	Lab 3 / LTI Systems using MatLab
	
	1



	ECE 317
	
	5 November 2002

	Lab 3:

LTI Systems in MatLab

	[image: image1.png]





	Fall 2002

Professor Awad



	“We have neither given nor received aid in the preparation of this lab report.”

	
	Prepared by
	

	Tan Nyugen

tannguyen_79@yahoo.com
	____________________________

	Jason Smith

jasonmsm@umd.umich.edu
	____________________________

	
	
	


Objectives

	(
	To become more familiar with the concepts of phase response and magnitude response of LTI systems using Matlab.

	(
	To produce graphical data, which describes the input and output of first and second, order LTI systems.

	(
	To learn to distinguish between different kinds of filters, and to gather data using Matlab which describes their characteristics (e.g. bandwidth, cutoff, peak value, phase response).


Theory

This assignment focuses on how to find the step-response,  steady state value, time, amplitude, phase angle, phase response, peak value and final value of LTI systems described by first and second order of differential equations using Matlab.   Part I deals with a lowpass filter, and is primarily focused on gathering data through inspection.  Part II involves a lowpass, as well as a bandpass filter.
Procedure

I. Consider an LTI system described by a first order differential equation given by:

ao 
[image: image2.wmf]dt

t

dy

)

(

 + y(t) = x(t), with zero initial conditions.

a) Find the step-response, the steady-state value and the time the system reaches steady –state (also end of transient period) for the following cases:

ao =0.2,0.5,1 and 2.

	
[image: image3.png]% Problem [l.a]

b=l % b is used to specify the coefficient for x(t), vhich is 1
an_ell = [0.2, 0.5, 1, 2] b different values for coetficent ap
t_trans = [0, 0, 0, 0]
for 1 - Lia % loops 4 times to produce a graph for sach a0
a1 % a (a0) is used to represent the cosfficients for dy(t)/dt end y(t)

afLj=a0_al1(i]

= [0:.0L:15]'; % Time vector t is from 0 to LS seconds with step (increment] of 0.01
x=ones(size(t)); % input x(t) must have the saue mumber of elements and is composed of 1's (constant vltage input)
I3

ploce,x);

hold on;

label{'Tine in seconds');
ylabel{‘huplicude!) ;
Title(['Awplitude of Step and Response for a_(0)=',mumZstr(a0_all(i}}]]

yelsin(,ax,0) % Durput - 15in is used to simulate LTI model response
Blot(t,y,'t'), grid on % Ploc the ourput, y(t)

axis([0 15 0 1.57) % specifies mds £10..15], v(t)[0..L1.5]
legend('step’, 'Response’)

Line (t,0.99) % horizontal Line at .39

% Find begiming of steady-state time or end of transient

ind=£ind (y<=0.99) ; % ind 15 couposed of points frou y that are
©_trans(i)=t(nax{ina)) % the nexinimm value in ind is vhere y(c)
disp('Please hit o key')

pause,

sc1t

end






Program Listing 1.a. Matlab code used to implement problem 1.a.

See Results section of this report for graphs.

Full program listing is attached.

b) If the input to the system is x(t)=M cos(2(ft)u(t) and ao =1/20(:

i)  Find the output response y(t) for the following cases:


M=2 and f=2,4,6,8,10 and 12 Hz.

j) For each frequency, determine amplitude and phase of the output signal at steady-state. 

k) From the above information, plot the magnitude (B/M versus frequency) and phase responses of the system (( versus frequency). 

	
[image: image4.png]% Problems [1.b.i] & [1.b.3]

7120%p1)

2

£- 222

a=[1/(20%p1),11;
~003:15] 7

Period=L/t

ind=Find(t>=5 & <= (S+Period]]; % After 5 seconds the system is effectively at steady state

susones (size (t] | % u(t] is wwsed, since "turn on” portion is not needed for steady state
5 cos(2epitEre)]

sin(l,a,x,t]

Legend('oft');

hold on
axis([5 (s+Period] -2 2]) % set axis to display 1 oscillation at steady state
plot(c_ss,[y_ss,x_ss1);

grid on

R _xemak (x (ind) |
nax_yena (y(ind) |

xlabel{'Tine in seconds');

ylabel{'Auplicude');

Legend ('y foutput} ', 'x (input)')

Eitle('Click on rising edges of vaveforns (imput first).'l;

