ECE141, Principles of Feedback Systems
UCLA Winter 2019

Midterm Exam

02/12/2019 ]

e e e ————

Time Limit: 2 hours

(n) This exam booklet contains 14 pages (including this cover page) and 5 problems. Total
of points is 100).

(b) All books and notes must remain elosed. You are allowed to have a single double-sided
letter-sized cheat sheet.

(c) Simple calculators are allowed. But no fancy calculators, smartphones, or any other
smart and /or connected devices.

(d) Please fully justify your answers and clearly show all the intermediate steps in all your
solutions. And, when appropriate, box your final answer.

(e) Please do NOT write vour answers on the back of any pages. Answers written on the
back will NOT be graded.

(f) Good Luck...
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) . : ;....61 . o
2. (24 points) Linearization, State-Space ¥ s il pefdowr

Predator-prey models are commonly applied to ecological sf.:'t:'lm where there are two
dominant species, one of which acts as herbivorous prey and the other as a carnivorous
predator. Predator-prey systems have bheen studied for decades and are known to exhibit
interesting dynamics. In this case, the system being modeled is the interaction of wolyves
and deer in an Alaskan wildlife preserve. The model is given as follows:

d= (30 - w)d . .]6e- 4 L= 1)
= (0.5d — 40)w — f ((‘:"‘""“)" M (

where d is the population of deer, w is the population of wolves, and@n:prest.-nts the

control input used by conservation ecologists to control the population of wolves in order

e

to ensure the health of the overall ecological svstem.

(a) (5 points) What will be the population of deer and wolves in the equilibrium with
no input? i.e., with f =0, find out the possible equilibrium points (d,, w,.) for this
nonlinear system.
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(B) (2 paints) Linearire the model around the non-zero equilibrinm point, and fimed

\ 3y » T a
matrices A and B such that &x = Adx + B&f where x & |d w]" and dx =
}:_' TL‘L lt"rlr. é“ .
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(¢) (5 points) Determine if the linearized system you found in 1 (M

stable, or marginally stable.
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(d) (6 points) Assuming the deviation of the deer population from its equilibrium _dd.
as the output, find theJransfer Functios® from the input §/ to the output 8d in the

linearized system.

sx=2 Y n] (3]

5

‘f{d"éf: Jt.:’
—tosw = fd = Sd = -osw

N e
§3d - s*sd = o |

= -gosw
¢ -r § = T4t -
& 7 g | % =
D i
5'1
2 - =5k
o °

§%el + 15 x3osd = §e6f
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(b) (4 points) Assuming zero initial conditions, write agiggdnwnummmmqmon
that relates the output y(t) to the inputs r(#), w,(t), and wa(t).

A0
s T“'FT" (PRt PtV =5 Y’*ldzj’j\fz 55;&;5R+W,H@+v»

> @1-\10;)"( =Rt 3w *[SLH'.S)WL

™~

/
T /
(c) (7 points) Assume the following reference and disturbance inputs (u(t) is the unit
step function):

r(t) = (10 + sin(t))u(t) (3)
wy(t) = 10u(t) (4)
wa(t) = cos(1000¢)u(t) (5)

Find the the closed-loop system response in the steady-state y(t).

!
A _ 5 N s
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(d) (3 points) Can this closed-loop system track step reference input with zero steady-
state error? i.e., Will we have ¢(t) = 0 as ¢ = oo when 7(t) = u(t) and w,(t) =
wa(t) =02 If yes, why? If not, why not? Please explain. No need to calculate.

Sgﬁm"’ gtu!;l&/ Y(;l') =ult) 3 3L ;PC= T(lﬁ’l_") eluctes  anttabl e pole 379,

‘{@), N com praele vt 0 35 evve/
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l/
/

( il

‘\—1 /

/
= g

(e) (4 points) Can this closed-loop system reject a ramp disturbance at theto
the plant in the steady-state? i.e., Will we have y(t) — O ast — 00 for wy(t) = tu(t)
and r(t) = wy(t) = 07 If yes, why? If no, how would you propose to change the
compensator C(s) to make that happen?

MO, sinie C dvednit lncundl all wytable polss of wilt)

we tam make (= -SE}-; + Ky for ¥, ¥y 5.t the 5331%“ s $table
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4. (22 points) Plotting Root Locus
The primary mirror of a large telescope can have many smaller hexagonal segments with

the orientation of each segment actively controlled. Suppose 1 it };T\Ci back t;;st(,m , ——
ShLs4 520 -1

for the mirror segments has the following Loop Transfer Eunction: -2

L(s) = (52+25+5 (?//"'"

We want to plot the root locus of the characteristic equatlon

(a) (1 point) Determine the number of branches in the Root Locus. -

(b) (2 points) Determine the portion of the real axis on the root locus: . ). ppraten

X (-2, oy
—_——

-]
X
(c) (3 points) Determine the angle of each asymptote: 8, = é’ Ays? o
"o
. n=z ; %fll* I)

(d) (3 points) Determine the asymptote centroid, i.e., the real axis intercept of the
asymptotes: 0, = ....7 3 '

o 4 (-t +4-33) o
3 i 3 l/

.
(e)) (4 points) Determine the angle of departure from the open-loop pole at s = —1427: N
(note: tan~'(0.5) = 26.56°)

-bw;‘i 2 2456 0
0 =fo’f - P57 2654z 150

FD = 190°1185%) 2602 2656

v
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(f) (3 points) Using all of the above information, plot the root locus on the graph in
the next page. Use arrows to show the direction of increasing gain.

