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Zeros and Step Response Characteristics in LTI SISO Systems

o] & &

(Sang-Yong Lee)

Abstract: This paper deals with the relationship between zeros and step rtesponse of the second and third order LTI(Linear
Time Invariant) SISO(Single-Input and Single-Output) systems. As well known, if a system has a single unstable zero, it shows
the step response with undershoot and, on the other hand, a stable zero slower than the dominant pole causes the system to
have the step response with overshoot. Generally, in the case of a system with two unstable real zeros, it is known to have B
type undershoot[7]. But there are many complex cases of the step response extrema corresponding to zeros location in third
order systems. This paper investigates the whole cases depending on DC gains of the additive equivalence systems and they are
to be classified by the region of zeros which are related to the shape of the step response. Moreover, monotone nondecreasing
conditions are proposed in the case of complex conjugate zeros as well as the case of two stable zeros.
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Table 1. Cases of the subsystem DC gains.
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Table 3. Cases of the DC gain of the subsystems.

Case # a, § a, 3% a; 3%
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Fig. 3. Line segments of the real axis by poles and origin.
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Fig. 4. Pole-zero map and step response with two local extrema.
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