[xp, yp]-ginpuc (2) ; % get mouse input on graph to determine phase shift by inspection
phase = xp(l) - ¥p(2);

phase = (phase/Period) * 2 ¥ pi

Title(['Steady State Response for f=',mum2str(f},' Hz, phase shif
disp('Please hit a key')

st (phase) , 'r, X Max-' mungstr (uax x), ', ¥ Hax='u

freq_resp(£/2) = max_y/max_x % store B/ in freq_resp vector for future graphing (y value]
£_storage (£/2 % store £ in f_storage vector for future graphing (x value]
thetaz (£/2) =phase % store phase Shift in theta vector for future graphing (x value]

pause,

end





[image: image5.png]% [[1.b.k] Plotting B/M vs Frequency
notd oit

it

Legend(ote )5

nold on

label (‘Frequency (i) ');

Viebel (D)5

legend ('B/N', 'Frequency')

title('Magitude Response (Low-pass)')

plot (£ storage, freq resp), grid on
pause,

hold off
IS

Legend('oft');

hold on

xlabel('Frequency (Hz)'):
ylabel{'\theta (Radians)');
legend ('\theta', 'frequency’]
title('Phase Response']

plot (£ storage, theta?), grid on
pause,






Program Listing 1.b.  MatLab code used to implement part 1.b.

See Results section of this report for graphs.

Full program listing is attached.

II. A second order LTI system is described by the following differential equation:

ao 
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)

(

2

dt

t

dy

+ a1 
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t

dy

)

(

2+ a2 y(t)= bo 
[image: image8.wmf]2

)

(

2

dx

t

dx

+ b1 
[image: image9.wmf]dt

t

dx

)

(

+ b2 x(t).

a) Find the step-respsonse, peak value and final value (steady-state-value) for the following cases:

i) 
[image: image10.wmf]dt

t

dy

)

(

=1, a1=(2, a2=1, bo = b1=0, and b2=1.

ii) Same values as part I) except that a1=0.5. Did the peak value change in comparison to part (i)? Explain.

	
[image: image11.png]% Problem [2.a.1]

1aare(2), 11
ea[07.01:30 7

-ones (size(t)); % DO dnput
ot

pLot(e,x);

hold on

xLabel {'Tine in seconds')

ylapel (*Auplitude’)

y=lsin(b,ax,t); % oucpur

plotit,y,'r'], grid on

acis{[0 30 0 1.5])

legend('Step (input) ', 'Response (output) ')

mex_yemex(y) * find peck value of y

Linz(e,1.01)

Line(c,.99)

title('Zoon in on intersection where y enters boundary and press a key.')

pause,

title{'Click on intersection.')

[xp, yp1=ginput () ;

wcie([0 30 0 1.51)

Gitle(['[2.2.1] Response of System vhem a_(1)=.707 Peak value of y:', mmdstr(nax_y),' ¥ enters steady state at t=', mumZst
pause,





[image: image12.png]% Problem [2.a.11]

x=ones(size(t]]: % DC input
I3

plot(t,x]:

hold on

xlabel('Tine in seconds');

ylabel (*Auplitude’ ]

yeLsin(b,a,x,t); % ourput

plot(t,y,'t'], grid on

axis([0 30 0 L.5])

Legend('Step (input]', 'Response (output]']

nax_y=max(y) % find pesk value of y

title('Zoon in on intersection where y enters boundary.')

Line(t,L.01]

Line(t,.99)

title('Zoon in on intersection vhere y enters boundary and press a key.')
pause,

title('Click on intersection.')

[%p, yp]=ginput(1) ;

axis([0 30 0 1.5]]

title(['[2.a.11] Response of System when a_(1
pause,

5 Peak value of yi', mumstr(usx_y),' Y enters steady state at t=', mm2str[






Program Listing 2.a. Matlab code used to implement problem 2.a.

See Results section of this report for graph. Full program listing is attached.

b) Plot the magnitude and phase responses for the following cases:

i) ao=1, a1=20(/0.707, a2=(20()2, bo=b1=0, and b2=a2. Hence, find the frequency at which the magnitude response drops to 0.707 from its dc value. 

	
[image: image13.png]% Problem [2.b.1] Lowpass Filter

ol

1,20%01/0.707, (20%p1)*2];

207p1)2; 5b0 = bl = 0;

;0150117 frequency vector from 0 to 50 Hz

w = 2epite; frequency expressed in rad/sec rather than Hz
reqs(b,a,u); Erequency response has 3 input arguements

vector (conplex mmbers)

“Magnitude Response (Frequency response)

nag=abs (H) ;

plot(e, mag): grid on

xlabel('Frequency (Hz)');

ylabel{'Auplicude’) ;

Line(g,.707);

title('Zoom in on intersection with line and press a key.')

pause,
title('Click on intersection.');
[%p, yp]=ginput{1) ;

axis{[0 50 0 11)

title(['[2.b.1] Hagnitude Response of System. Lowpass filter with cutoff of ', mmezstr(xp(l)),'Hz'])
pause,

“Phase Response

theta = angle(H);

plot(f, theta); grid on
xlabel{'Frequency in Hz');
ylabel{'Phase in radians');
title('Phase Response')
title('Click on output at £=10Hz. '
[%p, yp]=ginpuc(1) ;
title({'[2.b.1] Phase Response of System. Phase shift at 10Hz [cutoff) is ', mmzstr(yp(l)),'rad or -\pi/2'l)
pause,







Program Listing 2.b-1. Matlab code used to implement problem 2.b.i

See Results section of this report for graph. Full program listing is attached.

