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1. (10 points) Quick Review
Carefully read each statement below and identify it as True or False by clearly writing
T or F in the box.

T yET{I‘he BIBO stability of an LTI system is equivalent to the asymptotic stability
in Lyapunov sense of the equilibrium point at the origin X = 0.

= &A stable closed-loop system can track a ramp input with zero steady-state
error as long as it has at least one pure integrator in the loop.

f B Final Value Theorem can be used to find the steady-state response of a marginally
stable system.

F X Any LTI system has a unique state-space representation.
—rIE/A lag compensator will reduce steady-state error.

T ;_E/ A Proportional-Integral (PI} compensator is a lag compensator whereas a
Proportional-Derivative (PD) compensator is a lead compensator.

F XA unity feedback system with a non-minimum phase loop transfer function
will always remain stable for large gains.

T 62 As a pole of a 2nd-order system moves closer to the jw axis, while its imaginary
part remains constant, the settling time of the step response gets larger.

F B An unstable pole in a plant can be canceled by a zero in the compensator as
long as the transient performance remains acceptable.

T g Making |L(jw}] < 1, where L(s) is the loop transfer function, would improve
the robust stability of a feedback system.



ECE141 Midterm Exam - Page 3 of 14 02/12/2019

2. (24 points) Linearization, State-Space
Predator-prey models are commonly applied to ecological systems where there are two
dominant species, one of which acts as herbivorous prey and the other as a carnivorous
predator. Predator-prey systems have been studied for decades and are known to exhibit
interesting dynamics. In this case, the system being modeled is the interaction of wolves
and deer in an Alaskan wildlife preserve. The model is given as follows:

d = (30 —w)d (1)
w = (0.5d - 40)w -~ f (2)
where d is the population of deer, w is the population of wolves, and f represents the

control input used by conservation ecologists to control the population of wolves in order
to ensure the health of the overall ecological system.

{(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.

J iswc'&.ér‘cffcwl, we have : 2 [d] [ ]
dy=o

Wy =30 Ag"'go
(06 ~qow)W =0 —

(30-w)d = 0-————>{
=P

We =

=t egoilibiim point #L : (de ,uy) = (o, 0)
egwééﬂ‘”"" Po:'n?’ #2 - (dé’/we.) - (50,30)
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(b) (8 points) Linearize the model around the non-zero equilibrium point, and find
matrices A and B such that dx = Adx + BSf where x £ [d w|T and 6x 2
—[de we)’.
x:F(xu) —» 5X=ASX +8 8u
WA_‘/LU . A = 9 f / M B =
(

2% (g, ue) 4 /Qferfe)

N }‘SHJ

=p . [Jo-W _dl 7/ _ [ e - &0
O, 5w 0.5d-¢o (5’0/39)- /5 T © 'Z“!/
2 270, )] T
B-= [__)'(30..W)d] 3f[(0 Sod- yo) W -f] [_’]

(c) (5 points) Determine if the linearized system you found in Part (b) is stable, un-
stable, or marginally stable.

{(neaniged 57575:01: (;j? =[/; —:O}[ -I'[ ]S"F

k..-fw
The poles of tThe S,Sr‘vm Ance fa_;,-er?enmfm of /]
o{g‘f(SI,ﬂ);]S 80/_—_— 52.(.. 1220 =0 =b'sl/2.‘:i~).20/?
~-/5 S

=b Mfﬁinﬂj? S‘!ﬂé&/ Stn Po/e/.i are on Hs ||

Joo  axs - ———
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(d) (6 points) Assuming the deviation of the deer population from its equilibrium &d
as the output, find the Transfer Function from the input é f to the output dd in the
linearized system

- (e
5= [ ][

=> H(S) - ?.Z_f& - ccesT-n) B

§F¢s)
—[ .2
] S 30} [ ]
= I 0 a
[ {—-IS S {
S _8 o
|
;. o] 1
S+f260 by S
o
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3. (24 points} Feedback Fundamentals, Transfer Function Properties, IMP
Consider the following feedback system:

‘LUL“) w2(t)

() + ult
c<s)4+é% Py —il}i(—’

Assume the following transfer functions for the plant and the compensator:

1 1
P(s) = PRTL and C(s) = 3

(a) (6 points) In the s-domain, write Y(s) in terms of the system inputs R(s), IV, (s),

and Wy(s)
¢ [
Yesy= R R(S)+ —E——- W, (€) + ——— Wy (s)
1+pPC [+PC , ) 4 PC
|
—> \/(5) . SESHO)  R(S) 4 Stio W (S) + Wi (s)
l ' ly L — 1+ L
S($+10) S(5+10) S(S.4i0)
S%i0s
e \/G): ' Res) 4 — Wi €S+ 2+ W (s )
$Z+lo_§+; %1084 S 4105 ¢(

———
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(b) (4 points) Assuming zero initial conditions, write an Ordinary Differential Equation
that relates the output y(t) to the inputs r(t), wy(t), and wa(t).

