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Dynamic Threshold and Contour Detection: A more Robust Visual Centroid Recognition♦ A. Soria♣, W. Ortmann *, P. Wiederhold & R. Garrido.



Departamento de Control Automático. Centro de Investigación y Estudios Avanzados del IPN. México D.F., México. *Faculty of Mathematics and Informatics, Friedrich Schiller University, Jena, Germany Abstract: We present a robust centroid detection algorithm based on contour shape properties. This algorithm is applied to a gray level image under different illumination conditions in a visual servoing control architecture. Experimental results using a 2dof planar robot are presented. 1. Introduction In most of the Visual Servoing published works (cf. [HASHIMOTO], [HUTCHINSON], [CORKE], [KELLY]) centroid estimation is performed using fixed binarization thresholding for centroid calculation. In this case, the environment and/or the robot itself are built to allow a high contrast between the background and the robot end effector. Using binarization, two extreme gray levels for the foreground and the background are obtained. The end effector centroid is calculated using all the foreground pixels. In this case, there is no way to distinguish if a pixel in the foreground corresponds to the end effector. This approach heavily depends on the illumination conditions and the binarization threshold (cf. [CORKE]).



for visual servoing of robot manipulators evolving in more realistic illumination conditions where it is not always possible to manipulate the environment. In this paper we propose the use of a dynamic binary thresholding in conjunction with a contour extraction method to select the pixels that will be used in the determination of the end effector position in a 2dof robot, using centroid calculation in a visual servoing control framework. The paper is organized as follows, Section 2 describes the proposed dynamic binary thresholding and the contour extraction and selection. Section 3 presents the PD visual servoing control algorithm. In section 4 we show some experimental results on a 2dof planar robot. The paper ends with some concluding remarks.



This lack of robustness against illumination changes hampers the application of visual servoing techniques inside industry. It is then natural to ask for more robust centroid detection algorithms
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2. Dynamic Binarization Thresholding, Contour Extraction and Selection. From the histogram of the gray level image, a binarization threshold t is determined by the well known method of [OTSU]. Beginning with an appropriate contour starting point, the contour is determined by a classical contour following algorithm (cf. [VOSS/SUESSE]). Once a contour is found, the properties length, area and form factor (area/length) are calculated. These properties are then used to select the contour that matches the 2dof robot end effector characteristics. A contour is selected if the values of length, area, form factor are within manually determined intervals. These intervals will allow the selection of a contour that approaches the end effector characteristics. With the selected contour, the centroid is then calculated using the moments m00, m01 and m10 : m pq = ∑∑ X pY q I ( x, y )



(1)



R



Here, I ( X , Y ) is 0 or 1, taking all the pixels within the contour, centroid is given by:



Xc =



m10 m00



Yc =



m01 m00



(2)



It is worth remarking that the robot end effector is attached with a black circle. 3. PD Visual Servoing Control A PD visual servoing control was used with an image-based look-and-move (cf. [WEISS]), then a 2dof robot (cf. [GARRIDO]) is controlled using both visual and joint information. The robot set-up was tested using the algorithm proposed in (cf. [KELLY]). The control law is:



τ = J T ( q) R(θ ) K p ~x − Kd q& + g (θ )



(3)



where J(q) is the robot Jacobian matrix, R(θ) is the camera rotation matrix, Kp and Kd the proportional and derivative gains, ~x = xd − x , the error in the image plane, xd and x the desired and actual



position vectors in the image plane, q the vector of joint derivatives and g(θ) the gravity compensation. Visual feedback is used for the proportional part and damping is added using joint measurements as well for the calculation the robot Jacobian matrix. 4. Experimental Results Image acquisition and processing is performed using a Pentium based computer running at 1 Mhz under Windows NT 4.0. For image acquisition we use a Dalsa digital camera CA-1D-128A. This camera is connected to the vision computer trough a National Instruments PCI 1422 interface card. Image processing was done using C++ language and is based on the image processing library ICE and DIAS environment developed by the Image Processing Group of the Faculty of Mathematics and Informatics, Friedrich Schiller University, Jena Germany. Figure 1 shows the result of applying Otsu’s method and then finding the contours. We used three illumination conditions: low, intermediate and high. The contours are marked over the gray level image so that the illumination level can be noticed at the same time as the contour detection. The contour that corresponds to the 2dof robot end effector is marked darker than the other contours found. Figure 2 shows the control results for the three illumination conditions corresponding to illumination conditions a), b) and c) of figure 1. The initial large change in the end effector coordinates X and Y, is due to the fact that the visual position determination is used from the beginning of the control at time 0. The X position is very similar in the three illumination conditions. For the Y position, it can be noted in figure 2 that b) and c) are very similar and a) slightly different. This difference is due to the use of large matching characteristic intervals for the area, length and form factor. However, if these intervals are excessively narrow, some centroids will be missed, so we tolerate some noise rather that missing a



centroid that will cause the robot to go out of control. It is interesting to note that the initial control in figure 2 a) and b) is different from c) because the configuration that the robot takes in a) and b) is an “elbow up” and in c) is an “elbow” down. 5. Conclusions In this paper we presented de use of Otsu’s dynamic binarization thresholding method for robust centroid detection for visual servoing. We employ a contour following method to select the pixels for centroid calculation. Further work will aim to propose a method to achieve a closer and automated matching of end effector characteristics with the contours found that may result in reducing low illumination centroid detection noise. References [CASTILLO] CASTILLO, P.- Plataforma de control visual para servomecanismos. M. Sc. Thesis. México : Departamento de Control Automático CINVESTAV-IPN, 2000. [CORKE] CORKE, P.- High Performance Visual Servoing. Taunton Somerset England: Research Studies Press, 1996. [GARRIDO] GARRIDO, R.; SORIA, A.; CASTILLO, P. & VÁZQUEZ, I.- “A Visual Servoing Architecture for Controlling Electromechanical Systems. [Proc.] of the 2001 IEEE International Conference on Control Applications (September 5-7, Mexico). New York: IEEE, 2001. [HASIMOTO] HASIMOTO, K. & KIMULRA, H. - “LQR Optimal and Non-Linear Approaches to Visual Servoing”. In HASHIMOTO, K. (Ed.).- Visual Servoing. Singapore: World Scientific, 1993. [HUTCHINSON] HUTCHINSON, S.; HAGER, G. & CORKE, P. - “A Tutorial on Visual Servo Control”.- IEEE Trans. On Robotics and Automation. Vol. 12, Nº 5. October, 1996. pp. 651-670.
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a) Low Illumination
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b) Intermediate Illumination
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c) High Illumination Figure 1. Centroid detection using contours on a gray level image with three different illumination conditions.



Figure 2. Control results with three different illumination conditions.
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Dalsa digital camera CA-1D-128A. This camera is connected to the vision computer trough a National Instruments PCI 1422 interface card. Image processing was done using C++ language and is based on the image processing library ICE and DIAS environment developed by the Image. Processing Group of the Faculty of. 
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