ECE410 Lab 3 Report Format

Cover Page:

· Title and course number

· Names and student numbers

· Lab date

· Submission date

Note:

· Only one report per group

· Both hand-written and typed reports are acceptable

· Do not use a lab book for the report

· Lab is due 2 weeks after your lab session

1. Introduction

· Introduction and a brief explanation of the lab purpose

2. Lab Preparation 

· Nonlinear state-space system model


[image: image1.wmf]x

&

= f(x,u) =  ?


y = g(x) = ?
· Linearized system model

(A,B,C,D) = (all matrices in terms of operating point 
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· What is or what are the equilibrium point(s)?


[image: image3.wmf])

θ

,

θ

,

r

(

0

0

0

&

&

 = ?


[image: image4.wmf])

r

(

u

0

0

 = ?
· Controllability of system (use given numerical parameters): Qc matrix, rank of Qc, is the system controllable?

· Observability of system (use given numerical parameters): Qo matrix, rank of Qo, is the system observable?

· State-feedback controller gain:


K = ?

· State-space model of closed loop system (i.e. plant + controller + observer)
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· Compensator transfer function C(s) = 
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  (i.e. controller + observer)
C(s) = (Symbolically in terms of A,B,C,K,L)
3. Experiment

a) Controller and observer design:

· Controller and observer gains from MATLAB

K = ?

L = ?

· Closed loop eigenvalues

	eig(A-BK)
	eig(A-LC)

	
	


· Compensator transfer function from input 
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C(s) = ?

· poles and zeroes of the transfer function (Are they expected ?)
	Open loop poles

	


b) Step response of linear system
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	State-feedback poles:
	Observer poles:

	
	


· Do the two simulations differ? Why or why not? 
c) Closed loop step response of nonlinear system 
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	State-feedback poles:
	Observer poles:
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· How do the results compare to that of part (b)?

d) Optimal controller and linear step response

· What is your optimal controller:

Q = ?

R = ?

	State-feedback poles:
	Observer poles:
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· How does the response compare to part (b)?

e) Optimal controller and nonlinear step response
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· How does the results compare to part (b)?

4. Summary or Conclusion

5. MATLAB scripts and simulink diagrams for parts 

(a) – (e)




Plot 1: Position of ball vs. Time





Ball position r(t) for observer IC � EMBED Equation.DSMT4  ���





Ball position r(t) for observer IC � EMBED Equation.DSMT4  ���





Reference signal rd(t)











Plot 2: Angle of beam vs. Time





Beam angle θ(t) for observer IC � EMBED Equation.DSMT4  ���





Beam angle θ(t) for observer IC � EMBED Equation.DSMT4  ���





Reference signal rd(t)











Plot 2: Angle of beam vs. Time





Beam angle θ(t) for observer IC � EMBED Equation.DSMT4  ���





Beam angle θ(t) for observer IC � EMBED Equation.DSMT4  ���





Reference signal rd(t)











Plot 1: Position of ball vs. Time





Ball position r(t) for observer IC � EMBED Equation.DSMT4  ���





Ball position r(t) for observer IC � EMBED Equation.DSMT4  ���





Reference signal rd(t)











Plot 3: Nonlinear & Linear vs. Time





Ball position r(t), and beam angle θ(t) of linear step response for zero observer IC





Ball position r(t), and beam angle θ(t) of nonlinear step response for zero observer IC








Plot 1: Step Response of linear system





Ball position r(t)


 


Beam angle θ(t) 





Reference signal rd(t)











Plot 2: Nonlinear & Linear vs. Time





Ball position r(t), and beam angle θ(t) of linear step response produced using optimal controller





Ball position r(t), and beam angle θ(t) of nonlinear step response produced using optimal controller
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