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This research is about the control method of manipulator in eye-vergence visual servoing system and sensorless
grinding robot system.

In 3-D position/orientation measurement of an object and 6-DoF visual servoing, the proposed object tracking
method utilizes an evolutionary search technique of a genetic algorithm (GA) and a fitness evaluation based on stereo
model matching whose pose is represented by unit quaternion that has a merit of no representation singularities,
unlikely other representations. The convergence of the recognizing method is guaranteed by Lyapunov method. With a
common sense of feedback control, we stress that improvements of the dynamics of the sensing unit are important for a
stable visual servoing. We propose a method to improve dynamics in visual recognition, with compensating the fictional
motion of the target in the camera images based on kinematics of the manipulator, by extracting the real motion of the
target. We named it as hand-eye motion feedforward (MFF) method. The enhanced dynamics of recognition gave
further stability and precision to the total visual servoing system, evaluated by full 6-DoF servoing experiment using
7-link manipulator. The convergence time in step response was about 10[s] and precise visual servoing to a moving
target object has been achieved. Moreover, we propose a new two-way visual servoing method, named as hand &
eye-vergence visual servoing. This method includes two loops: an outer loop for conventional visual servoing that
directs a manipulator toward a target object and an inner loop for active motion of binocular camera for accurate and
broad observation of the target object. The effectiveness of the hand & eye-vergence visual servoing is evaluated
through simulations and experiments incorporated with actual dynamics of 7-DoF robot on the view points of how the
eye-vergence system improves the stability in visual servoing dynamics and the accuracy of hand pose.

The second part of the paper is concerned with a sensorless grinding robot system which is based on an analysis
of the interaction between a manipulator for grinding process and a working object in the task space. Motions of the
constrained dynamics of the robot are modeled first. In the model, the constrained forces are expressed in surface
constraint dynamics and hidden constraint dynamics that are dual system of each other. Using this result, a new
sensorless force control law is proposed by taking advantages of the redundancy of input generalized forces to the
constrained forces. A controller for a grinding robot is then constructed according to this control law and without
involving any force sensors, which includes geometric constraint condition, and the convergence of the controller is
proved in mathematics and confirmed by simulations.
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