	
[image: image14.png]sVerification of Phase Response at l0Hz

ind(£5210 & te= (10+Perion)); % After 10 seconds the system is effectively at steady state
in(wee)

yelsino,ax,0)

(ind) ;

Cosxiind)

y_sa=y(ind)

hold off

cie

Tegena( oz ')

hold on

Saxis([10 (10+Period) -0.07 0.07]) % set axis to display 1 oscillation at steady state
splot(t_ss, [y ss,x_sa1):

Blot (£,7,'7)

grid on

hold on

Blot (£,%)

vitle([ Manually zoom in at steady state'])

pause,

xlabel{'Tine in seconds');

ylabel{‘huplicude’) s

legend ('y (output]', 'x (input]')

title(['Click on rising edges of waveforns, input first'])

[xp, yp]=ginput () ; % get mouse input on graph to determine phase shift by inspection
phased = xp(1) - xp(2): % input - output.

phases = (phases/Period) % 2 % pi

Title(['Verification of phase response at ',mumZstr(f],'Hz, phase shift=',mumZstr(phase3], 'r']]
disp('Please hit a key')

pause,






Program Listing 2.b.i-2. Matlab code used to verify problem 2.b.i

See Results section of this report for graph. Full program listing is attached.

ii) ao=1, a1=4(, a2=(20()2, bo = b2= 0, b1=a1. 

What is the type of this filter? Determine the center frequency and bandwidth in Hz.

	
[image: image15.png]% Problen [2.b.11] Bandpass Filter
cls,

a=[1, 4%pi, (20%pi}*2]:
0, 4%pi, 0];

£2[0:.01:50] "

w = Zepive;

Hetreqs(b,a,u):

£requency vector from 0 to 50 Hz
frequency expressed in rad/sec rather than Hz
Erequency response has 3 input arguements
vector (conplex mmbers)

Finding the nmagnitude response

“Magnitude Response (Frequency response]

nag=abs (1) ;

plot(z, mag): grid on
xLabel (' Frequency (Hz]'
ylabel ('Auplitude’];
Line(£,.707)

title('Zoom in on intersections with line and press a key.'):

pause,
title('Click on intersections. (left side first]'):
[%p, ¥p]=ginput () ;

banduidth = xp(2}-xp (1]

centerfreq = xp(L]+(bandwidth/2]

peakenax (nag)

axis([0 50 0 1]);

title(['[2.b.11] Hagnitude Response of System. Bandpass Filter with center frequency of ', mm2str(centerfreq),'Hz, bandwidthe'
pause,

theta = angle (H)
plot(s, thetal: grid on
xlabel (' Frequency in Hz');
ylabel('Phase in radians');

axis([8 12 -2 21);

title('Click on output at £=9Hz and
[%p, yp]=ginpuc(2) ;

axis([0 50 -2 2]);

title(['[2.b.11] Phase Response of System. Phase shift at OHz is ', num2str(y(l)),'rad. and LIz is ', num2str(wn(2)]])
pause,

1Hz. (left side first]')

5 End






Program Listing 2.b.ii. Matlab code used to solve problem 2.ii.

See Results section of this report for graph. Full program listing is attached.

Results
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Figure 1. Step response of y for a0 = 0.2.
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Figure 2. Step response for a0 = 0.5.  As a0 is increased, 

the system takes longer to go to steady state.
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Figure 3. Step response for a0 = 1  As a0 is increased, 

the system takes longer to go to steady state.
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Figure 4. Step response for a0 = 1.  At this value, a0 takes 

approximately 10 seconds to go to steady state.
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Figure 5.  As suggested in the tutorial, a0 vs t_trans was graphed.  

As the coefficient a0 is increased, the transient phase of the response

is also increased.  That is, a larger value of a0 causes the system to 

take longer to go to steady state.
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Figure 6.  Input and output waveforms of the system for 2Hz.  This 

graph is used to realize the phase shift for this frequency through 

inspection (using the ginput function in MatLab),  as well as peak values.  

