Multirate Digital Signal Processing

Deals with changing the sampling rate.

Many applications of DSP such as communications, speech and
audio processing require changing in sampling rate.
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Downsampling - 1

Input: x(n). Output:ly(m) = x(mM).
d
Taking one sample from every M samples in the input.

Example: x(n):87489642 -2 -5-7-7-6—-4...

ym):8 8 4 -5 —6...

Let, sampling period of x(n) is 0.1 second [10 samples per second]

Sampling period of y(m) is 3x0.1 second [3.3 samples per second]
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Downsampling - 2

Folding frequency after downsampling:  f,,,/2 = ,ﬁf

If the signal to be downsampled has frequency components larger than the
folding frequency, aliasing noise will be introduced into the downsampled data.

Anti- aliasing filter: H(z) = Low pass filter with

stop frequency edge at oy s
.fﬁ;ﬂ{/z - M

x(n) S w(n) y(m)
Anti-aliasing

f ™ filter H(z) f M f '
f f !

s

E— AR
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Downsampling - 3
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2007 by Academic Press. All rights reserved.

CEN543: Dr. GR [am Muhammad



Downsampling - 4

29 < 1000n

: x(n) = 5si
Let: x(n) qm( 2000

With anti-aliasing filter

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
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Downsampling - Example

[ Given: ] Sampling rate = 6,000 Hz
Input audio frequency range = 0800 Hz

Passband ripple = 0.02 dB :> Hamming window
Stopband attenuation = 50 dB

Downsample factor M = 3, / (Table 7.7)

[ Determine: ] FIR filter length, cutoff frequency, and window type.

[ Solution: ] X0 P w(n) y(m)
- g
f ™ filter H(z) T > 13 —r'
6kHz 6kHz SkHz
TPARY gi0 800 1000
. .ﬁ:‘ﬁ“‘ ;f”’: il — 900 Hz
'\ Stopband: 1-3 kHz
i ' L fkHz

I | I
n nRK 1 2 3
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stop — Jpass 1000 — 800 * *
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Upsampling - 1

Increase the number of samples by a factor of L, in a given period.

Wm) = {1(%) m —=nL

0 otherwise

x) wim) Interpolation yim)
—T_’ TL f "' filter H(z) _T_’
fe LI, i
x(n):8 8 4 -5 —6.... T f
@ Upsample by a factor of 3 l l
wim): 800 800 400 —-500 —600.... T/L Lf,
——/ "/
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Upsampling - 2

Folding frequency after upsampling: /s = Lfs

After upsampling, the spectral replicas originally centered at =f, +2f,... are
included in the frequency range from 0 Hz to Lf,/2 Hz.

To remove these unwanted replicas, interpolation filter is used.

— /

_ T _
Normalized stop frequency edge: (g = 277(;) X (Z) :% radians

s
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Interpolation
filter frequency
response

Upsampling - 3

x(n)

w(m) | y(m)
Interpolation

T W f fiter Hz) [ F

fS

Lfs fgy=LI

“"fs"fsfzo fs/2 Ics
|W(#)]

e m =
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t t —t f
~iz. ~f,—F, /20 1s/8 = — = —fg JLf,
H(f)
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CENg43: Dt Shulam.Myghammad

f (Hz)

f (Hz)

f (Hz)

f (Hz)



Upsampling - 4

(1) = Ssin 29 x 1000n 1 cos 29 % 2500n
M) = - 8000 3000

f. = 8.000 Hz

Original
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Upsampling - Example

[ Given: ] Sampling rate = 6,000 Hz

Input audio frequency range = 0—-800 Hz
Passband ripple = 0.02dB
Stopband attenuation = 50 dB
Upsample factor L = 3,

[ Determine: ] FIR filter length, cutoff frequency, and window type.

