ECE-2025 Spring-2006

Lecture 13
Digital Filtering of Analog Signals
27-Feb-06

Info: Web-CT, Lab, HW

Quiz #2 on 17-March (Friday)
Coverage: HW #5, #6, #7 and #8

HW #6 due this week

Lab #7 is posted
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Perseverance

A lowly virtue whereby mediocrity
achieves a glorious success...A. Bierce

Bear in mind, if you are going to amount to anything,
that your success does not depend upon the brilliance
and the impetuosity with which you take hold, but
upon the ever lasting and sanctified bull doggedness
with which you hang on after you have taken
hold...Dr. A. B. Meldrum

Lecture

2/24/2006 ECE-2025 Spring-05 jMc 3

READING ASSIGNMENTS

This Lecture:
Chapter 6, Sections 6-6, 6-7 & 6-8

Other Reading:

Recitation: Chapter 6
FREQUENCY RESPONSE EXAMPLES

Next Lecture: Chapter 7
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LECTURE OBJECTIVES

Two Domains: Time & Frequency

Track the spectrum of x[n] thru an FIR
Filter:

How does Frequency
Response affect x(t) to produce y(t) ?

- H (ej“A’) o Dto-A X

___L__AA FIR ___L__AA

[0 0

X(®)
—— A-to-D
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TIME & FREQUENCY

M M
yIn]=> bxin—k]= " h[k]x[n —k]
k=0 k=0

| FIR DIFFERENCE EQUATION is the TIME-DOMAIN |

- A M - A
H(e!”)=>"h[k]e 1*¥
k=0

H(e!®) = h[0]+h[1]e* + h[2]e /2 + h[3]e 1** +...
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Ex: DELAY by 2 SYSTEM

Find h[n]and H (ej‘?’) for y[n] = x[n-2]

DELAY by 2 SYSTEM

h[n] b, ={0,0,1}
h[n]=0o[n-2]
- H(el?)—-
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Find h[n]and H (ej“A’) for y[n] = x[n-2]

——o[n-2]—
H(e!)
0 fa=j2e
T Mavamnt NI
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k=0

H(e'?) = id[k —2]eIek

k=2ONLY




GENERAL DELAY PROPERTY

Find h[n]and H (ejaA’) for y[n]=x[n—ny4]
h[n]=o[n—ny]

- A M VN - A
H(e'”) =) s[k —ngJe " 6’@
k=0

ONLY ONE
non-ZERO TERM
fork atk=ny
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FREQ DOMAIN --> TIME ??

START with H (e*) and find h[n] or b,
x[n] h[n] ylnl | h[n] =7

H (e1?) = 7e712% cos(d)

x[n] joy L]
He!”)—
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FREQ DOMAIN --> TIME

PREVIOUS LECTURE REVIEW

H (ejé)) = 7e—j2&3 COS(C(’}) EULER’s Formula

=7e7129(0.5e1? 1+ 0.5e71%)

— (3.5e‘j“1+ 3.5e‘j3Q

h[n] = 3.55[n 1]+ 3.55[n> 3]
b, ={0,35,035}
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SINUSOIDAL INPUT SIGNAL
OUTPUT has SAME FREQUENCY
DIFFERENT Amplitude and Phase

FREQUENCY RESPONSE of FIR
MAGNITUDE vs. Frequency
PHASE vs. Freq PHASE
PLOTTING

MAG

H(e!) =|H (1) "
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FREQ. RESPONSE PLOTS

DENSE GRID from-n to +n

HH = freqgz(bb,1,ww)
VECTOR contains Filter Coefficients
DSP-First:

PPN M PPN
H(e'”) =) be e
k=0
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Magnitude of Frequency Response of FIR Filter with Coefficients [1, 2, 1]

{bk} = {112’1}

H(e!”) = (2+2cos@)e 1 | RESPONSE at /3
Phase Angle of Frequency Response of FIR Filter with Cocldcicms [1,2.1]

@ (radians)

EX: COSINE INPUT (ans-2)

Find y[n] when x[n] =2cos(Zn +Z)
H(e!”)=(2+2cosw)e
y,[n]=H (ejﬂ/3)ej(7rn/3+7r/4) _ 3~ 1(7/3)gi(m/3+7/4)
y2 [n] —H (e—jﬂ'/3)e—j(ﬂ'n/3+ﬂ'/4) _ 3ej(ﬂ'/3)e—j(7rn/3+7z/4)
y[n] = Qel(m/3-7112) | o= j(an/3-7/12)

= y[n]=6cos(5n—-7

19

SINUSOID thru FIR

F H'(e®)=H( )
Multiply the Magnitudes

Add the Phases
X[n] = Acos(wyn + @)

= y[n] = A‘H (e1%)| cos(dyn + ¢ + ZH (e1%))

I
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LTI Demo with Sinusoids

(Linear Ti

me Invariant) System De

mo ver

INPUT SIGNAL Magnitude of the Filter
1.5cos(0.2nn +0.1n) 1 [
5 /~\ |[FLTER |
208 /
=]
2.5 ,_gu.s
@ f=11
b=} <0.4
go.ﬂl 1 N / \
I R Y
= 094 02 0 02 02
z Normalized Frequency (w/2x)
Phase of the Filter

Amplitude =15
[ T

Frequency =2"pi'0.1

(1.} 01

Phase =0.1"pi

N T E— T 1Y

DC Level =0

\

Phase (radians)
WN =0 =N®

T S

2 0 02

0.4

0.4 -0. g a
Normalized Frequency (w/2x)

1.

