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1. Introduction 

  

Robotic manipulators are typical application of multi-axis motion 

control system. It can be further divided into rotary type and 

Cartesian type. 

 

 

 

Rotary type of robotic arms 

 

Cartesian type of robotic arm, the Stanford arm 
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This is a typical position control block diagram of a Stanford arm. 

Note the function of the individual blocks. Feed forward algorithm is 

used extensively. Can you identify one of them? 

 

 

 

The feed forward mechanism 
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2. Relation between Cartesian Positions and Rotary Angles 

 

 6 joints, 6 degrees of freedoms 

 

 Defines by a Cartesian coordinates: described by a 

position vector p(t), an orientation vector (or approach 

vector) a(t), and a unit sliding vector s(t).  All these are 

referenced to base co-ordinates. 

 

 For convenience, it is sometimes expressed as a unit 

normal coordinate n(t), with a(t) and s(t) based on this 

vector.  

 

 Hence n(t)=s(t) x a(t) 

 

 

 



5.11.a – Multi-axes Issues (last updated: Nov 2020) 

Page 5 

  (1) 
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3. Robot Tasks Classification 

 

Simple tasks for robots - 4 classes of problems 
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4 distinct types of motion problems 

·        position control 

·        path tracking 

·        collision free path planning 

·        collision avoidance traveling 

Common high-level programming language for robots 

·        WAVE programming 

·        POINTY 

·        AUTOPASS 

·        AML 

·        RAPT 

·        No uniform language 

Optimization Control - extremely difficult, because 

·        Nonlinear dynamic behavior, centrifugal forces 

·        Strict constraints, restricted area 

·        Strict performance index 

Complicated Task – example 1 
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Complicated Task – example 2 

 

 
The “world” as known by the robot 

 

 

 

 
 

 

The robot assembly layout 
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4. Implementing Force Control in Robots 

 
The force sensing wrist 

 

 

 
The 6 degrees of freedom force sensor 
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Installing the sensors in the robot arm 

 

 
Position Control with torque sensing 
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5. Work Method Analysis 

 

WMA is a method of commanding the robot to do certain tasks, by 

learning from the human operator. 
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6. Robot Arm Kinematics 

·    The study of the geometry of motion of robot arms with respect 

to a fixed reference coordinate system, without regard to the 

forces/moments that cause the motion 

·    Direct Kinematics: forward solution; from joint angles to spatial 

coordinates 

·    Reverse Kinematics: arm solution, from spatial coordinates to 

arm angles 

 

  

Robot Arms Problems: Kinematics, Dynamics, and Control 

Kinematics - spatial transform between the robot joints and the work 

space 

Dynamics - formulation of robotics arms' equations of motions 

Control - maintain the dynamic response of a robot according to 

prescribed goals 
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Example of Kinematics Translation – Puma Manipulator Arm 
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7. Robot Trajectory Planning 
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8. Controller Design for Robots 
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Position Control and Hand Orientation 

 

 Fig 3 - a full blown position control system of one axis 

 
 

 

 Fig 8a - the basic position controller with position feedback 

 Fig 8b - the basic position controller with velocity and position 

feedback 

 Fig 8c - the revised and simplified block diagram of 8b, with 

loading disturbance added 
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Feedforward Compensation 

 

 

 Fig 10a - anticipated gravitational torque signal Ta +Td is added 

 Fig 10b - to reduce steady state velocity error, additional 

velocity feedforward Vd is added during ramping 

 Fig 10c - obtaining Vd from the input signal Xs 

 Fig 10d - schematic arrangement of feedforward compensation 

for the centrifugal force 

 Fig 10e - acceleration error feedforward compensation 

 Fig 10f - obtaining accelaretion from the command signal 
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Coupling between joints and compensation 
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