Using Simulink in Signal
Processing Applications
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Basic Simulink blocks discussed

How to:

1) Specify configuration parameters

2) Read data in from workspace

3) Read data in from multimedia file

4) Listen to a sound file

5) Save data to multimedia file

6) Save data to workspace

7) Specify lIR/FIR discrete filter characteristics

8) Specify internal input data

9) Plot using Scope blocks

10) Implement the LMS algorithm in Simulink

11) Implement the RLS algorithm in Simulink

12) Plot the filter coefficients using the vector scope
13) Plot multiple data streams on the same figure
14) Generate spectrum and spectrogram plots

15) Generate frequency response plot from filter coefficients
16) Listen to processed audio signals
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1) How to set-up

configuration parameters

Check/specify
configuration parameters

Select
Simulation
-> Configuration Parameters
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Required choice for
discrete implementation

— | = ems == | u~ e r M e - ;oo —_1 — — m

#4 Configuration Parameters: ale1/Configuration {Active)

Iv |x

Select: —Sirmulation time

" Start time: |0.0 Stop time: [inf
~Data Import/Export

~ Optimization —Salver options ~ /

V o ‘
El-Diagnostics
~Sarple Time Type: Iﬁed—step S vI SDIverqdiscrete {ho continuous states) S _
~Data Validi
Y _ Fixed-step size (fundamental sample time}: < |1 >
- Type Conversion

- Connectivity /

- Compatibility —Tasking and sample time options

-Mode| Referencing

~Saning
~Hardware Implementati,,, | Tasking mode for periodic samplefimes: Iﬂub:u

Periodic sample time constraint: IUnl:l:unstrained

~Model Referencing
E-Simulation Target
~Gymbols I Higher priority
- Custom Code e . . 3
&Real-Time Workshap Specify sample time used for simulation
~Report

- Camments

™ automatically handle transition for data transfer

Lie indicates higher task priority

- Symbiols

- Custom Code
""Debug
~Interface
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2) How to read data from the workspace

Select
Simulink
—>Sources
->From Workspace

09/03/11

File Edit Miew Help

E Simulink Library Browser =
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- T DSP System Toolhox
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- T Embbedded Coder
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Showing: SimulinkSources
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1 :
i 3] source Block Parameters: From Workspace x|

- ~From Wiorkspace

Read data values specified in matrix or structure format from
I MATLAR's workspace, IN PUT DATA FORMAT

] Matrix farmat can be used only for one-dimensional signals. Each
row of the matrix has a time stamp in the first colurmn and a wector
containing the corresponding data sample in the subsequent

calurmnis).
1) Data must be formatted as
;| Structure format can be used for either one-dimensional ar / CTe:
o | multidimensional signals: yn n 2—[“ meSam p I e,d atasam p I e] y
var time=[TimeYalues] form at . N x 2

var.signals.values=[Datavalues]
var.signalzs.dimensions=[Dimalues]

¢ —Parameters — |- 2) Need to define —timesample- with
(| Data: the correct sampling frequency

1| Sample time:

| 1/2000
™ Interpolate data

¥ Enzble zero-crossing detection

Form outfput after final data value by: |Setting to zero j

1 (814 Cancel | Heln
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E! Simulink Library Browser

File Edit Yiew Help
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3) How to read .wav file

| Select

DSP System Toolbox
-> Signal Processing Sources
- From Multimedia File



[ E Source Block Parameters: From Multimedia F

X

—From Multimedia File

[TTREN TR

Blockset license,

O \Windows, reads video frames and/or audio samples from
a compressed or uncompressed multimedia file, Multimedia
files can contain audio, video, or audio and video data.

Cn non-Yindows platforms, reads video frames and/or audio
- | samples from an uncompressed AWI file.

Yideo functionality regquires a Yideo and Image Processing

Iain | Data Types |
—Parameters

File narme: iB-’-lEEIHFaIIFYllmppSEHaudiul.wav Browse, ., |

¥ Inherit sample time from file

Number of times to play file: Iinf

—Outputs

™ Output end-offile indicator

Samples per audio frame: | 1024

_‘_) 0’4

Cancel

Help
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E! Simulink Library Browser - |I:I |£|

. File Edit Wiew Help

3 JJ O &= B JJIEmer zearch term j“

I Libraries Library: DEP System Toolbox!Signal Processing Sinks | Seg 1|k

Y

E Communications System . ’E] Display
—

E Computer Yision System...

g hl atriz Wiewer

4) How to listen to a
sound file

Select

-
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- Bl DSP System Toolbo:x:

-- IMaL
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!
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ultimedia
Fila
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-~ T Model Predictive Cortrol ..
EEI--E Meural Metwork Toalbox
E Real-Time Windows Target
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- E Robust Control Toalbox _I
-

[E ST = 1 PPN A,

To Audio Device

Spectrum
Scope
0
¥

Triggered Ta
Miakspace

Wactor Scope

oo ol

Showving: D=P System ToalboxiSignal Processing =inks
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DSP System Toolbox
-> Signal Processing Sinks
-> To Audio Device
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E! Simulink Library Browser - |I:I |£|

5 File Edit Wiew Help 5 Save data to a
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Output to Wave device

Need to define file name!

09/03/11

m Sink Block Parameters: To Multimedia File

—To Multimedia File

xists, it will be overwrithen,

Writes video frames and/or audio samples to a multimedia file. Cn
Windows, audio and video compressors are also available to compress
audio and/or video streams in the output file. If the specified outpout file

VidedNunctionality requires a Computer Yision System Toolbox license.

N

—Parameters .

