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ABSTRACT

This research presents development of machine vision systems on object
classification and measurement for robot manipulation. Firstly, a machine vision
system for the automatic metal part classification and measurement process is
developed under different lighting conditions, and has been applied to the operation
of a robot arm with 6 degrees of freedom (DOF). In order to obtain accurate
positioning information, the overall image is captured by a CMOS camera which is
mounted above the working platform. The effects of back-lighting and front-
lighting conditions to the proposed system were investigated. With the front-
lighting condition, four different conditions were performed. For each condition,
global and local threshold operations were used to obtain good image quality. The
relationship between the image coordinates and the world coordinates was
determined through Zhang’s method, the linear transformation and the quadratic
transformation during the calibration process. Experimental results show that in a
back-lighting environment, the image quality is improved, such that the positions of
the centers of objects are more accurate than in a front-lighting environment.
According to the calibration results, the quadratic transformation is more accurate



than other methods. By calculating the calibration deviation using the quadratic
transformation, the maximum positive deviation is 0.48 mm and 0.38 mm in the X
and Y directions, respectively. The maximum negative deviation is -0.34 mm and
-0.43 mm in X and Y directions, respectively. The proposed system is effective,

robust, and can be valuable to industry.

The second, a machine vision system for color object classification and
measurement process for robot arm with six degree of freedom (DOF) is developed.
In order to obtain accurate positioning information, the overall image is captured by
a double camera C615 and a camera C525 which are mounted above the working
platform. The relationship between the image coordinate and the world coordinate
is performed through calibration procedure. The quadratic transformation and
generalized perspective transformation algorithms were used to transform
coordinates in 2-D and 3-D calibration process, respectively. According to
calibration results, with 2-D calibration, the positive maximum deviation is 1.29
mm and 1.12 mm in X and Y directions, respectively. The negative maximum
deviation is -1.48 mm and -0.97 mm in X and Y directions, respectively. With 3-D
calibration, the deviation is 0.07 mm, -0.418 mm, and -0.063 mm in X, Y and Z
directions, respectively. The proposed system can catch the three dimensional
coordinates of the object and perform classification and assembly automatic

operations by the data from visual recognition system.

Keywords: machine vision, robot arm, camera calibration, image analysis, object

recognition, lighting source.
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