=P (sh10s+D)f () = Risy + SWieS) 4 (21041, cs)
P(‘SSU\mfP\-ar— Fero “’l/'-"{"l'd-( Cfonela:l—l'Ong:

= ?}'@;)_’_ |0*&(1-)+ ‘3—(1:‘) = PCt) + Wy tt) 4 WJ'L‘%

_\_‘-\-‘-‘-‘-‘-\_‘_‘"—'—‘—-—\_u

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

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

Find the the closed-loop system response in the steady-state y44(t).

US"W s fmﬂ(mmw pr‘a/:'ex‘i?"af fransfer ﬁmm%n_;/

We‘ can’t wri ‘l‘ﬂ :

4 HWWCOJ 10+ }szy (J-/oaa) /(,as (10001'_’.4"{%&().[000))

5K
. , ' 3}
- l ———aH (°)=1-0 S(Hr (J’_L) . 2Ol =0, 1€
$)= ' 5
Hr(‘J ( Sy jos+! g/ ¢ O 1o
{(0) =0
Hw (S) - __5;,__, __—BHw'y
‘4 SFlos+) oo
Hipy (5) = _S=108 > H, (gloc0) 2v 10 = loe
°t shi0s41 2y

=B tt) =10 + Ol Sta(t+-I) + Cps loooT
.USS ;/_é
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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 e(f) — 0 as ¢ = oo when r(t) = u(f) and wy(t) =
wa(t) = 07 If yes, why? If not, why not? Please explain. No need to calculate.

Yes, the c/osu[,faa,b 5;/61‘:—»4 s stable ond The éoofa
has o pare /kﬁ?mﬁ". So, from IMp. we
Enow that tHa olosea(_loo/, s/sv‘w Cany rrnodfeca
trock a St=f rie feres ce gt with

32r S-/'-eadyn— state errpr.

(e) (4 points} Can this closed-loop system reject a ramp disturbance at the input to
the plant in the steady-state? i.e., Will we have y({) — 0 as t — oo for w,(t) = Lu(t)
and r(f) = wy(t) = 07 If yes, why? If no, how would you propose to change the

compensator C(s) to make that happen?
No . From IMp. we know that Cts) would reed

at Least +wo pare integrotors t reject a
famp disturban e« ( Hat has Juo wnstebi e s
at fhe /‘ﬂfw‘f 1o fhe flawd. Now, if we Sd_l& .
s = e, e Closed _logp system cammit |
s k. L - s 1082k =0

- |+
|+LL(S)-0——& =
Co 'F:Gl.(.fmf of s term /3 pere—d MS)LBLH«.;
—— &€

So nstead, simidor To The Hwie probles, WE Cav add
e too, or g@cﬁm% 430/d a FPT 60”{"9”50!:}0:’ 5

a 3 . 6. Prc) oy
= 1+ELE) =L+ (Fp +—;E)égm co —®

3 2 4 =0
H: s k” -Pi o/och-—laaf w:‘//éw stakble a4
52' l s 501@""5-' /cr;o el Kr_<loléf
2 okt 5 Aid not= reed %
<! f_o_lﬁg-'_’&:o (In'l'&ﬂ-/e}(alﬂ/ﬁyu td ho

ga 5 ﬁrﬂ? -‘ﬂ“« ﬂau.‘l"['l-—HMWr“)g era,a_om_c{

& pove stabiity)
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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 the unity feedback system
for the mirror segments has the following Loop Transfer Function:

1

Ls) = s(s% + 25 + 5)

We want to plot the root locus of the characteristic equation 1 + K'L{s) = 0 for K > 0:
(a) (1 point) Determine the number of branches in the Root Locus: ey C fo/e& )
(b) (2 points) Determine the portion of the real axis on the root locus: ....

