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Table 1. Positioning Accuracy

Position 1 2 3 4
Translation 1.7 mm, 31 % 2.0 mm, 56 % 1.9 mm, 46 % 2.0 mm, 48 %
Rotation 0.3 degrees, 36 % 0.4 degrees, 58 % 0.3 degrees, 27 % 0.4 degrees, 44 %

NOTE: The absolute number is the positioning error obtained using one camera. The percentage is the improvement of the
positioning using two cameras.

error between the reached position and the desired position)
is improved considerably with the use of multicamera visual
servoing, as is shown in Table 1 (typically from 2 mm to
0.9 mm). These results demonstrate the feasibility of using
several cameras to position a cumbersome object.

5.1.2. Comparison of Two-Dimensional and Two-and-a-Half-
Dimensional Visual Servoing

Even though multicamera visual servoing can be used with
any scheme (two-dimensional, two-and-a-half-dimensional,
and three-dimensional), we compare only the two-
dimensional and two-and-a-half-dimensional methods. The
results are illustrated in Figure 4 and Figure 5, respectively.
Each �gure is divided into two columns, one for each camera.
In each column, we provide the error on the coordinates of the
points versus the number of iterations and their trajectory in
the image (diamond and circle marks correspond to the initial
and �nal positions, respectively). In the last row, we provide
the control law (i.e., the velocity of the robot end effector)
versus the number of iterations. Even with the imprecise cal-
ibration used, the error on the coordinates goes to zero and the
control law is stable. Indeed, the camera�s intrinsic param-
eters and the transformation matrices between each camera
and end effector frame were only roughly known.

As a result of the use of a simple proportional control law,
the speed of convergence is relatively slow at the end of the
servoing. It can be easily improved by increasing gain� as
soon as the error becomes small. Obviously, increasing� too
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Fig. 16. One image in 20 of the �newspaper� sequence (approximately 1 image every 6 seconds).

The relation (41) is af�ne with respect to� and� and valid
for all points of the plane. In order for the left term to be null,
each of the af�ne coef�cients also has to be null, meaning the
following:
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Then, by replacing�� 	 , �� 1, and �� 2 by their respective value
in each �	 � given in (38), (39), and (40), we obtain

�
������

������

�� 1 � � 192
� � � 19� 
 � � � 29� 9� � � 29� 
 �

� 9� 9� � �� �
� 	

� �
 �

�� 2 � � 19� 9� � � 19� 
 � � � 292
� � � 29� 
 �

� 9� 9� �
�� �

� 	
� �
 �




�
�������������������������

�������������������������

�� 1 � � � 2
1 92

� � � 1� 29� 9� � � 29� 
 � � 9� 
 �

� � 19� 
 � � � 2









Figure6: 2D 1/2 visual servoing experiments:on thesesnapshotsthe tracked objectappearsin greenand its desired
positionin the imagein blue. The six �rst imageshave beenacquiredduring an initial visual servoing stepwherethe
objectis motionless.In thereminderimages,objectis moving alongwith therobot.




