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Remarks on generation of trajectories

The trajectory with n DOF is a parameterized function q(t) with values in its motion region. The trajectory q(t) of a robot with
n DOF is then a vector of n parameterized functions 𝑞𝑖(t), i ∈ {1 . . . n} with one common parameter: 
q(t) = [𝑞1(𝑡), 𝑞2(𝑡), . . . , 𝑞𝑛(𝑡)]

𝑇

• A trajectory is Ck-continuous, if all derivatives up to k-th (inclusively) exist and are continuous. 
• A trajectory is called smooth, if it is at least C2-continuous. 
• The first derivative of trajectory related to the time (  𝑝(x)) is the velocity 
• The second derivative of trajectory related to the time (  𝑝(x)) is the acceleration 
• The third derivative of trajectory related to the time ( 𝑝 (x)) is the jerk 
• The smoothest curves are generated via infinitly often differentiable functions. e.g. e(x) , sin(x), and log(x) (for x > 0). 
• Polynomials are suitable for interpolation (problem: oscillations caused by a degree that is too high). 
• Piecewise polynomials with specified degree are applicable: cubic polynomial, splines, B-Splines etc. 
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Trajectory planning

Plan a cubic spline trajectory q(t) that interpolates the following data at given time instants:

𝑡1= 1, q(𝑡1) = 45◦ , 𝑡2= 2, q(𝑡2) = 90◦ , 𝑡3= 2.5, q(𝑡3) = −45◦ , 𝑡4= 4, q(𝑡4) = 45◦

starting with  𝑞(𝑡1) = 0 and arriving with  𝑞(𝑡4) = 0. 

• Give an expression and the associated numerical values of the coefficients of each cubic polynomial. 

• Find the maximum (absolute) values attained by the velocity  𝑞(t) and the acceleration  𝑞(t) over the whole motion 

interval [t1, t4], as well as the time instants at which these occur. 

• Check if the following bounds are satisfied throughout the motion, |  𝑞(t)| ≤ Amax = 1000◦/𝑠2 , and, if needed, 

determine the minimum uniform scaling factor for the trajectory so that feasibility is recovered.
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