Overview of Robotics
In industrial robot control, it is actually the EEF’s position, velocity, and acceleration to be controlled – through control the position, velocity, and acceleration of each joint.  In other words, joint position, orientation, and velocity, etc. determine the position, orientation and velocity of the EEF.

If we want a robot to do something for us, say to move an object from one location to another, how many things we need to know? Please see the overview of the following chapters. 
Terminology

Ch 1 (P1-18): Introduction 
-- What is a Robot

-- History

-- Robot Components (base, joints, links, end-effector/hand/gripper)

-- DOF

-- Types of Robots

-- Applications 

Description of Location
Ch 2 (P19-61): Spatial Descriptions and Transformations 

Location = Position+ Orientation

-- Set up coordinate systems or frames (Base Frame/Space, Joint Frame/Space, Tool Frame/Space)

-- Frame/Coordinate Transformation

-- Position description each joint and end-effector 
-- Orientation description of each joint and end-effector 
-- Homogeneous transform matrix
-- Changing description from frame to frame
Forward Kinematics
Ch. 3 Manipulator Kinematics (P62-100) --  Forward Kinematics 
Also called Forward Kinematics or Direct Kinematics.
To compute the position & orientation of the end-effector of the robot related to the base frame.


            Forward Kinematics of Robots

Inverse Kinematics
Ch. 4 Inverse Manipulator Kinematics (P101-134)
Knowing the position & orientation of the end-effector, what is the location of each joint should be to result in such an EEF location? (maybe many solutions, one solution, or no solution)

Inverse Kinematics of Robots

-- Many solutions (due to many different configuration to achieve the same position and orientation of the EEF.
-- No solution (due to the workspace limitation.

           (a field of robotics research)


Velocities & Static Forces (forces under low speed)
Ch. 5 Jacobians: Velocities and Static Forces (P135-164)

How fast a manipulator moves is another topic Jacobian is a linear mapping between the joint velocities and the EEF velocities.
Static forces: manipulators may move through at a very low velocity, or sometimes they hold a workpiece. What joint torques are required to hold a part so that it will not drop during the motion of manipulator. 

For Prismatic Joint -- Force
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For Revolute Joint -- Torque
Forces and Accelerations
Ch. 6 Manipulator Dynamics (P165-200)

Deals with the mathematical formulation of the motion eqns of the manipulator.
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Two problems are involved:





Inverse Dynamics: for control
Forward Dynamics: for simulation 

A typical process is: 
-- accelerate a manipulator from rest

-- slide at a const velocity

-- decelerate the manipulator to stop
In order to produce proper acceleration, you have to determine how much the torque should be at each join actuator. This is the task of dynamics.
Which path with what velocity and acceleration?
Ch. 7 Trajectory Generation (P201-229)

How a manipulator moves from a starting point to an end point is called trajectory of manipulator, including position, profile, velocity profile, and acceleration profile.  Thus, trajectories are the time history of position, velocity, and acceleration.
Others
Other Topics: Robot Sensing and Actuating, Control and Programming

Ch. 12 Robot Programming Languages and Systems (P339-352)

Ch.9 and 12 will be combined together when do real-robot control.

Ch. 8 Manipulator-Mechanism Design (P230-261) -- skip

Ch. 9 Linear Control of Manipulator (P262-289) -- skip

Ch. 10 Nonlinear Control of Manipulators (P290-316) -- skip
Ch. 11 Force Control of Manipulators (P317-338) -- skip

Ch. 13 Off-line Programming Systems (P353-371) -- skip

Known joint variables (angles, link lengths)





Find position & Orientation of  the EEF. 





Unique Solution !!!





Known position & Orientation of the EEF. 





Find joint variables (angles, link lengths)





Inverse Dynamics








Joint torques or forces





Joint Displacement, velocity, and acceleration





Forward Dynamics
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