Non 2
(g) (6 points) Using Routh-Hurwitz method, estimate the minimum gain that would

make the closed-loop system unstable. Then find out the points at which the Root

Locus crosses the jw axis.

1< 5
s s B = n
74 |+ wls 14 Samsts) o = $%ta5a5S tE
R
S‘L 2 K
S Le-e o
z

5 K o
JO—‘L o * <
{ o ? -> { K lo °£KL|'9 s }'{ﬁbla L/

w 7T K20 ow anstnbll .

" 2 5
.(f-;f_-,o kzto 251* g,:z,f'.ﬁo zo 5:*}" 5:-:]?_)

Tue cvoss posat ave 2T /

Scanned with CamScanner



02/12/2019

Midterm Exam - Page 11 of 14

ECE141

N

4 O
|

il clledea

|l

I
e B S L S
_LJ_L%J_Ll_

1
o o
__}l-

(R [ I Y S G T R
JWVMrﬂﬂJlﬂqlﬁﬂJlﬂan

[
=T
-+
ik
1
T
L
L
|
+
L
!
T
+
1
I

o

I
i
Tt
-*

A
11
T
a4
Aale
171
+-1-
dsls
[ |
i !
-+ =1
L
-+

[ I T R I T N
LI T T R O T T T T
balin Bt ot S Bl o B e S B S
Ld _LilJd bdal  Lop Gl

Q
-4
1
|

l

s i Sl ey S
S T B

[
[
U L .

r
-F
3¢
i
v
el

i
-r
) 1
Ft

r
1=
1
)

SNy

el PR e

]

1]

(N | { I e T e s R I [ |
s el et e L e e o e - R o Pl bl ety
L s b deed oo Ld ol d_L1a_t1
(O T I D RO T T T e | L T T I |
r1=rrTaa-r1I-rrra-rT T=rTTrT
L e kT R
LI P, P IS R I (PN T [P R IR IR S0 IS S i P [ |
[ e I R N R (O N B N | LI I R I A |
| ik ! ety s St oot s bt it Hail o LR SRR
L4 _LLlLdbLd_Ld_vL1 Aol L d
| N R O TR RO N N T A | T e |
r1i= - T CT 79707 B o 1 e e
A=+ At —l= A -+ e R e
Lot bl b R b Dl o b el
I a4 a9 ¢4 ¢ B o&n | I G
| il ] il i o et A bt i e P ST EAFET
Ldoimddebd =k d=t-t B T R N [ S
(R T T N T T T TS O O I I O T O A |
ot Tt e T T O R Y B T DT
A=+ -A-Ft=I=Fr-1-Ft 1T=iI=t+—1=r
d o b Y L A |
1 [ | [ I R I |
1 (I | S I S N B |

S e e T
N T Dy T Y T |
IR
TTTATCTTTrA

A
SETATTTI—
R RS T oy BT R
O T T
I i B
=t A -+ =+
5 TR Lo o 0 L R WS
VL
S e el v i et s |
~lmbd—4 AL

Scanned with CamScanner



.

(@)= ¥

ECE141 Midterm Exam - Page 12 of 14 02/12/2019

5. (20 points) Root Locus-based Design
Consider the following feedback system:

r(t) (1)
+

C(s) = P(s)

st
o
P(s)

And assume:

. s(s +5)(s + 500) Hi ¢ ";‘C':}—;-

(s) such that $4§
0. of 5% <+
G o

'Sk

(a) (10 points) Using the Root Locus technique, design a compensator C'
the closed-loop system will have the maximum percentage overshoot P.

and the maximum 2% settling time ¢, of 800 msec.
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b . r.
(b) (3 points) With the compensator you designed in Part (a), find the velocity error
constant (a.k.a., ramp error constant) K, = lim,_, sL(s)

_ 24T () \
Lts) = e S
SCSAS ) (545%)

[im slty) = 28T 2ET
S0 ? O = oo R EY

(¢) (7 points) We have now been asked to reduce the closed-loop steady-state error to
a ramp input by ten times, (i.e., teCincrease /<, ten tir >s). Design a modiﬁg(}i’com-

pensator which helps us achieve that while still meeting the transient perfof nee ¢t cv

specs in Part (a). .

Kvor § Kv = $o 5'::5“5) Mevarsgl 1o thagy
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