OUTPUT SIGNAL | y[n] |>

31 cos(0.2nn-0.1n)

J

1 Amplitude ,
o &

t

A L O A
)

DIGITAL “FILTERING™

x(®)
— A-to-D

x[n] y(®)

H(e'?)
1t AN

D-to-A

@ @ @ W

SPECTRUM of x(t) (SUM of SINUSOIDS)

2,

(0]
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SPECTRUM of x|n]

Is ALIASING a PROBLEM ?
SPECTRUM y[n] (FIR Gain or Nulls)
Then, OUTPUT y(t) = SUM of SINUSOIDS
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FREQUENCY SCALING

11-pt AVERAGER Example

x [ o] s yin] ()
AL e L
[0} ) ) w
TIME SAMPLING: |t =NT,
IF NO ALIASING:
FREQUENCY SCALING| 4
© w=oly =%
S
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x(t) - x[n] |H(eja3) | y[n] - y(®
1] o T | |

10
“yInl=Y ExIn—k]
k=0

) w

250 Hz

25 Hz

sin(3 o)

H(e!?) =

o150 P

11sin(3 o)

X(t) = cos(27(25)t) + cos(27(250)t — 5 7)

24




D-A FREQUENCY SCALING

X(t)
AL

x[n] y[n]

t
D-to-A &

TRACK the FREQUENCIES

w 0] 0]

TIME SAMPLING: |t =NnT; = n « tf;

AN
w

x® - x[n] |H(eja))| y[n] - (t)

(0]

250 Hz TMH(e‘O'S”) 05 |- 250 Hz

j0.057
RECONSTRUCT up to 0.5f, = 25Hz | - 05n H(T™) © 05n |- 25 Hz
FREQUENCY SCALING = fs
Fs = 1000 Hz NO new fregs
11-pt AVERAGER EVALUATE Freq. Response
! Magnit!udeofFrequ!encyResponTeforll-PointRunning A\‘ferager ~ Jé} Sin(% a’))
T NULLS or ZEROS H(e'")=— =
ol | I R T — llSIﬂ(i (0)
At @ =0.5x .
H(eja}): Sln(%(O'Sﬂ-)) e—j5(0.571')
11sin(3 (0.57))
_ sin(2.757) o257
~ 11sin(0. 257z)
: = 0.0909¢ 10°7
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EVALUATE Freq. Response

x(t) = cosm(25)t) + sin(2w (250)¢1)
evaluating at 25 and 250 Hz.
H (ejzyz(25)/1000) _sin(7(25)(11)/1000) o= 27(25)(5)/ 1000

~ 1lsin(w(25)/1000
= 0.8811e 77/

PHASE CHANGE|
sin(77 (250)(11) N000) o 12T (250)(5)/1000
11 sin(7 (250) /10§0)

H (e j27r(250)/1000)

0.0909¢/7/2

Magnitude of Frequency Response for 11-Point Running Averager

PR S B S D S
o “[DIGITAL FILTER | R A TN i
os | A

0 H H H H H 4

-6 —4 -2 0 2 4 6

Discrete-Time Frequehcy &

Equivalent Continuous-Time Frequency Response for f; = 1000
| | EFFECTIVE RESPONSE| gy | o ]
o5 | LOW-PASS FILTER | | N T |

-1000 -500 0 500

v(t) = 0.8811 cos(2m (25)t — 7/4) + 0.0909 sin(27 (250)t — /2) Cyclic Continuous-Time Frequency f
FILTER TYPES B & W IMAGE
- Original Black and White Image -
LOW-PASS FILTER (LPF) ' ' ' ' ' '
BLURRING 20 ¢ ' ( "If/z \3
ATTENUATES HIGH FREQUENCIES 46 \ |~ eJ e |
HIGH-PASS FILTER (HPF) : | ) L | -
SHARPENING for IMAGES " ‘ \ \ .‘ 3. _g
BOOSTS THE HIGHS : 'P | . i‘ j ® E 80 }
REMOVES DC A '2'\ 1 )
BAND-PASS FILTER =t N L ,)* | (b) - ) -
(BPF) AL [ ' J '
P o e | — " - 0 Sln I(;!_l l.‘;{} 3(;0 2:’;{1 31_;:_: 350

Column Index (n)




B&W IMAGE with COSINE

Homework plus Cosine

FILTERED: 11-pt AVG

Remove Cosine Stripe with Averaging Fi'

1 144
20 ‘5 B ﬁl% 20
40 kM ARINBHTEN =
60 I | « 60
80 | i} 2 30
100 D) i LN Z 100
o WAL T J; = 120
140 : il 140

Column Index (n)
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50 100 150 200 250 300 350

ECE-2025 Spring-05
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-
L ] -l*
‘m .ﬁ’ ..:!
- _— :
b N ad #

50 100 150 200 250 300 35(
Column Index (n)

Mc 33

FILTERED B&W IMAGE

Row Index (m)
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40

Row and Column Filtered Image

W

60

’.
N

' "

¥
)

LPF:
BLUR

50

100 150 200 250 300

Column Index ()

350
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ROW of B&W IMAGE

BLACK = 255
Row 40 of the Image
250 [ ’_ ’_‘I T _| T o T T T
200
150
100
50 F
0 — \J —
0 50 100 150 200 250 300 350
Column Index (n)
WHITE =0
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FILTERED ROW of IMAGE

250
200
150
100

11-Point Averaging: 5-Sample Delay Equalization

0 50 l(I)O 150 2(I)O 2;0 300 350
Column Index (1)
ADJUSTED DELAY by 5 samples
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