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Materials used

• Chapter 4 Introduction to Robotics, John J. Craig

• Chapter 3, Fundamentals of Robotics, Analysis and Control, Robert 
Schilling

• Chapter 3, Introduction to Robotics, Saeed B. Niku
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IK of a three-axis articulated robot



IK of a three-axis articulated robot



IK of a three-axis articulated robot

DH parameters



IK of a three-axis articulated robot

Arm matrix



IK of a three-axis articulated robot

Tool configuration vector



IK of a three-axis articulated robot
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IK of a three-axis articulated robot



IK of a three-axis articulated robot

Complete solution



IK of a four-axis SCARA robot (ADEPT ONE)

» Arm matrix

» Tool configuration vector



IK of a four-axis SCARA robot (ADEPT ONE)

» Link coordinate diagram



IK of a four-axis SCARA robot (ADEPT ONE)



IK of a four-axis SCARA robot (ADEPT ONE)



IK of a four-axis SCARA robot (ADEPT ONE)



IK of a four-axis SCARA robot (ADEPT ONE)



IK of a four-axis SCARA robot (ADEPT ONE)

Complete solution



IK of PUMA 560

» Algebraic solution

» inverse of first frame



IK of PUMA 560

» Forward kinematics solution



IK of PUMA 560

» By comparing (2,4) on both sides

» To solve an equation of this form, we make 

the trigonometric substitutions



IK of PUMA 560

» Using difference of angles



IK of PUMA 560

» Equating (1,4)

» Equating (3,4)



IK of PUMA 560



IK of PUMA 560



IK of PUMA 560

» Equating (1,4) and (2,4) from both sides

» Solve both equations simultaneously



IK of PUMA 560

» Denominators are positive and equal

» Equating (1,3) and (3,3)



IK of PUMA 560

» Denominators are positive and equal

» Equating (1,3) and (3,3)



IK of PUMA 560



IK of PUMA 560

» Equating (1,3) and (3,3)

» Equating (3,1) and (1,1)



IK of PUMA 560



Differential Motions and 
Velocities

Chapter 3, Introduction to Robotics, Saeed B. Niku



Differential Motions and Velocities

» Differential motions are small movements of

mechanisms (e.g., robots) that can be used to

derive velocity relationships between different

parts of the mechanism.

» A differential motion is, by definition, a small

movement. Therefore, if it is measured in—or

calculated for—a small period of time (a

differential or small time), a velocity

relationship can be found.



Differential Relationship



Differential Relationship



Jacobian

» Representation of the geometry of the elements of a

robot mechanism in time

» Relationship between the individual joint motions and

overall mechanism motions



Jacobian



Jacobian



Differential Motions of a Frame versus a Robot

Differential motions of a frame, 

Differential motions of the robot joints and the end- plate, 

Differential motions of a frame caused by the differential 

motions of a robot.



Differential Motions of a Frame

Differential motions of a frame can be divided into the 

following

» Differential translations,

» Differential rotations

» Differential transformations (combinations of translations 

and rotations)



Differential Translations

A differential translation is the translation of a 

frame at differential values. Therefore, it can 

be represented by Trans(dx, dy, dz). This 

means the frame has moved a differential 

amount along the x-, y-, and z-axes.



Differential Translations

E 3.2: A frame B has translated a differential 

amount of Trans(0.01, 0.05, 0.03) units. Find 

its new location and orientation.



Differential rotations about the reference axes



Differential rotations about the reference axes



Differential rotations about the reference axes



Differential rotations about a general axis k



Differential transformation



Differential Transformation of a frame



Differential Transformation of a frame



Differential transformation of a frame



Thank you!
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