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Project Tasks 
 
1. Consider the overdamped second order circuit shown below: 

 

 
10 ; 50C F R k= =   

 

Determine the transfer function 
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1 All derivations and design calculations should be inserted in the text boxes provided. Handwritten 
equations are acceptable.  Please indicate final answers with numerical numbers (instead of R and C). 
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Determine the state space representation   
( ) ( ) ( )
( ) ( )

x Ax B
Cx

t t u t
y t t

= +
=

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Determine an analytical expression for the step response ( )stepy t  
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2.  Build the circuit with the LMC6484 op amp (data sheet in class directory) and 
measure the open loop step response experimentally by coding the Arduino Uno 
microprocessor to interface with the circuit. 
 
Insert a fully labeled experimental open loop step response plot for a 2.5V step input2 
with an overlay of the analytical step response from part 1 
 
 (insert figure here) 
  

 
2 All plot figures submitted in this workbook must be fully labeled with title, axis labels, and legends for 
multiple plots.  The quality of the figures will be considered a part of the assessment. See the plot examples 
in the “Using the Arduino Uno as a digital controller” tutorial document 
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3.  Design a unity feedback continuous-time closed loop system for the circuit (plant) 

with a PI compensator ( ) i
p

KC s K
s

= +  for 70o phase margin and crossover frequency  

1 /co rad s = .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 unityfeedbackclosed loopsystemwith PI compensator
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4.  Build a SIMULINK model for digital PI control of the circuit with a saturated control 
0 5u V  and sample time 0.1T s=  

 
Simulink =>Discrete =>Discrete Transfer Fcn.   Sample time=> T 
Simulink =>Discrete =>Zero-Order Hold.   Sample time=> T 

 
Emulate (discretize) the PI compensator from part 3 using the backward differencing 
method.  
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Insert a fully labeled simulated closed loop step response plot of the digital control 
system for a 2.5V step reference input [ ]r n . Design for a phase margin 70o

m =  at 
crossover frequency  1 /co rad s =   Plot both the response ( )y t  and the control input 

( )u t  on the same figure. 
 
(insert figure here) 
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5.  Program the discrete PI closed loop control for the LMC6484 op amp circuit  
Insert a fully labeled experimental closed loop step response plot for a 2.5V step 
reference input, with an overlay of the simulated step response from part 4. 
Plot both the response [ ]y n  and the control input [ ]u n  on the same figure. 
 
(insert figure here) 
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Complete a table of trials of values of design parameters ,m co   with the resulting 
experimental values of 1% settling time settlingt ; peak overshoot pM ;  steady state error 

sse  and the summation of the absolute deviations of the control input from the final 

steady state control input 
0

[ ] ss
n

U u n u


=

= −  where lim [ ]ss n
u u n

→
= .   

 
m  co  settlingt  pM  sse  

0
[ ] ss

n
U u n u



=

= −  

70 1     
      
      
      
      
      

 
  

sec
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Note we tried all possible combinations and variations of 0mand
who but were not able to get a trial that met the required
specifications We spent around 10 hours trying to do this butwere still unsuccessful we noted the closest trial to meetingthe specification above
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6. Design an observer-based discrete-time state feedback control of the circuit (plant) 
 

• Determine the equivalent discrete-time state space description of the plant for a 
sample period 0.1T s=   Use MATLAB c2d command. 

[ 1] [ ] [ ]
[ ] [ ] [ ]

d d

d

x A x B
C x d

n n u n
y n n D u n

+ = +

= +
 Record , ,d d dA ,B C dD  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Design a full state feedback controller to minimize the objective function: 

( )2 2 2
11 1 22 2

0

1 [ ] [ ] [ ]
2 n

J Q x n Q x n u n


=
= + + with  11 22100; 1;Q Q= =  

Use MATLAB dlqr command . Record the full state feedback gain vector K and 
the discrete-time closed loop poles  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

  
 

used continuous state space and cza command on Matlab to get

A

B
L

Ca i 0

Da O

usingmatlab's dlar command diar Aa Ba Q Rl

A a

we got the following

K 6.5003 1.2703

95 90Mfoles Pi 2 0.7548 0.1323J
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• Select the reference gain rK  for zero steady state error to a constant reference 
input. Record rK   
 
 
 
 
 
 
 
 
 

 
• Design an observer with pole locations at twice the speed of the closed loop poles 

Record L and the observer  poles  
 

 
    

 

  
 
calculated Kr on matlab using the following equation

ca Dak LI Ad Bak Ba Dd

Kr 8.7706

4492gobserver polesto be twice as fast as discrete timeclosedloop

observer poles 0.3774 0.0661

usingplacecommand in Matlab to find L

c is o
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7.  Build a SIMULINK model for observer-based state feedback control of the circuit 
with a saturated control 0 5u V   

 
 

 
Simulink =>Gain =>Multiplication=>Matrix(K*u) 
Simulink =>Discrete =>Unit Delay.   Sample time=> T 
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Insert a fully labeled simulated closed loop step response plot of the digital control 
system for a 2.5V step reference input [ ]r n . Plot both the response ( )y t  and the control 
input ( )u t  on the same figure. 

 
(insert figure here) 
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8.  Program the observer-based state feedback control for the LMC6484 op amp circuit  
Insert a fully labeled experimental closed loop step response plot for a 2.5V step 
reference input, with an overlay of the simulated step response from part 7 
Plot both the response [ ]y n  and the control input [ ]u n  on the same figure. 
 
(insert figure here) 
 
 
 
 
  

Note both are plots of experimental you and usn overlayed
with the simulated yet and act we included a line plot
to better visualize the oscillations in experimental ucn
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Complete a table of trials of values of design control parameters 11 22,Q Q  with the 
resulting experimental values of 1% settling time settlingt ; peak overshoot pM ;  steady 

state error sse  and the summation of the absolute deviations of the control input from the 

final steady state control input 
0

[ ] ss
n

U u n u


=

= −  where lim [ ]ss n
u u n

→
= .   

 
11Q  22Q  settlingt  pM  sse  

0
[ ] ss

n
U u n u



=

= −  

100 1     
      
      
      
      
      
      
      

 
  

2.75 0 29.4814
100 100 7.225 0.4381 0 8.2836
1 100 13.15 0.43831 0.01 7.0455
50 50 7.025 0.40161 0.01 16.5991
300 5 2.35 0.94681 0 31.23

These trials met the requiredspecifications of all peak
overshoot zero steady state error and 4sec settlingtime
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9. Insert a short (1 page) discussion of your rationale for the choice of the control 
parameters and the effect of your choices on the experimental results  
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10.  Insert a short (1 page) discussion of the sources of error between the simulated and 
experimental step response results    
 


