Signhal Processing First

Lecture 12
Frequency Response
of FIR Filters
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READING ASSIGNMENTS

This Lecture:
Chapter 6, Sections 6-1, 6-2, 6-3, 6-4, & 6-5

Other Reading:

Recitation: Chapter 6
FREQUENCY RESPONSE EXAMPLES

Next Lecture: Chap. 6, Sects. 6-6, 6-7 & 6-8
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LECTURE OBJECTIVES

INPUT SIGNAL
DETERMINE the FIR FILTER OUTPUT

of FIR [7xg

PLOTTING vs. Frequency
MAGNITUDE vs. Freq

\
PHASE vs. Fre P TN
T H(e) =|H (eIl e

PHASE
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DOMAINS: Time & Fregquency

Time-Domain: “n” =time
X[n] discrete-time signal

X(t) continuous-time signal

Frequency Domain (sum of sinusoids)

Spectrum vs. f (Hz)
ANALOG vs. DIGITAL

Spectrum vs. omega-hat
Move back and forth
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DIGITAL “FILTERING™

X(t
L’ A-to-D FILTER D-to-A ———

(0
CONCENTRATE on the

SINUSOIDAL INPUT
INPUT
Then, OUTPUT
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FILTERING EXAMPLE

6
7-point AVERAGER  y,[n]=>"(4)x[n k]
Removes cosine k=0
By making its amplitude (A) smaller

3-point AVERAGER 5 2 )
Changes A slightly Ys[nl= %%)X[n —k]
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3-pt AVG EXAMPLE

Input: x[n] = (1.02)" + cos(2zn/8+z/4) forO<n<40

| USE PAST VALUES

Output of 3-Point Running-Average Filter

7-pt FIR EXAMPLE (AVG)

Input : Xx[n] = (1.02)" +cos(2zn/8+x/4) for0<n<40
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CAUSAL : Use Previous Output of 7-Point Running-Average Filtelr
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SINUSOIDAL RESPONSE

INPUT: x[n] = SINUSOID

OUTPUT: y[n] will also be a SINUSOID
Different Amplitude and Phase

Frequency

AMPLITUDE & PHASE CHANGE
Called the

DCONVDEMO: MATLAB GUI

nnnnnnnnnnnnnnn

Get x[n] I | Get hinl

() Flip x[n] @ Flip hin]

Signal Axis:

_ o = xIk]
& o =hin-kl
Multiplication Axis:

R — x[kIhIn-k1

,?TWTQ @TWTQ QTHTQ Comomtyif::; . gs[;(]h[n-k]
$

3 l 111 15l 21; 25 l .'£ ‘ CCCCC | ‘ =

COMPLEX EXPONENTIAL

x[n]= Ael?e®"  _w<n<oo

| x[n] is the input signal—a complex exponential |

yInl=> bx[n—k] =" h[k]x[n K]
k=0 k=0

| FIR DIFFERENCE EQUATION |

COMPLEX EXP OUTPUT

Use the FIR “Difference Equation”

M M - N
y[n]= Zbkx[n —k]= Zbk AeliPgid(n=k)

k=0 k=0
M - A k - - A
k=0

= H () Ae?el®"
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FREQUENCY RESPONSE

At each frequency, we can

RESPONSE

. A M - A
H(el?) = Zbke—ka ‘ «— FREQUENCY
k=0

Complex-valued formula
Has MAGNITUDE vs. frequency
And PHASE vs. frequency

Notation: 'H (ei®) in place of H ()
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EXAMPLE 6.1

{bk}:{]-! 21 1}

e I(eI 4 24 619 SYMMETRY

=e 1?2+ 2c0s D)
Since (2+2cos@) >0
Magnitude is ‘H (ej@)‘ =(2+2c0s®)

and Phaseis ZH(e!?)=-&
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Magnitude of Frequency Response of FIR Filter with Coefficients [1, 2, 1]

{bk} = {112:’1}

-3 -2 -1 0 1
H(e!”) = (2+2cos@)e 1 | RESPONSE at /3
Phase Angle of Frequency Response of FIR Filter with Coc/icicnls [1,2,1]