Re (5);(0/4

{c) (3 points) Determine the angle of each asymptote: 8, = ......
- (LI (2 L+1)180 _ o0 1es Boo
r-m 3-0
Lzo,2

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

Up =

(e) (4 points) Determine the angle of departure from the open-loop pole at s = —1+2j:
(note: tan~!(0.5) = 26.56°)

&0/)5!29(3( a Fa,n'{' M(/r‘a— Olo-‘-@ r” Tt Ofm-bo/: Pa/e
a.:f‘-—l'f'2J.Mﬂ( use fhe Mﬁ/@& cona{r'7l‘l:d'n:

CPGLeP ) Ferw—amgles zfolc_cmﬁ/es_. (2dr1)180

o ~] o
~ Ly _ 716,
CPF!,40+f’M(Z)__I (¥4

9

= 9o
%

0. JI6-S6_-90 ~[80 - —3¥6.5S6 - _ 26.5%"
:zb%"'f’ ’ 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.

(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.

"‘f‘k\ L(S) =0
\ 2 2 e N
— Ly ——— =0 —P ST 2STpSstie=0
S(ST42845)
53 ! 5 Af k—‘-‘o/ -{-—(,u,re, Wr// A—I— F"IC
2 #-/f' €=0 Mﬂ( ﬂU— G/c./o;ap(,laafg
S o < cc/f'/'&m would be wncfable .
S' 1ok o
S,.::o s Bt -Fr‘om Hew RH armuﬁ—, ,'71
) is clear Howd e ntlbiomm
non-ero guvin Tt would

make the Cla!a(—-/oa/’ S‘yrfw-«
Ums{'ﬂb(b/ won ld be l::-_/o;

TZuwr afram He a,u«kfﬂ'm/a,— egua:hhv 7Cr'bm
2 H tabl , WE have .

.
;Lsz.l.if—:o-—-v 2S2+ [0 =0 —© S(IL -J/S—'

Pom‘h’ of RL Gra!fr?S
wih +ha J"o axis
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5. (20 points) Root Locus-based Design
Consider the following feedback system:

r{t) elf)
+

£
L B
o’

C(s) > P(s)

And assume: 1

s(s + 5)(s + 500)

{a) (10 points) Using the Root Locus technique, design a compensator C(s) such that
the closed-loop system will have the maximum percentage overshoot P.0. of 5%
and the maximum 2% settling time ¢, of 800 msec.

po-=5/=b g0 6-45" 7 o,

P(s) =

+o nect ousr

t,= £ = fWp=4.=¢ framsient Specs , we
Fn 0.8 can f:laa, e closed bof
T+ (s clear Fom Hu RLFr  Poles & -M
wncom encdted sydem (riqht) ch:,'md T
dq 1 fspiji;loop F—LD :TJ_S_

Hol™ we camndt Plaa- He c!oseJJoo(s
\vol"- At owr Aerived lLocation .
"S-Oo

§o,s|'milav ‘b e -exww‘?lx, (N He clase,
we wie Hae fHollowing jimd Compensaten -

S+S
Cesr = K S+lo

Tﬂ AﬂA ﬁau'-fl }’_, nie Mm?m'*fual( COﬂof;"/i'cm:

1T pole lengths )
i s

- 4q x50 xVsO = 2FSO
S45

quCs)=E
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(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( )

,«&M 24F50 A
Ky sl bl 20 2 e

l
= e = 4.95
AHT ” lox Sor c_f//é

(c) (7 points} We have now been asked to reduce the closed-loop steady-state error to
a ramp input by ten times, (i.e., to increase K, ten times). Design a modified com-
pensator which helps us achieve that while still meeting the transient performance
specs in Part (a).

To increase K, by [0 times , we cam wer @ Lag )
a’”?’”‘“‘-’""r with __6__:/0  And  because we do ot Wt

7] o{fj'f'm?’/a our d(rc.d/;ﬁ‘-/?laca( C’—JDJec{—lan f"l% , We
pick G arp P both close b the Jo anl,

br exowpb, =01 —0 f=0-0

—t Tle overall Eomfwﬂh" ;

S-[-S_ $+0.
= 72850 . — -
CCS) (,e_aa((s)cfa(?(s) AY S+1(0 ﬂé}

Tf o homes prrhatt W/ MATLAB, dou find
M
closca/,}oo/) po(@s -)Gf‘f‘ Thr &omfﬂm{afl'ﬂ( S'/S-(-m

7o will See that fha closca(,éoof poles will now

(aced af~: S =-Soo _
be- f S22 -41294.95

Co i would heve houn—tatter & place e poler a bif
Sortler inside flo degired region S.+. after a.!a(r‘%,- flen
Ld,? Camfwﬂd'ﬂ""/ O TraynSieadt specs wou ld still be ﬂ{/(& nut |



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

Scratch Page