[ Solution: ] Interpolation filter operating at the sampling rate = 18,000 Hz

Stopband frequency range = 3—-9kHz

Normalized Ssiop — Jpass 3000 — 800
transition band: Af = fiL - 18000 =0.1222
i 3.3 3.3
Filter length, N = A SRE 27 Hamming window
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Upsampling - Example (contd.)

./:nas.'i +./;"fﬂp o 3000 + 800

= 1900 H
5 Vi

Cutoff frequency: [, =

x(n) w(m) y(m)
Anti-image filter

T - T3 T - H(z) T =

6kHz 18kHz 18kHz

\ | — fkHz

0 0.8 3 6 9
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Changing Sampling Rate by a Non-
Integer Factor L/M -1

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

- | Interpolation Anti-aliasing !
» L :"" fiter HI(z) [ ™ filterH2(z) [ ™ M >

x(n)

..................................................

Copyright & 2007 by Academic Press. AN rights resened.

2 x 10001 29 % 2500n -
Let: (1) = Ssi L /s = 8,000 Hz
e x(71) Sin ( 2000 ) + COs ( 2000 )

We want sampling rate = 3000 Hz. |$ (E) — (.375 = E
M 8

Upsample first by a factor of 3.

Then apply FIR LPF (interpolation filter) with N = 53 and cutoff freq. = 3250 Hz
at Sampling rate = 24.000 Hz. CEN543: Dr. Ghulam Muhammad 13



Changing Sampling Rate by a Non-
Integer Factor L/M -2

] - AN S S S M S
o) e SRSV RO USRS SO U OO

L T e e

0
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After upsampling 1
and interpolation |$ 5 i i i §
0 ! : : : :

filter

0 2000 4000 6000 8000 10000 12000
A Frequency (Hz)
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Filter length = 159

» Cutoff freq. = 1250 Hz
CEN543: Dr. GiWulam Mwwrijijst ||m|t — 1500 HZ 14

To downsample by a factor of M=8:




Changing Sampling Rate by a Non-
Integer Factor L/M -3

After anti-
aliasing filter

After
downsampling

2

1.5
1

0.5

0

1
0.5
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To use only one filter, we choose N = 159 and
cutoff freq. = 1250 Hz (lower bandwidth).
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Changing Sampling Rate by a Non-
Integer Factor L/M -Example

i) yrimscanassson e " svansmmvsanzes yim)
; Interpolation Anti-aliasing :
—» 18— fiterHiz) [P fiterH2(z) [ * 12 —>
H(2)
Audio input x(n) is sampled at the rate of 6,000 Hz,
A, Audio output y(m) is operated at the rate of 9,000 Hz.

Copyright © 2007 by Acaderic Press. A rights reserved.
Upsample and H1(z):

Input sampling rate = 6000 Hz. Nyquist freq. = 3,000 Hz.

New sampling rate = 18,000 Hz. New Nyquist freq. = 9,000 Hz.

So, we have to stop frequency 3,000 — 9,000 Hz.
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Changing Sampling Rate by a Non-
Integer Factor L/M -Example (contat)

Specifications for the interpolation filter H,(z):

Passband frequency range = 0-2500 Hz
Passband ripples for H(z) = 0.04dB
Stopband frequency range = 3000-9000 Hz
Stopband attenuation = 42 dB

i\ ' t— fkHz

0 2.5 3 6 9

H(2)

Input to H,(z) has sampling rate = 18000 Hz. Nyquist freq. = 9,000 Hz.

New sampling rate = 9,000 Hz. New Nyquist freq. = 4,500 Hz.
So, we have to stop frequency 4,500 — 9,000 Hz.
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Changing Sampling Rate by a Non-
Integer Factor L/M -Example (contdz)

Specifications for the anti-aliasing filter H>(z):

Passband frequency range = 0-2500 Hz
Passband ripples for H>(z) = 0.02dB
Stopband frequency range = 4500-9000 Hz
Stopband attenuation = 46 dB

Ha(2)
i\ | — 1 kHz

1 |
0 2.5 45 6 9

Combined specifications H(z): Choose lower one

Passband frequency range = 0-2500 Hz

Passband ripples for H(z) = 0.02 d/

Stopband frequency range = 3000=9000 Hz

Stopband attenuationt™=>4@¢dRBy=m Muhammad 18



Changing Sampling Rate by a Non-
Integer Factor L/M -Example (contas)

. — — 2500
Transition band: A :-[“”P Jpass — J000 — 2 — (0.0278
4 Jst 18000 '
Filter length: N 3.3 5.3 — 118.8.

