ECE 874 - Spring 2014                       Test 2 In-Class Component             Name _____________________

(80 points total)



2. (5pts) The control has been proposed for the system model shown below. The system parameters a,b,c > 0. The controller will then be applied to the actual system. Describe three potential weaknesses in the proposed control.



Potential weakness 1: Exact model knowledge control, may not be able to exactly measure the parameters of the physical system


Potential weakness 2: Canceled the term  which naturally acts to stabilize the system, i.e. control signal may be unnecessarily large.



Potential weakness 3: The term  causes a singularity at 


Potential weakness 4: May have error in the measurement of 

Potential weakness 5: May have un-modeled dynamics in the original system that aren’t accounted in the control design

Potential weakness 6: Need to state that k>0


3. 
(10pts) are given. Show that the system is exponentially stable at the origin.











 










5. 

(30pts) Design a handcrafted backstepping control design that stabilizes the following system to . Use standard definition . Circle all the terms that would be needed to implement the control u(t). Show all work including a stability analysis and that all signals are bounded.
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Can now invoke theorem for exponential s

tability.

That would be enough, you could keep goi

ng:

 and 

solve the differential inequality
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4. (10 pts) (,) and (,) are shown for a 

system. Classify the origin as (a) stabl

e, (b) locally uniformly

asymptotically stable, or (c) globally u

niformly asymptotically stable.

a. (,)e

WxtWxt

Wxtxx

=+

&

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

222

12

22

12

22222

1212

2222

1212

 and (,)1sin()

?  radially unbounded and not decrescent

 ; NDstable

b. (,)1cos() and (,)e

 PD and decrescent, radially unbound

t

t

Wxtxxt

xxWW

WxtxxtWxtxx

xxWxx

-

=-++

+££ÞÞ

=++=-+

+££+Þ

&

&

&

(

)

(

)

(

)

(

)

222

121

2222

1212

ed; NSD stable

c. (,)1e and (,)e

2 PD and decrescent, radially unbounded 

; NSDstable

tt

W

WxtxxWxtx

xxWxxW

--

Þ

=++=-

+££+ÞÞ

&

&

&


oleObject11.bin

image12.wmf
1

0

x

=


oleObject12.bin

image13.wmf
222

d

xx

h

=-


oleObject13.bin

image14.wmf
2

112

2

xxx

xu

=+

=

&

&


oleObject14.bin

image15.wmf
(

)

(

)

(

)

(

)

(

)

(

)

2

112

2

22

11222122

222

2

1

11

2

2

11122

2

2111

2

211111111112

2

11112

2

1

212

2

2

211122

where 

design 

then  222

2

ddd

d

d

d

d

xxx

xu

xxxxxxx

xx

Vx

Vxxx

xxkx

xxxkxxkxxkxx

Vkxx

VV

Vkxxu

h

h

h

h

h

hh

=+

=

=++-=++

=-

=

=++

=--

=--=--=--+

=-+

=+

=-++--

&

&

&

&

&&&&

&

&

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

2

1112

22

2111221112

22

111221112

22

11211112

2

1111222

22

21122

1212

2

  2

  (2)

design 2

Using (,) conclude that , are globab

xkxx

Vkxxuxkxx

kxxuxkxx

kxxxkxxu

uxxkxxk

Vkxk

Vxx

hh

hh

h

h

h

hh

-+

=-+++--+

=-+++--+

=-++--++

=----+-

=--

&

&

1

121

222

122122

121

12

lly exponentially stable (i.e 0)

00

 0 & 0   0

,,0  42 0

 ,0  0

 , 0 0

All signals are bounded.

d

d

x

xxx

xx

xxuxx

xxx

xux

h

hh

®

®Þ=-®

®®Þ®

®Þ=---®

®Þ®

®Þ®

&

&


oleObject15.bin

image16.wmf
11

22

3123

6. (10 pts) Design the control u to stab

ilize the origin of the system
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1.  15pts Given the system

a. Find all of the equilibrium points

b. Use a quadratic Lyapunov function to 

describe the stability at ori
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