Potential Questions for the Final Exam — 332: 416 Control Systems Design
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Presentdiscrete-timelinear observergCN, pages-2 to —1).

Stateand presentthe solution to the deterministiccontinuous-timeinear optimal regulator problem (GL96,
441-443and classnotes=CN,page0).

For a continuous-timelinear stochasticsystemdriven by a zero-meanstationary Gaussianstochasticwhite
noiseprocessderive the expressiorfor the statemean. Define the statevarianceand write the statevariance
equation(GL96, pages437-439).

Find the meanof statevariablesfor a discrete-timesystemdriven by white noise. Derivethe varianceequation
of a discrete-timeinear systemdriven by white noise(GL96, pages439—-440and classnotes).

Formulatethe Kalman filtering problem, presentits solution and draw the correspondingblock diagram.
(GL96, pages444-447).

Explain the techniquefor linearizationof nonlinearsystemsaboutnominal points (GL96, pages22—-28).

Describethe methodfor controlling nonlinear systemsthrough linearizationabout set points and draw the
correspondingblock diagram(F96, pages98-101, distributed with Project#4).

Define systemequilibrium points (CN, pagesl-2).

Explain nonlinearphenomenaalled: finite escapeime and existenceof harmonicsand subharmonicsand
comparethemto the correspondingphenomenaf linear systems(CN, pages2-3).

Presentall possibleshapedor statetrajectoriesof second-ordelinear time invariantsystemgCN, pages4-7).
Define the limit cycle of nonlinearsystems(CN, page8).

Explain chaosas a phenomenorcharacterizingcertainbehaviorof nonlinearsystemsCN, pages9-10).

Statethe first methodof Lyapunovfor examiningstability of nonlinearsystemsby using the linearization
technique. Apply it to a simple pendulum(CN, pages12-13).

Define preciselystability in the senseof Lyapunov(CN, pages10-11).

Presenthe secondstability methodof Lyapunovbasedon the existenceof Lyapunovfunctionsanddemonstrate
it on a simple pendulumequation(CN, pages13-15).

Apply the secondstability methodof Lyapunovto a linear time invariant continuous-timesystemand derive
the algebraicLyapunovequation(GL96, 179-181,and Definition C.1 on page475).

Apply the secondstability methodof Lyapunovto a linear time invariantdiscrete-timesystemand derive the
algebraicLyapunovequation(GL96, 182—-183,and Definition C.1 on page475).

Derive the least-squardormula for identification of coeficients of discrete-timetime-invariant n-th order
linear systems(GL96, pages450-452).

Explain the describingfunction methodfor studying periodicity (limit cycles) of linear systemswith static
nonlinearities(F96, pages57-62, distributed in class).

Definethe characteristi@quationfor linear systemsawith staticnonlinearitiesanddemonstrat@n a very simple
examplehow to find the frequencyand magnitudeof oscillations(CN, page16).

Using the Nyquist diagramexplainthe methodfor examiningstability of limit cycles(CN, pagesl7-18).

Explain the passivity propertyof linear electricalnetworkscontaininga nonlinearresistorand explainhow to
usethis propertyfor studyingstability of control systems(CN, pages19-21).

Presenthe extendedinearizationtechniquefor control of nonlinearsystemsCN, pages22—-23).
Presenthe feedbackinearizationtechniquefor control of nonlinearsystemsCN, pages24-25).
Presenbbserverdor nonlinearsystemsand draw the correspondindlock diagram(CN, pages26-28).

Presenthe extendednonlinear)Kalmanfilter and draw the correspondindlock diagram(CN, pages30-31,
disctributed in class).



Variance Derivations in Question #4, see also (10.25)

z(k+ 1) = Az(k) + Guw(k)
m(k+ 1) = Am(k)

Subtractingthe secondequationfrom the first one we have
ek +1) —m(k+1) = A(x(k) — m(k)) + Guw(k)

The varianceis definedby

= E{ (e (k) — m(k))(a (k) — m(k))" }

which implies

QU +1) = E{(2(k + 1) — m(k + D)(a(k + 1) — m(k +1))" }

- E{{A( ( )~ m(k)) + Gk )][A(m(k) — m(k)) + Gu(k)]" }
= E{A(x(k) — m(k))(2(k) — m(k))AT} + E{Gu(k)uT (k)G }
= AQ(k)AT + GWGT =Q(k+1)

Note thatdueto the fact thatthe white noiseprocesss uncorrelatedvith the statevariablesthe crossproductterms
are zero, thatis E{(z(k) — m(k))uwT(k)} = 0 = E{w(k)(;c(k) - m(k))T}

Sample Final Exam — 332: 416 Control System Design

Answer questions 1 and 11, and any eight out of the remaining nine questions.

Stateand presentthe solutionto the deterministiccontinuous-timdinear optimal regulatorproblem.
Explain the techniquefor linearizationof nonlinearsystemsaboutnominal points.

Explain nonlinearphenomenaalled: finite escapeime and existenceof harmonicsand subharmonicsand
comparethem to the correspondingphenomenaf linear systems.

Presentall possibleshapedor statetrajectoriesof second-ordefinear time invariant systems.

5. Statethe first methodof Lyapunovfor examiningstability of nonlinearsystemsby using the linearization
technique. Apply it to a simple pendulum.

6. Presenthesecondstability methodof Lyapunovbasedon the existenceof Lyapunovfunctionsanddemonstrate
it on a simple pendulumequation.

7. Apply the secondstability methodof Lyapunovto a linear time invariant continuous-timesystemand derive
the algebraicLyapunovequation.

8. Explain the describingfunction methodfor studying periodicity (limit cycles)of linear systemswith static
nonlinearities.

9. Explainthe passivitypropertyof linear electricalnetworkscontaininga nonlinearresistorand explain how to
usethis propertyfor studying stability of control systems.

10. Reduced-ordepbserversfor nonlinearsystems.
11. Presenthe extendednonlinear)Kalmanfilter and draw the correspondingblock diagram.



