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 The gang of six

Control System with Multiple Inputs



Sensitivity Function 
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 Sensitivity is the ratio of the fractional change in the function to the fractional 
change in the parameter as the fractional change of the parameter approaches zero. 

 Alternatively, parameter 

sensitivity can be calculated

as follows:

Sensitivity Function 
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 The sensitivity function of a closed loop system 𝑇(𝑠) with respect to the plant transfer function 𝑃 𝑠
can be derived as follows:

• 𝑆 happens to be the transfer function from noise to output. 
• 𝑆 is the fundamental reason why negative feedback system is superior than an open loop control system, in a 

sense that when the plant parameters deviate over time, the output is minimally affected.

Sensitivity Function of a Closed Loop Control System



Error Signal Analysis 
(Reference tracking, disturbance rejection, and noise attenuation)
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 Review the problem formulation of a control system two 
input channels: the reference signal 𝑅(𝑠) and disturbance 
signal 𝐷(𝑠)

 For a step input of 𝐷 𝑠 =
ଵ

௦
the steady state error is 

(Review) Steady State Error due to Disturbance
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 For the problem shown in the right, can you design 
a cascaded compensator that eliminate the steady 
state error due to disturbance, 𝑒஽(∞)?
• The PI regulator can add an integrator in the feedback 

path of the closed loop system with disturbance as 
input and error as output, such that 𝐺ଵ 0 = ∞

Eliminating Steady State Error due to Disturbance
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 Revisit the serve control system. Four of the transfer functions are evaluated for frequency response:

Frequency Response of typical C.L. tf’s

figure(2)
C = CVL;
P = PclosedInner * PVL;

subplot(141); bode(C*P/(1+C*P)); grid; h1 = findobj(gcf,'type','line'); set(h1,'linewidth',2);
subplot(142); bode(1/(1+C*P)); grid; h1 = findobj(gcf,'type','line'); set(h1,'linewidth',2);
subplot(143); bode(P/(1+C*P)); grid; h1 = findobj(gcf,'type','line'); set(h1,'linewidth',2);
subplot(144); bode(C/(1+C*P)); grid; h1 = findobj(gcf,'type','line'); set(h1,'linewidth',2);
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 Example paper using frequency 
responses to evaluate a servo 
control system

Zuo et al., “Different Active Disturbance Rejection Controllers Based on the Same Order GPI Observer”, TIE, 2021

Frequency Response of typical C.L. tf’s
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 Two degree of freedom PI control is able to eliminate overshoot by equivalently making the 
reference tracking transfer function a first order system.

HARNEFORS et al.: SPEED CONTROL OF ELECTRICAL DRIVES USING CLASSICAL CONTROL METHODS, TIE, 2013

Two Degree-of-freedom Control
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