EE531 (Semester II, 2010)

2. Transient and Frequency Analysis

e Step response
e Impulse response
e Basic frequency analysis

e Improved frequency analysis
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Step response of a first-order system
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Step response of a second-order system
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Step response of a second-order system (cont.)

The local extrema of the step response occur at

k
t, = T k=1,2,... and y(ty) = K(1— (=1)*M*")
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Step response of a second-order system (cont.)

Determine ¢ from
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Impulse response

Consider a system described by

y(t) =D g(k)ult — k) + ()
k=0

where v(t) is a disturbance and w(t) is an impulse input:

a, t=0
u(t) =
{Q t#£0
If the noise level is low, the estimate of g(t) is

i) = 2V
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Basic frequency analysis

Sine-wave input: u(t) = asin(wt)
y(t) = a|G(iw)|sin(wt + ¢) + transient
e Determine the amplitudes and the phase shift of y(¢)

e Repeat for a number of w and obtain a graphical approximation of

G (iw)

e |n the presence of noise, it is difficult to estimate a and ¢
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Determining amplitude and phase

Plot u(t) = asinwt
VS

y(t) = Kasin(wt + ¢)
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e Noisy data make it difficult to determine amplitude and phase
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Improved frequency analysis

sin wt

% . ys(T)
t) fo (1)dt ——
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%
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e Suppress the effect of the noise e(t) by taking correlation with a cosine
function
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Improved frequency analysis (cont.)

If T'=2kn/w , then

: T
ys(T) = a|G(1w)|TCOS¢ +/ e(t) sin wtdt,
2 0
: T
Y(T) = a|G(;w)|Tsingb —|—/ e(t) cos wtdt
0

e The integral terms can be considered as projections of e(t) on an
orthonormal basis

e The estimate of G(iw) is

Re{G(iw)} = . Im{G(iw)} =
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