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Important concepts, symbols, and equations

First-order error dynamics
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standard first-order form



Important concepts, symbols, and equations (cont.)

First-order error dynamics
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!" 0 = 1



Important concepts, symbols, and equations (cont.)

Second-order error dynamics
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standard second-order form



Important concepts, symbols, and equations (cont.)

Second-order error dynamics
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Important concepts, symbols, and equations (cont.)
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solve for c1 and c2 using 
!" 0 = 1, !̇" 0 = 0



Important concepts, symbols, and equations (cont.)
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Important concepts, symbols, and equations (cont.)
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cos−1(!)



Important concepts, symbols, and equations (cont.)
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When controlling a robot joint, what do b, k, and ! usually correspond to?

How do you change ! to decrease settling time?  k, b?

How do you change ! to decrease overshoot? k, b?
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Shown are one of the roots of five different
second-order systems, A, B, C, D, and E.
List them in the following orders:

1. Natural frequency, highest to lowest.
2. Damped natural frequency, highest to lowest.
3. Damping ratio, highest to lowest.
4. Overshoot in unit step error response, highest to lowest.
5. Settling time, longest to shortest.

Which has the “best” transient response?


