FIGURE 4.1 A closed-loop system.
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FIGURE 4.2 An open-loop system with a disturbance input, T,(s). (a) Signal-flow graph. (b) Block diagram.
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FIGURE 4.3 Open-loop control system (without feedback). (a) Signal-flow graph. (b) Block diagram.
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FIGURE 4.4 A closed-loop control system. (a) Signal-flow graph. (b) Block diagram.
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FIGURE 5.6 Step response of a second-order system.
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A

setpoint —>+ controlled
| ' variable (e.g.,
position or
velocity)

In regulator systems the load varies and the setpoint is fixed.

In tracking or servo systems the load if fixed and the setpoint
varies



Error constants

= Step-error (position-error) constant
Kp := lim G(s)

s—0

Ramp-error (velocity-error) constant
Kfv = Iim SG(S)

s—0

= Parabolic-error (acceleration-error) constant

a = lim 82G(S)

s—0
= Kp, Kv, Ka : ability to reduce steady-state error
(uditote &
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FIGURE 5.18 Block diagram of steering control system for a mobile robot.
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FIGURE 5.19 Triangular wave response.
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= BIBO (leundad—-lnput-lounded—Output) stability :
Any bounded input gen bounded output.

= Asymptotic stability :
Any ICs generates y(t) converging to zero.
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Table 6.1 The Routh-Hurwitz Stability Criterion

n Characteristic Equation Criterion

2 s*+bs+1=0 b>0

3 P+bs>+es+1=0 be =1 =10

4 s*+bs+cs*+ds+1=0 bed — d*> — b*> > 0

5 +bs*+ces®+ds*+es+1=0 bed + b — d?> — b% > 0

6 s°+bs’ +est+ds®+es>+fs+1 =0 (bed + bf — d*> — b%e)e + b’c — bd — bc*f — f* + bfe + cdf > 0

Note: The equations are normalized by (w,)".
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