ECE 874 Test 1 Spring 2010 Name s::iuir oY\

1. (25pts) Find the equilibrium peint for the system and use a Lyapunov
analysis to show that it is globally asymptotically stable:

x] :_xl _x2 +e

Xy ==

#2
é% P{— : it bt S % 03 =2¥z+C DX, =%
, dsub .
OT**Z"”}(\! _“‘-') Y\,:)\% h:?x"u;:.:m
[ &4 """,)
”"%‘ pt K= ‘f
' ¥ o
L%
O i f “‘3
2 | }_m e § e &:e"’ :;:_“é, Jb Lm‘?w
cj’“’«’"’-’”ui é‘«"‘? Vv iaolds ; Sy 1:,\‘ i |
R zl - A NP 4
Z; = 2‘#“6_-—7 X,-Zl*z 2. 2 ‘2| Az~ 2z 2
g ) i :
& i = Mg,

Propose v(X)= 1f = 2 P, radeally wnba ,
? L
\" = 7 %, 7’*225%
2 - - - . _
= -3f-23 % +3E, = "F "% o
ik = j “-’;W ’
Thw 32 = Fmo ac EeS (g0
'L:}fe‘? sy 0 s i .-nsz. €3
T";f\.‘Jq‘,-_
S N -
}(l = Eg + {}Z\ - T2 4% r ~»00
, &f ey )
e 22t 72 = Ty ag 200



,. o

A il

AR g TR
41;».«.,*:::,»'*“"& oY

ot 'PL.._ erign S =le,0)
2s (20pts)£(at (if anything) can the V(x) shown below tell about the
ystem!?
X =X,
X, =~(x +x,)—sin(x +x,) 4]
!‘ L FEe)
V(x):%x12+%(xl+x2)2 \/(0\ =0 y PD " rﬁg.aikl vn e gun
[} . f _ L] " L]
Vo= Xk E O F L)

& K 3 \
AW SVERN fo Low ) y L
= ng'-z. + &’Hf; *"‘ﬁazf’iz,; & ff-(-:‘-‘"i’:;..i("f\fgfle‘“‘%-“‘*(.ﬁ‘s"'?z«})

P K - g s trn) o
o (Y, 4Y,)

i = (% + %) g,;,\(yd_\{;\)

£ = [ P aan (e 1)

R ICEEA T R TSN DY |

< -0

Ve e NSD ‘

Then 301 tle ¢ {ze“?‘ 19 j{wa{f; E‘;ﬁ(},iﬁ«



Gzo§

3 (25pts)f(]yze the stability of the origin x=0 for the system using
W(x,t)

X =-x +x, K = [f} [& an C%ﬂlilét' i b f‘)mn*s{""

X =—-(x1 +x2)

W (x,t) =(x12 + xg)(z‘z +1)
]

F) not decrecent ) 2 )’“ﬂg “”00””)9;

1!2{‘ ¥7,L -‘: W(V‘i

WoT N 2R (B) b (et ) (aF)

4

R O B I Y (T LI CLIN A

1)

2 2 ANV BN
(-2%7- 2 GO (B0« (Ve 1) (z6)

-z

5—2(\”‘%;3 2 LD Y]

i

= 2, 4 I e 2]
[-Ei—f-fi;z]i L7 ’?z_f
A0

‘f“ /wmf PAA Y e
N e { $ 220
\ g
'iL' e = I/,_

R I e o

< - ¥

é

.“ .C{,!_B £ ‘3/2'

‘ {’(‘\'\ ‘ié (o] @ov &HE ‘;- Z0

- --t:hd

p

< ° 3/2 [K,‘ t {7’& “—‘> WC K! -{-\X IS hec A}.’,"H/%_,. Js’éﬂ,(“r nt ..
In Someg (}omqw\ gc ‘P[\Q

ovrt %M

2 wyshe e Skl ob e oriegm,



4. (Spts) Covert the system into state-space form

my + ay + ky + 2y’ +22° = f{t)
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(5 pts) Are the following positive definite, positive semi-definite, negative
definite, negative semi-definite, none of the above
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5 (20pts) Find p and ¢ so that V(x) can be used to show that the (rigin is
globally asymptotically stable.
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ECE 874 Test 2 Spring 2010  Name  [\newé

1. (20pts) Design a tracking controller, u(z), for the system:

X=ax+bx+c+u
Assume that the desired trajectory, x,, and the first two derivatives exist
and are bounded. Prove that the controller will work and that all signals
remain bounded. Use the Lyapunov function candidate V' =1¢’ +17’ where
e=x,—x and r=é+ce.
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2. (20pts) Use a backstepping approach (by defining an intermediate
tracking error) to design an adaptive tracking controller for the system:

X, =ax, + x,

X, =u
where a is an unknown constant parameter. Assume that the desired
trajectory and the first two derivatives exist and are bounded. Prove that

the controller will work and that all signals remain bounded.
Hint: Use two estimation errors ¢ =a—aandd, =a—a, with a Lyapunov

function V—e1 +a +62+a2lwhex% e =x,—xand e =x,, —x,.
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3. (20pts) Design an observer for X in the open-loop system
X=asin(x)+bx+u

Prove the performance of your design.
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4. (10pts) Describe a control design approach suitable for regulation of each
of the following systems
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5. (10pts) You have come to the point in your analysis where you find:
V=—ks* —xs—k,x°

9

finish the analysis by showing V is negative semi-definite in either x or s
(your choice). What are the conditions on k; and k,?