We choose N = 119

Jpass + fstop 3000 + 2500

—2750H
> > £

Cutoff frequency: /. =
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Multistage Decimation - 1

Multistage approach for downsampling rate conversion is
useful to reduce filter length.

Example: . _ .
Original sampling rate: f; = 240 kHz

Audio frequency range: 03,400 Hz i

Passband ripple: 6, = 0.05 (absolute) Design a t.wo-
Stopband attenuation: 6, = 0.005 (absolute) stage decimator
FIR filter design using the window method

New sampling rate: f;3; = 8kHz

M =B 30— 103 [ Mi =10 and Mz =3

1 () N =111 o HO—— SOUUPURUIN. ... .. - W—

: , Anti-aliasing _| M j ., Anti-aliasing M A

; filter H1(z) ; ul I ; filter H2(z) ' = 1% ’
24DRH2- ............................ 24RH2 ............................. SkHz
A CEN543: Dr. Ghulam Muhammad 20
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Multistage Decimation - 2

Filter specification for H;(z):

Passband frequency range: 03,400 Hz

Passband ripples: 0.05/2 = 0.025 (8, dB = 20logo(1 + 6,) = 0.212dB)
Stopband frequency range: 20,000--120,000 Hz

Stopband attenuation: 0.005, 6; dB = —20 x log,, (65) = 46dB

Filter type: FIR, Hamming window.

1. fi 240000 240000

— — — — — — 20000 Hz
Jstop M, 2xM 10 2 % 30
x(n) y(m)
Anti-aliasing Anti-aliasing

™ filter H1(2) > 110 " filter H2(2) JIR "
|_H1\(2) Hy(2)
LN .l | fkHz i | — fkHz
0 20 40 80 120 0 4 8 12
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Multistage Decimation - 3

[im - f 55 20000 — 3400 33
Af —Lstor — Jpass — 0.06917 20 |:> 4
[ YA I 540000 N Y 47.7 N = 49

f :-fFHSS +.ﬁ:mp _ 20000 + 3400
Je 3 5

= 11700 Hz

Filter specification for H>(z):
If use one stage,

the filter length
would be 1321

Passband frequency range: 03,400 Hz
Passband ripples: 0.05/2 = 0.025 (0.212 dB)

Stopband frequency range: 4.000-12.000 Hz
Stopband attenuation: 0.005, 6, dB = 46dB

Filter type: FIR, Hamming window

frop — foass 4000 — 3400 3.3
Af — Jpass _ —0.025 _ 27 _
[ / — 52000 N v, 132 _[> N — 133

1 e er.f%m@vg@‘-" ) ;“34 %3700 Haz ”




What is Forensics?

The use of science and technology to investigate and
establish facts in criminal or civil courts of law.

[The American Heritage® Dictionary of the English Language]

Human Witness: (may be)biased, fading memory, etc.

Forensics Sciences : unbiased.....if applied correctly.
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Types of Digital Forensics

*Digital Image Forensics
*Digital Video Forensics
*Digital Audio Forensics
*Biometric Forensics

*Multimedia Forensics
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Example: Digital Image Forgery
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Digital Audio Forensics

Classification:

Digital Audio

Forensics

™
7

Tape
Authentication

[

~
7

Identification

[

~
7

Speech
Enhancement

[

™
7

Environment
Detection

[

CEN543: Dr. Ghulam Muhammad

How

Speaker J\Nho

What

Where
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