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Figure 10. Position (X) trajectory tracking applying force on end-effector 

 
On the rotation part of impedance control system, a constant torque is 

inserted to the system at t=4s, while the end-effector tracking given desired 
trajectory. Similar to the previous case, the impedance controller bounded the 
alpha reference angle to a value of 0.45, in order to limit the torque, which is 
applied to the environment by the end-effector. 
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information, manipulating devices can operate only in “structured” 
environments, where every object and its relative position and orientation is 
known a priori. With the increase of real time capabilities of visual systems, vision 
is beginning to be utilized in the automatic control as a powerful and versatile 
sensor to measure the geometric characteristics of the work piece. Visual 
servoing is a form of control that directly incorporates visual information into the 
control loop. Incorporating visual feedback makes it robust to errors that may 
come from a lack of calibration, system noise or the nature of the environment 
[1]. For these reasons, visual servoing is an attractive choice for performing 
manipulation tasks as opposed to open-loop approaches such as the one 
described in [3] .It is very well known that the depth information in visual-servo 
control is the most imperative one, especially in uncertain environments. Unlike 
other visual servo approaches, which use eye-in-hand or stereo configuration, the 
solution proposed here uses a depth camera that is located in the middle of torso 
of the robot. This is aimed to bring the advantage of calculation of the depth 
information with higher accuracy.  

System overview:  
The visual servoing framework has been implemented for UMAY Robot shown 

in Fig 1, UMAY is a humanoid platform that has 6 DOF arms, a special hybrid neck 
mechanism[10], and a moving base platform. Humanoid UMAY can be used in 
clinical therapies for the children with ASD using some rehabilitation tools or toys.  

 

 

Figure1. An overview of UMAY robot with sensor positions indicated 
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In order to describe the kinematics and dynamics of robot Umay we use The 
Denavit-Hartenberg parameters as seen in Table 1.  

 

     
i 

Alpha 
(i-1) a(i-1) d(i) teta(i) 

1 0 0 0 T1 

2 -90 0 20 T2 

3 90 5 264 T3 

4 -90 0 0 T4 

5 -90 0 212 T5 

6 90 0 0 T6 
Table 1. D-H parameters of Umay  

 

 
Figure 2 

 
Simulation Environment 
A computer with an Intel i5 processor and 4 GB RAM was used for the 

simulations described below. The operating system of the computer was Ubuntu 
12.04 and runs Robot Operating System (ROS) (Groovy version) and Gazebo (1.5 
version) as the dynamic simulator.  C++, Python programming languages and 
OpenCV (2.6.1) computer vision library were used. The figure 2 shows the 
connection between the ROS nodes. Gazebo publishes the depth and RGB images 
which are taken from the simulated depth camera. In addition to this, Gazebo 
publishes the ‘joint states’ topic which includes kinematic states of the joints. 
Since the robot arm has 6 degree of freedom, there are 6 joint velocity controllers 
which can be seen from the left part of the figure. ‘Image processing’ node, 
subscribes the RGB images topic and finds the red object and green end effector. 
It publishes the coordinates in image frame. ‘Visual_servo_controller’ node 
implements the IBVS controller which is explained in this paper.  
‘Motor_commands_sender’ subscribes the joints states in order to calculate 










































































































































































































































































