‘9 o -
2 " iﬂ*‘;ﬁ ivilal o ! '
\ - 1) bm = AL ISR i % /
£~ YL i "
V ™ E=N1 3=y (R A RLY
@3
2 . G
B A L4 s 5 Y N %
> T o+ Ixj i)l - bl iX
4 ) "‘"’ ™ 2. @

> U lx] then < | sl |6l 15
§

20 151 € GIX]) dew < O

2 151 41y
] > [ ¢ !
= -5 '\’{gg )

[ ]

L=
-2/ TR i

< 3 B T S
S =9 =y ki>1&f~z,



6. (20pts) Design a singularity free tracking controller, u, for the system:
(x2 +1)5c'=—x+u

Assume that the desired trajectory and the first two derivatives exist and
are bounded. Prove that the controller will work and that all signals remain
bounded.
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ECE 874 Final Exam Spring 2010 Name Ans .

1.

{25pts) Design a robust, sliding mode, controller, u(t), for the system:
¥=asin(x)+bcos(x+7m/2)+2+u

where a and b are unknown constants between 1 and 3, i.e. 1<a<5 and 1<b<5. Assume that the desired trajectory, x,, and
the first two derivatives exist and are bounded.. Prove your proposed controller achieves exponential tracking using the
Lyapunov function candidate V' = %ez + %rz where e =x, —x and r =é+ae. Show all signals are bounded.
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2. (25pts) A photovoltaic battery charging circuit is shown by the circuit below.
Assumption. 1: V (t), I, (t), 1,{t) and V,(t) are
measurable.

Assumption 2: C and £ are known constants.

t Assumption 3. V, is modeled as a constant value due to its
- slow charge dynamics [5].

dssumption 4: 1, (t) is bounded provided that ¥, (t) is
bounded.

Assumption 5: .«‘iv (t) can be upper bouhded by a positive

PV Array

constant such that ]fp,, < g where ue R*.

The system can be transformed from discrete commands for u to the IGBT into the following continuous differential
equations where D represents the duty cycle to the IGBT and is the control input:
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Using integrator backstepping and the definitions e =V, —V, and z=1, -1, to design a controller D. You must

explicitly differentiate /; and show all signals are bounded for full credit.
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3. (25 pts) Calculate the control law for u in the magnetic suspension to transform the
system into a linear, controllable system. Verify the transformation.
Consider the schematic representation of a magnetic suspersion Shown in ﬂgure 2. The

input is the voltage source. The modeling details a

controlier
motion are [ power supply ] l
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where o = p N4 and B =—+— Figure 2
Ky Mg
x is the displacement of the isolated mass measured from the magnet pole face, z s the {
current in the coil, and u is the voltage. Fy(t)is the disturbance foroe} oseoMe, T 1% & gﬁ%@m@ Ogagrad]
The parameters are:
Mass M 8.91 kg
Area of cross section A 0.00025m
Resistance of coil R 300
Path length in core Ly 0.28Bm
Path length in mass L 0.5 m
Permeahility of free space ug 126 x 10 Hm™
Relative permeability of core . 10000
Relative permeability of mass pa 100
Number of turns N a0
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Consider the problem of controlling the height, h, of fluid in the tank shown
With the fluid level starting at some initial height, hg, the goal is to choose the input flow

rate, u, which brings h as close as possible to hg, the desired height. The tank has a
cross-sectional area, A(h), which is a function of the height of the fluid in the tank. A

spigot at the bottom of the tank leaks fluid at a rate proportional to the square root of the
height of fluid in the tank, Q_, = ay/2gh , where a is a constant of proportionality and g
is the acceleration of gravity. Conservation of mass gives the following nonlinear

differential equation governing the height of fluid in the tank:
u— ﬁ
Ak =u—a\2gh T

&

2O (1o hzo)
-~

a. (10 pts) Assume A(h) =h’+0.1’and all parameters are exactly known and h can be
measured, design a controller so that & tracks s, Show all work and that all
signals are bounded.
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b. (15 pts) Assume A (/) =h’+0.1 and all parameters are exactly known except “a”
and h can be measured, design an adaptive controller so that & tracks h,. Show all
work and that all signals are bounded.




