
Motion-Trajectory Planning in joints space



Trajectory Planning

The goal of trajectory planning is to generate the reference inputs to the motion control 
system which ensures that the manipulator executes the planned trajectories.

The user typically specifies a number of parameters to describe the desired trajectory. 

• Planning consists of generating a time sequence of the values attained by an interpolating function 
(typically a polynomial) of the desired trajectory

techniques for trajectory generation, 

1. in the case when the initial and final point of the path are assigned (point-to-point motion), 

2. in the case when a finite sequence of points are assigned along the path (motion through a 
sequence of points).
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Path and Trajectory

The minimal requirement for a manipulator is the capability to move from
an initial posture to a final assigned posture.

The transition should be characterized by motion laws requiring the actuators to exert joint 

generalized forces which do not violate the saturation limits and do not excite the typically 

modelled resonant modes of the structure. 

It is then necessary to devise planning algorithms that generate suitably smooth trajectories.













Path and Trajectory

A path denotes the locus of points in the joint space, or in the operational space, which the manipulator 

has to follow in the execution of the assigned motion; a path is then a pure geometric description of 
motion.

A trajectory is a path on which a timing law is specified, for instance in terms of velocities and/or 
accelerations at each point

A trajectory planning algorithm are the path description in terms of time sequence of the values attained 

by position, velocity and acceleration.
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Joint space trajectories



Joint Space Trajectories

A manipulator motion is assigned in the operational space in terms of trajectory parameters such as: 

• the initial and final end-effector pose, 

• possible intermediate poses, 
• and travelling time along particular geometric paths

If it is desired to plan a trajectory in the joint space, 

It is then necessary to resort to an inverse 

kinematics algorithm: 

• if planning is done off-line, or to directly measure 

the

above variables, 

• if planning is done by the teaching-by-showing
technique



Joint Space Trajectories
Example of teaching by demonstration

https://www.youtube.com/watch?v=eJCMyrCm_V0



Joint Space Trajectories

The planning algorithm generates a function q(t) in respect of the 

imposed constraints.

In general, a joint space trajectory planning algorithm is required to have 

the following features:

• the generated trajectories should be not computationally demanding,

• the joint positions and velocities should be continuous functions of time

• undesirable effects should be minimized, e.g., nonsmooth trajectories 
interpolating a sequence of points on a path.



Via points-time-trajectory

In generating a trajectory we have to specify multiple constraints. 
Usually are positions which are sequential VIA POINTS which must be reached in specific 
time instants Ti, in order to have a trajectory which responds to geometric and time 
specifications



Interpolating trajectories by polynimials

These are example of two trajectories generated by 4 points and using third order 
polynomials: to be noted that each point must be reached at a specific time and a specific 
velocity. These constraints will give the conditions to determine the coefficients of the 
polynomials. 































The end!


