Section M7: Statistical DSP blocks

These blocks appear at the top of the smulation area

Table of blocks

Block notation Description

Autocorr Computes the autocorrelation values of asigna
LPC Compuites the linear predictor coefficients (L PC)
LPC+ Compuites the linear predictor coefficients (LPC)
Lag Win Windows atime-domain signal

Sym Corr Finds the symmetric autocorrelation

Corlogrm PSD estimation using Correlogram method
Prdogrm PSD estimation using Periodogram method
Spectrogram Provides frequency versus time plots

AR Es. AR estimation based on the Levinson-Durbin agorithm

Autocarr § LPC B LPC+ § LagWin § SymcCaore § Corlogrm § Prdodgrm § Spectrogram | AR Est



M7.1

Block name:  Autocorrelation Notation: Autocorr

Description: This block calculates the autocorrelation sequence of a signal. The user needs to
specify the number of lags and select whether they are computed for a particular frame (“this
frame”) or for “dl frames’. An option for “biased” or “unbiased’ normalization is provided.

Pin assignment:

Pin | Description
1 | Time-domain signal x(n)
2 | Autocorrelation r,(m)
Lartocomr
>1 la 2> 3
Dialog window(s):
5
Autocarrelation 1] 0.00439 -

1 0.0036247

Name: El 0 Frame Mo: 13 g 0303051;3?
g 4 -0.00207 26
- 5 -0.0031334
Frame Size: 256 Samples B o027
7 -0.0024403

No.of &utocor: — |100 Lags g -8 BEIE-4

3 8.347E-4
10 0.0020512
11 0.0024256
Compute Lags far ]I g g 331824‘1 4

& Thi frame ' Allframes 1 14 4 954E-4
L - 15 -0.0016213
Normakzation: 0 il a0 il B 100 16 -0.0021258

" Unbiased ¥ Biased Lags :Ilg ggg} 2048 =
Walues | Close | Update | Help Closs |

‘Warnmg: Applet Window [warnina: Apolet Window

(a)Autocorrelation dial og window and output values

Script use:
Name: autocorr
Example code: <param name =*“3” vdue = “B3-autocorr(3,1)" >

Equation(s) Implemented :
N-m1
(M==a X (n+mx(n)
n=0
where, misthe number of lags;, 0 = m= N-1
If L = N, a biased autocorrelation sequence is obtained
If L= N —m, an unbiased autocorrelation sequence is obtained
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M7.2

Block name:  Linear prediction coefficients Notation: LPC

Description: Thisblock computes the linear predictor coefficients (L PC) based on the Levinson-
Durbin agorithm.

Pin assignment:

3> An | Description

1 | Time-domain signa, x(n)

>1 2 | Autocorrelation sequence, ry(m)

Z,I;P': 4> 3 | LPcoefficients, a;

>2 4 | Residua sgnal, e(n)
5
6

Dialog window(s):
LPC Coefficients
Order;  [NO

LPC coefficients
A 1.0 A 18936 A[Z): 1.5816 A[3} 07536  A[4] 00424 AR 05329
AR -0.3005  A[F): O.OBB?  A[SF 01798  A[9] -0.2908 A0} 01715

Cloze | Update I Help |

|Warning: Applet Window

(a)LPC dialog window

Script use:
Name: LPC
Example code: <param name =“3” vaue = “B3-LPC(3,1)">

Equation(s) Implemented :
Residual signd is given by, e(n) = x(n) - é’i ax(n-i)
i=1
LP synthesisfilter is given by, H (2) :+
1+3 a3z

i=1
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M7.3

Block name:  Linear prediction coefficients+ Notation: LPC+

Description: This block calculates the linear predictor coefficients (LPC). The autocorrelation
function is incorporated in this block in contrast to the LPC block.

