 
second order derivative in z-axis 

is planned and the torso movement is considered in 
away the desired ZMP trajectory is realized .Based 
on the limitations that exist in this method; it is not 
possible for all the desired ZMP trajectories to be 
realized. In addition to, because there is no foot tra-
jectory, this method will not work in rough and step 
terrains.  

The other method that has been investigated, 
utilizes both foot and hip trajectories. In this method 
first, both foot and hip trajectories are implemented 
using a third-order Spline function. These Spline 
functions guarantee that first and second order de-
rivative of trajectories in all the break points that 
have been used for implementing the functions are 
continues. 

After planning trajectories, they should be ap-
plied to the robot. Now it’s time to evaluate the tra-
jectories using the ZMP stability criteria. If the ZMP 
requirement is met (ZMP is inside the stable region) 
no changes should be applied to the trajectories, 
otherwise we should modify the trajectories. 

 Because it is a time consuming procedure to 
change all the trajectories two parameters from the 
hip trajectory is chosen. By changing the value of 
these parameters through an iteration procedure and 
applying the ZMP stability criteria we can reach to 
the desired parameter values.  
Aforementioned methods need heavy computational 
effort that impose a huge load on CPU and also re-
duces the walking speed. To decrease the computa-
tional load from CPU and increasing the movement 
speed, while marinating the stability we have consid-
ered the following idea. 
The modified and corrected off-line trajectories that 
guarantee the stability are fed to an RBF artificial 
neural network as a training set. Then the network 
can be used as source of creating new modified tra-
jectories for each movement. 

 

2   Implementation 

In this section the algorithm that has been im-
plemented and simulated is described in more details. 
Figure 1 illustrates the system block diagram. 

2.1 Off-line trajectories 

In humanoid, for each kind of movement a prede-
fined trajectory is needed. If both foot and hip trajec-
tories are known, all joint trajectories of humanoid 
robot will be determined by the kinematics con-
straint[1,2] .To achieve the best stability, it’s neces-
sary to have smooth trajectories. Also it’s required 
that at the start of walking cycle (one of the legs 
leaves the ground) and end of the cycle ,speed of the 
movement to be zero or near to zero, otherwise it 
severely causes the robot to tip over. 

 

So considering a Spline function as it has been 
used in some other works sounds to be logical [1, 2, 
3, 4]. As a trade-off, a third order Spline function can 
be used. This function can be implemented by defin-
ing some break points in the trajectory and take into 
account that the first and second derivative of trajec-
tory should be continues at break points. Figure 2 
shows foot trajectory and its first and second order 
derivative in z-axis. The trajectory has been imple-
mented using cubic periodic Spline function in 
MATLAB®. As it can be seen from the figure, the 
first and second order derivative are continues. 

 
 

 
 
 



Figure3. A trained neural network 

2.2 Inverse Kinematics 

Next step is applying the inverse kinematics. 
The attained trajectories should be converted from 
Cartesian space to joint space. By these equations the 
Cartesian values in the trajectories are changed to the 
motor angles and can be applied to the motors. 

2.3 Stability Criteria 

After issuing commands to the motors, now it’s time 
to evaluate the predefined trajectory. For  this means 
the ZMP point is calculated by the following equa-
tions. 
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In the above formula, im is the mass of link 

i, ixI , iyI are the inertia of component , ixΩ , iyΩ are 

the absolute angular components around x and y axis 
and n is the number of link. For stability this point 
should be inside the stable region. If this point lo-
cated outside the stable region we should do some 
correction in the joint space (trajectories) to prevent 
this instability. 

Because in our robot there is 21 DOF, it is a 
required to decide what kind of modification in 
which joint motor can result in best stability. For 
feasibility one of the hip parameters is considered as 
a variable. Here after we do all our trajectory modifi-
cation just on this parameter to achieve the best sta-
bility.   

2.4 Reducing the CPU load and increasing the speed 

The problem that exists in the previous algorithm is 
the amount of the calculations that is done by the 
CPU. For each movement a separate trajectory 
should be planned for the hip and foot. These trajec-
tories have to go through a stability criteria check 
and the necessary modifications should be applied. 

These procedures are time-consuming and im-
pose heavy calculation load on CPU. Because most 
of the movements that we need in our work are re-
peated, once they have been designed and planned 
carefully, they could be used later through a learning 
process. This learning process is done by an artificial 
neural network. The type of the neural network that 
we have used in our work is a Radial Basis Function 
(RBF). Because this kind of networks has the capa-
bility of interpolating the polynomial functions, they 

can be used for estimating and characterizing the 
trajectories that we have implemented by Spline 
functions. After extracting the modified trajectories 
we can use these data as a training set for RBF neural 
network. Once the network trained using the training 
set, it is ready to be as a source of generating the 
modified trajectories with the minimum amount of 
calculations. 

 We can use this trained network for the next tra-
jectory generation whenever needed. As it can be 
seen from figure 3 for each movement we set the 
input parameters for the RBF networks and the net-
works generates the trajectory for this kind of move-
ment. 

 

 

3 Conclusion and Current Works 

Stability in humanoid robot is the main objective for 
each kind of movement. Also for soccer player ro-
bots it is compulsory that robot maintain its stability 
when it moves forward or backward or kicks. To 
assure a satisfactory stability a well designed trajec-
tory in each of the movement is required so that it 
guarantees that the robot will be stable when it wants 
to do a movement. 

Our team qualified in the 2007 Robocup in At-
lanta competition for developing the first parts of our 
algorithm and the results that we sent to the technical 
committee of competitions. 

 Now we are applying the modified trajectories 
data to a RBF network using MATLAB® ANN tool-
box, to obtain a trained network. Testing the output 
of our work in Rcssserver 5.5 that has been released 
recently shows satisfactory results.  

We have also designed monitoring software that 
can easily monitors all the events that happen in the 
Simspark simulation environment and also can view 
all the stability test results, such as support polygon, 
ZMP point and so on. The vision system is fully util-
ized in this monitoring software . 
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