/

@ (radians)

\ 50

EXAMPLE 6.2

Find y[n] when H (e'®) is known
and x[n] = 2e!7/4e)(7/3)n

——HE)——

BTH A Pl T I

H(e1®) = (2+2cos@)e™1®
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EXAMPLE 6.2 (answer)

Find y[n] when x[n] = 2e/7/4gl(/3"

/

One Step -evaluate H(e'®)atd =r/3
H(e!?) = (2+2cosd)e™1?
H(e?)=3e""" @o=xr/3

y[n]= (3e—j7r/3)x 2piml4gi(xI3N _ ga-ir/124i(x/3)n
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EXAMPLE: COSINE INPUT

Find y[n] when H (e®) is known
and x[n]=2cos(%n+7%)

—— H(e*)—

BT A vl T I

@ @

H(e1?) = (2+2cos@)e ™ 1?
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EX: COSINE INPUT

Find y[n] when x[n]=2cos(%Zn+ %)
ZCOS(%n +%) _ ej(7zn/3+7r/4) n e—j(ﬂn/3+ﬂ'/4)
= X[n] = x[n]+ X,[n]

Efr?earity yl[n] =H (ejﬂ/3)ej(ﬂn/3+ﬂ/4)

yz[n] —H (e—jﬁ/3)e—j(7m/3+7r/4)

= y[n]= y,[n]+ y,[n]
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EX: COSINE INPUT (ans-2)

Find y[n] when x[n]=2cos(Zn +%)
H(e'®) = (2+2cosd)e™1?
y,[n]=H (ejﬂ/3)ej(7m/3+zr/4) _ 3p-1(x13)gi(m/3+7/4)
Y2[n] —H (e_jﬂ'/3)e—j(72'n/3+ﬂ/4) _ 3ej(ﬂ'/3)e—j(ﬂ'n/3+ﬂ'/4)
y[n] _ Bej(ﬁn/3—7r/12) n 3e—j(7m/3—7z/12)
= y[n]=6cos(5n—-7




MATLAB:
FREQUENCY RESPONSE Time & Frequency Relation
Get Frequency Response from h[n]
VECTOR contains Filter Coefficients Here is the FIR case:
SP-First: ’ )
jo —jo jo
FILTER COEFFICIENTS H (e ) Zb € kzohl;‘k]e
o oA M - A
H(el?) = > e 17" \
=0 IMPULSE RESPONSE
BLOCK DIAGRAMS UNIT-DELAY SYSTEM
Equivalent Representations Find h[n]and H (ej“A’) for y[n] = x[n —1]
—. h[n] — —oln-1]—
{0 3={0, 1}
— H(e)— e —jo Lo,
M@ JJLL@ M M&




FIRST DIFFERENCE SYSTEM

DLTI Demo W|th Sinusoids

7 Discrete LTI (Linear
Efot PIM Help

INPUT SIGNAL

Mag nitude of the Filter

QUTPUT SIGNAL

Find h[n]and H (e'?) for the Difference B urw l ﬁﬁ: FILTER | ““’" yin]
Equation:  y[n] = x[n]-x[n-1] v i ,
Y St T B ™
—— s[n]-on-1] |— - D
jo u\\ Vbt
He )/\ = R
y[n] &
e Ja) " 4;4 :-o:.z : 002 04
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CASCADE SYSTEMS CASCADE EQUIVALENT
?
Does the order of S, & S, matter” MULTIPLY the Frequency Responses
NO, LTI SYSTEMS can be rearranged !!!
WHAT ARE THE FILTER COEFFS? {b,} Al H (eic?)) 'H (e"‘?’) y[n]
WHAT is the overall FREQUENCY L 2
RESPONSE ? _
x[n] H (er) y[n]
Al LTI | wlnl LTI 2 Ml -
— - "
hy[n h,[n EQUIVALENT = — —
oln] 1 [s,] hi ol [, | bl <heln] SYSTEM H(e!”) = Hy(e')H,(e')