Pin assignment:

2> An | Description
1 | Time-domain signa, x(n)
— 2 | LPcosfficients, &
>1 1 3> 3 | Residud signal, e(n)

4
5
6

Dialog window(s):
- None-

Script use:

Name: LPC+

Example code: <param name ="“3" vaue = “B3-LPC+(3,1)">
Equation(s) Implemented :
Residual signal is obtained by using the equation, e(n) = x(n) - é ax(n-i)
i=1

1
LP synthesis filter is given by, H(2) =

1+aaz’

i=1
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M7.4

Block name:  Lag window Notation: Lag. Win

Description: This block windows the input signal with a user-defined window function. The
window functions available are: Hamming, Hanning, rectangular, Bartlett, Blackman, and Kaiser.

The maximum window length is 256 samples.

Pin assignment:

Fin | Description
1 | Autocorrelation sequence, Iy, (m)
— 2 | Windowed autocorrelation, r(m)
>1 o 2| [ 3
4
5
6
Dialog window(s):
Lag Window
Lag ‘Window
Mame: a

Lag “Win. Type: IHamming "l
Samples: 100

Wfindow Presview:

ng A
H“ “H“H“H“H||H”||H||H||||||”|| ||||"||"”"”" [ 1T1TTTNTETTTTem
053994267
0 20 40 E0 =l 100

Lags

Warning: Applet Window

(a)Lag. Win dialog window

Script use:
Name: lagwindow
Example code: <param name =*“3” vaue = “B3-lagwindow(3,1)">

Equation(s) Implemented :

M (M) = W(m)r,(m)

I'«(M) is the autocorrelation sequence and r*,(m) the windowed autocorrel ation.
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M7.5

Block name:  Symmetric correlation Notation: Sym. Corr.

Description: This block makes the autocorrelation lags, r, Symmetric so that they can be used
with the FFT block in order to calculate the power spectral density (PSD). Symmetry of the
autocorrelation sequence around 0 is modified to symmetry around the edges

Pin assignment:

Fin | Description
1 | Autocorrelation sequence, ry(m)
2 | Symmetric autocorrelation sequence, - (m)
Spn o
>1 4a 2> 3
4
5
6
Dialog window(s):
o
Symmetric Autocormelation
Mame: a 0 1.4E-4 il
1 1.35E-4
FFT Size [N): 256 2 1.24E -4
3 1.02E-4
MNo.of Lags (M) [101 Lags 4 8.8E-R
5 E.5E-5
B 41E-5
1.417E-4 7 1.7E-5
g -4.0E-6
9 -24E-5
10 -4.1E-5
1 -5.4E-5
12 -6.5E-5
474 13 -7.2E-5
50 100 150 200 250 14 7OE5 |
Lags
Values I Cloze I Update I Help I Claze |
‘Warning: Applet Window |Warning: Applet \Window

(8)Sym.Corr. dialog windowand output values

Script use:
Name: symcorr
Example code: <param name =*“3” vdue = “B3-symcorr(3,1)">

Equation(s) Implemented:
r® (N-my=r_(m);
wheren = FFT size and m= number of lags

For exampleif the FFT size, N = 8, and the number of lagsis 3, then
r9%(8) = 1 (0), 19%(7)= 1x(2), r(6)= r«(2), and so on.
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M7.6

Block name:  Correlogram Notation: Correlogram

Description: This block computes a PSD estimate by performing an FFT on the symmetric

autocorrel ation sequence.

Pin assignment:

An | Description
1 | Symmetric autocorrelation sequence, I, (im)
— 2 | PSD estimate, Ru(k)
>1 P 2> 3
4
5
6
Dialog window(s):
Caonelogram
Marne: a
FFT Size (M} |256
30 M agnitude [dE]
i
430
pif2 i

Cloze | Update | Help |

|Warning: Applet Window

(a)Correlogramdialog window

Script use
Name: corrlog
Example code: <param name =*“3” vadue = “B3-corrlog(3,1)">

Equation(s) Implemented :
1 él\é—l _€éj2pkm
R.(K) ==8q r9%(me® "

N gm0

N = the length of the sequence
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M7.7

Block name:  Periodogram Notation: Prdogm.

Description: This block estimates the power spectral density (PSD) by operating directly an the
data set. Two different periodograms can be used to estimate the PSD: sample spectrum or Welch
periodogram. The user can specify the number of “smooth over” points to implement the Daniell
periodogram over the sample or the Welch periodograms.

