Signal Processing First

Lecture 13
Digital Filtering
of Analog Signals
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LECTURE OBJECTIVES

= Two Domains: Time & Frequency
= Track the spectrum of x[n] thru an FIR
Filter: Sinusoid-IN gives Sinusoid-OUT

= UNIFICATION: How does Frequency
Response affect x(t) to produce y(t) ?
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TIME & FREQUENCY

FIR DIFFERENCE EQUATION is the TIME-DOMAIN

H(e”)= f:h[k]e—fé’k
k=0

H(e'®) = h[0]+h[1]e 7 + h[2]e™/*® + h[3]e /*® +---
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Ex: DELAY by 2 SYSTEM

Find h[n]and H(e’®) for y[n] = x[n - 2]

sl [ ] e b, =1{0,0,1}

h[n]=0[n-2]

x[n] H(e]a}) yin]

(] []
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DELAY by 2 SYSTEM

Find h[n]and H(e’®) for y[n]= x[n - 2]
x[n] 5[’1 _ 2] yln]

H(eja"))/-\
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GENERAL DELAY PROPERTY
Find A[n]and H(e’®) for y[n]=x[n—n,]
h[n]=06[n—n,]
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FREQ DOMAIN --> TIME ??

= START with H(e’®) and find h[n] or b,

b pin] Rl A[n]=?

H(e’®)=7¢7%? cos(d)

xln] H(e™) yln]

0) [

[
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FREQ DOMAIN --> TIME
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EXAMPLE 6.2
Find y[n] when H (e’ “3) is known

and x[n] = 2" *e/ 73"

x[n] H(eja‘)) yin]

0) [0}

[

H(e’®)=(2+2cosd)e /®
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EXAMPLE 6.2 (answer)

Find y[n] when x[n] = 277! 4ej(/7r/ 3)n

One Step - evaluate H (e’ ‘?’) ato=m/3
H(e'®)=(2+2cosd)e
H(e®) =373 @d=n/3

y[n]= (3e—j7r/3)x2ej7!/4ej(/r/3)n= 6o /7/12pi (71 3)n
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EXAMPLE: COSINE INPUT

i) by (i) 2L

@

H(e’®)=(2+2cosd)e’®
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EX: COSINE INPUT (ans-1)

20
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EX: COSINE INPUT (ans-2)
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EX: COSINE INPUT (ans-3)
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SINUSOID thru FIR

IF H (/)= H(e ")
= Multiply the Magnitudes

= Add the Phases
x[n]= Acos(on + @)

= y[n]= A‘H(ef“”’l )‘ cos(@yn + ¢+ LH(e™))

[
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DIGITAL “FILTERING”

X0 A-to-D xln]

H(eja’)) yinl D-to-A y@
T T L1 |.\.|w

0] 10} 10}

- SPECTRUM of x(t) (SUM of SINUSOIDS)
" SPECTRUM of x[n]

a) = |s ALIASING a PROBLEM ?

= SPECTRUM y[n] (FIR Gain or Nulls)

- Then, OUTPUT y(t) = SUM of SINUSOIDS
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FREQUENCY SCALING

xg [ o) - yin] - )
T L ET L

(2] 1) 1) w

« TIME SAMPLING: |t = 1T,
= |F NO ALIASING:

11-pt AVERAGER Example

() - xIn] H(ejc?)) yin] - )
I I 1 ‘ 1 1 ‘ 1 I I

10 ~
yinl=Y dxln—k] © ¢
— k=0
250 Hz o 11 4
P sin(-5 @ s
s |H(e?)=2220) -js0|P
11sin(} @)

(4]

= FREQUENCY SCALING| A —
=0l =%
s

x(1) = cos(272(25)1) + cos(272(250)t — 4 77)
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D-A FREQUENCY SCALING

x() - xln] - i [ s
ST | ot PR vt PR

4]

= TIME SAMPLING: |t =nT; = n < tf;

= RECONSTRUCT up to 0.5f;

= FREQUENCY SCALING w = a)f:g
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TRACK the FREQUENCIES

x(1) - x[n] H(ej(b) yin] - y(®
BT TR P P Y ot P Y Y

11-pt AVERAGER

Magnitude of Frequency Response for 11-Point Running Averager

1+ H
08 | NULLS or ZEROS
06 | I
04 | I
02t 1
o : : H 4 1
=3 =2 -1 2 3
Phase Angle of Frequer oA ber
at 1
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-3 =2 -1 o 1 2 3
e & (Radians) 32

@ [} [}
» 250 Hz || 0.5 H(e/%*") |= 0.5m ||= 250 Hz
» 25Hz | ®.05n H(e/"®") = 051 | = 25 Hz
|
EVALUATE Freq. Response
. u A .
H(e?) =G0 g-sso
C 11sin(§ @)
At ©=0.57] T
(e oy _ sin(5(0.57)) oi5(0.57)
11sin(} (0.57))
_sin2.757m) o,
11sin(0.257)
=0.0909¢ /*°"

EVALUATE Freq. Response
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Magnitude of Frequency Response for 11-Point Running Averager
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Equivalent Continuous-Time Frequency Response for f, = 1000
| 1 EFFECTIVE RESPONSE ;
o5 |LOW-PASS FILTER |
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FILTER TYPES

= LOW-PASS FILTER (LPF)
» BLURRING
» ATTENUATES HIGH FREQUENCIES

= HIGH-PASS FILTER (HPE) . tw=temiees
» SHARPENING for IMAGES | s T\
» BOOSTS THE HIGHS .','::‘N ) ! l" | &

« REMOVES DC i
= BAND-PASS FILTER i t“ h a ( q)‘ 2
(BPF) A UL

B & W IMAGE

Original Black and White Image
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Column Index in)

B&W IMAGE with COSINE

FILTERED: 11-pt AVG |

Remove Cosine Stripe with Averaging F

Homework plus Cosine

FILTERED B&W IMAGE

Row and Column Filtered Im.nL_\
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BLACK =255
Row 40 of the Image
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200 +

FILTERED ROW of IMAGE

11-Point Averaging: 5-Sample Delay Equalization
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ADJUSTED DELAY by S samples
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