In this case the output is lagging the input.  Computed values are 

contained within graph.
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Figure 7.  Input and output waveforms of the system for 4Hz.  This 

graph is used to realize the phase shift for this frequency through 

inspection (using the ginput function in MatLab),  as well as peak values.  

In this case the output is lagging the input.  Computed values are 

contained within graph.  As frequency is increased, there is a larger

magnitude of phase shift.

[image: image23.png]1711

1.9994, Y Max:

Steady State Respanse for 6 Hz, phase shift=-0.52119r, X Max:

apnydury

516

I

1

5

2

i

5

i

Time in secands




Figure 8.  Input and output waveforms of the system for 6Hz.  This 

graph is used to realize the phase shift for this frequency through 

inspection (using the ginput function in MatLab),  as well as peak values.  

In this case the output is lagging the input.  Computed values are 

contained within graph.  As frequency is increased, there is a larger

magnitude of phase shift.
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Figure 9.  Input and output waveforms of the system for 8Hz.  This 

graph is used to realize the phase shift for this frequency through 

inspection (using the ginput function in MatLab),  as well as peak values.  

In this case the output is lagging the input.  Computed values are 

contained within graph.  As frequency is increased, there is a larger

magnitude of phase shift.

[image: image25.png]1.4093

1.9951, Y Max:

0.79626r, X Max=

Steady State Response for =10 Hz, phase shif

apnydury

51

508 609

505 506 507

04

503 .

[i7}

5

1

50

Time in secands




Figure 10.  Input and output waveforms of the system for 10Hz.  This 

graph is used to realize the phase shift for this frequency through 

inspection (using the ginput function in MatLab),  as well as peak values.  

In this case the output is lagging the input.  Computed values are 

contained within graph.  As frequency is increased, there is a larger

magnitude of phase shift.
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Figure 11.  Input and output waveforms of the system for 12Hz.  This 

graph is used to realize the phase shift for this frequency through 

inspection (using the ginput function in MatLab),  as well as peak values.  

In this case the output is lagging the input.  Computed values are 

contained within graph.  As frequency is increased, there is a larger

magnitude of phase shift.
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Figure 12.  Frequency response of the system described in problem 1.b, 

which corresponds to a lowpass filter.
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Figure 13.  Phase response of the system described in problem 1.b.
As the frequency is increased, the phase shift is increased in magnitude.
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Figure 14.  Step response of the system describe by problem 2.b.  In this case, the coefficient a0 is .707.
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Figure 15.  Step response of the system describe by problem 2.b.  In this case, the coefficient a0 is .5
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Figure 16.  Magnitude Response of the system.  A horizontal line was plotted at 0.707.  Then the intersection with the magnitude response curve was zoomed in on.  The ginput matlab function was then utilized to obtain the cutoff frequency.  Since the ginput function is not precise, a value of 10.0001 Hz was yielded.  For practical purposes this value is rounded to 10 Hz.  This frequency response curve corresponds to a lowpass filter.
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Figure 17.  Phase response of the system in problem 2.b.i.  Built in Matlab functions were 

used to obtain a precise curve for the phase response (which is verified through inspection 

in Figure 17).  As the frequency is increased, the phase shift is increased in magnitude.
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Figure 18.  Verification of phase shift through inspection of the input

and output curves.  Rising edges were blown up using zoom then points

were inspected using ginput function.
[image: image34.png]i

1.9939Hz, peak="

[2.b.ii] Magnitude Response of Syster. Bandpass fiter with center frequency of 10.0557Hz, bandwidth

apnydury

Frequency (Hz)




Figure 19.  Magnitude response of the system described by problem 2.b.ii.  Corresponds to a bandpass

filter with a bandwidth of approximately 2Hz, centered around 10Hz.
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Figure 20.  Phase response of the system described by problem 2.b.ii.  For input frequencies below 10Hz,

there is a positive phase shift, which decreases in magnitude.  For input frequencies above 10Hz, there is a negative phase shift, which increases in magnitude.  Since the bandwidth is 2Hz, centered around 10Hz, specific values for the phase shift were gathered for 9Hz and 11Hz and are contained within the graph.

Conclusion


This assignment was an in-depth exploration of first and second order LTI systems simulated in Matlab.  For the lowpass filter in part 1, it was realized that as the input frequency is increased, the magnitude response of the system will decrease.  Also, as this input frequency is increased, so does the phase shift.  The lowpass filter in the first section of part 2 also possessed these characteristics.  However, the bandpass filter in part 2 responded with a magnitude of .707 or higher for frequencies in the range of 9 to 11Hz.  For input frequencies above 10Hz, there is a negative phase shift, which increases in magnitude. Through this experiment, we had learned the concept of first and second order LTI systems using Matlab and the various types of filters design application. 
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