Pin assignment:

Description
Input x(n)
Ew— PSD estimate, Ry(k)
>1 iz 2>

o o & w| N[ =

Dialog window(s):

Prapkad igrai o D 140110903337 &
| U s 1
rame.  [5a b _ _ W i e BT 2 454 034908154
E I 3 1!2 11.'- I?ﬂ wg
Peiadogram’  [Bampis Bpsdtnem = | : ':u?g 15;;3;
L : i
o R YL ! £ 06630
FFTsee  [158 R b s ] 3 172 474
L 125 8231TEN
Winoaw  [Reclanpular =| . 11 120 ALd167IT
1 : o : P 12 105 BIE4 454
Smacth car |2 Faints £ L3 13 1815277560
Chee | Vel | ipdaie | Heip | % k
ctone |
Javy Fppie Wingow
i Appha Windaa
(a) Prdogmdialog windowand output values
Script use:
Name: periodgm
Example code: <param name =*“3” value = “B3-periodgm(3,1)">
Equation(s) Implemented :
15t _j2pkn 2
The sample spectrum of thep” frameis given by, R (k) =—|g w(n)x"(n)e N |,
n=0

P
Welch periodogram, R (k) = %é R® (K)
p=l

w(n) =window, x’(n) = The p" frame of the time-domain input signal.
R (K) = Welch PSD estimate of &l the frames.
RP (k) = Sample PSD estimate of thep™ frame.
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M7.8

Block name:  Spectrogram Notation: Spectrogram

Description: This block calculates the spectrogram (frequency \ersus time plot) of the given
input signa. The window types available are: Hamming, Hanning, rectangular, Gaussian,
Bartlett, and Kaiser. The window length, the number of FFT points and the resolution can be
specified by the user. By moving the cursor on the plot, the normalized magnitude, and the xy
coordinates can be viewed.

Pin assignment:

Description

Time-domain signal, x(n)

Spectrogran

>1 gh

ol ol &l || 2

Dialog window(s):

Spectrogram block |
Window Type: e Window Length:  |128 Mo, of FFT points: |256 vi
Resalution: |2 & de " Linear
normalized frequenc
{5 2 Y o

o A T o -'_:.—:- = :.- "=
1 I’ '_| ;‘ e £
g By

0 4096 8191
fime samples

Close | Update | Help |

Java spplet Window

(a) Spectrogramdialog window

Script use:
Name: specgram
Example code: <param name="3" value="B2-specgram(3,1)">
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M7.10

Block name: AR estimator Notation: AR Est

Description: This block computes the AR coefficients and plots the auto-regressive spectrum of
the input signa using the Levinson-Durbin agorithm. The following lag windows are available:
rectangular, Hamming, triangular, and Gaussian. The maximum number of AR coefficients
allowed = 64.

Pin assignment:

3> Fin | Description
1 | Time-domain signa, x(n)
e 2 | LPC spectrum, R (K)
>1 a 2> 3 | AR coefficients, a
4
5
6
Dialog window(s):
AR Spectral Estimation [ Il 4R Filter Co... [X]
Name: |7d 20, Magnitude (o8 MRonter 32
AR Coshioiemts -
Lag Window: Rectangular 2] ?;
g1 -ndE7m
AR Order: ,? \W ;‘f:’"! Hg:u
0 a4l 020063
W \ a5]  0.255
asl 91215
=T] -1.31668
=100 =] 0.1E5TT
" " ] 0852
pifz B A0 04062
11 4114828
13 i
MNormalization: Unbiased {® Biased
ﬁRCoeﬁ| Close | Update | Help | Close
Java Applet Window Lo Appksl Firdon

(a) AR Est. dialog window

Script use:
Name: AREst

Example code: <param name = *“3” vaue = “B3-AREst(3,1)">

Equation(s) Implemented :

RIM =|—p—
1+§ az'
i=1

Here, a; = Linear Prediction (LP) coefficients and N is the order of the LP filter
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