File type: | -

Browse... |

AUdio compressor INIIIFIE funcompressed)

-

audio data type: IDetermirle from input data type

-

Cancel

Help

Apply
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E! Simulink Library Browser

6) Save data to workspace

=10 x|
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Select
DSP System Toolbox
-> Signal Processing Sinks
-> Signal To Workspace
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7) Specify IIR/FIR Filter characteristics

Select
Simulink
- Discrete

- Discrete Filter
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File Edit Wiew Help
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8) Specify internal input data

Select
Simulink

- Sources

-2 White Gaussian Noise

- Sinewave

- Uniform Random Noise
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Specific parameters specified within
each block

_ipix
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9) Plot data using Scope blocks

Select
Simulink
- Sinks
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Inputs)
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10) Implement the LMS algorithm (adaptive noise canceller

Edit Wiew Simulation Format Tools  Help

FEH&E| BB E= 4[] r =

I Mormal

application shown)

Call the LMS algorithm

|| B from:

LMS Adaptive Noise Canceller

DSP System Toolbox

-> Filtering
=> Adaptive Filters
Terminate the output 2> LMS
p| a0 (Available from Simulink=> Sinks)
= Signal
Lrelay \
B Input N-:-rm.alize-:l':"-'tF"-'t"_-'-5 ;
| Desired  LMS R }}) To allow for filter
i Out — .
Propbatanay Ty crorl) coefs updating
(B000Hz/1ChiSb) EOF e e based on external
Fraom Wfawve File non-ZerO Input
value
=TO P audio.waw
Stop Simulation
To Miawe File
To allow for automatic
termination of the
simulation
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09/03/11

=] Function Block Parameters: LMS Filter x|

— LIS Filter

Adaptz the filker weightz based on the chosen algorthm far filkering of the input signal.

Select the Adapt port check box to create an Adapt part on the black. 'When the
input ko this part is nonzero, the block continuouszly updates the filter weights, when
the input to this port iz zero, the filker weightz remain constant.

|f the Reset port iz enabled and a reset event ocourz, the block rezets the filker
weights ko their initial values.

Main I Fi:-ceu:l-p-:uintl

— Parameter

Algorithm: IN armalized Lk5 ;I

Filter length: |50

Specify step size via: IDiaI-:ng ;l

Step size [mul: II:I.F"

P

Normalized LMS
configuration parameters

Leakage factor [0t 1]; I‘I <

[nitial walue aof filker weights: IEI

v fdaptport

Leakage=1 < no leakage

Reszet paort: IN:::ne Id
[T Output filter weights

Cancel

Check to allow filter coef
adaptation based on external
non-zero value

Check if you want to get the
filter coefficient values out

EC4440.MPF - Simulink Introduction
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. File  Edit Wigw Simulation  Format  Tools  Help .
D(EES|2BE|ES b[9[ = pw [Nom N@mae o1 LMSstep size
| = can be varied
| numiz) | —{Input Output . « .
| J% 1 . _Nzrlll:éizedE US|ng the S“der
| eErinnu:IL-l!Irl Mgl w05 He _— Driscrete Filter esire rrar g al n ”
| Bernoulli Binany Biaz gign e Step-size 't
| Generator LMS Filter
| £10
| Crelay z |:|
I Wector desiredifoutput
| Concatenate
| Simulink
1 Fae0 H
| - Math Operations
| Constart \  Slider
] Zain
. Ready 100%:
: | l
22y Logi
<Far Ca J shider Gain 10| x|
I Rl | »l
ity pri L High
ies, an
eola | 0 | 07sm02 | 1
Helg I Close |
: cont
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11) Implement the RLS algorithm (adaptive noise canceller

|

Edit Miew Simulation Format  Tools  Help

application shown)

Call the RLS algorithm

BEHE FBRE &= 4 (<202 =i [Nomal [ 52 o
from:
LMS Adaptive Equalization DSP SyStem TOOIbOX
-> Filtering
-> Adaptive Filters

-2 RLS

> ‘}})

-30
=z Si%al
Crelay Input Cutput
RL%

| Dzsired Emror

From ilave File Out
Proj20 ata.mwawv ELS Filter

(B000H=1MChEbIEQF

From Wiawve File

Stop Simulation

09/03/11

Ta Audio
Crewice

_.

Ta Multimedia File
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=] Function Block Parameters: RLS Filter X|

09/03/11

— RLS filter [mazk] [link]

Computes filker weights bazed on the esponentially weighted recursive least-squares [FLS]
algorithm for adaptive filkenng of the input zignal.

Select the Adapt port check boy to create an Adapt port on the block. When the input to
thiz port iz nonzero, the block continuoulsy updates the filker weights. When the input o
thiz port iz zero, the filker weightz remain constant.

[f the Reset paort iz enabled and a reget event occurs, the block resets the filker weights to
their initial values.

— Parameter

Filter lenath:
[E

Specify forgetting factar via: IDiaIu:ug j

Forgetting factaor [0 ta 1)

RLS
configuration parameters

1.0 <
[ritial walue aof filker weights:
|0

|nitial input wariance estimate:
|1

[~ Adapt port <

A value of 1 specifies an infinite
memory.

Rezet port: IN-:une j
W Output filter weights

] Cancel Help Apply

Check to allow filter coef
adaptation based on external
non zero input value

Check if you want to get the
filter coefficient values out

EC4440.MPF - Simulink Introduction
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[=] sink Block Parameters: Yector Scope x|

—“ector Scope

Display a vector or mafrix of time-domain, frequency-domain, or user-specified
data. Each colurn of a 2-0 input mafrix is plothed as a separate data channel. 1-D
inputs are assumed o be a single data channel.

For frequency-domain operation, input should came from a source such as the

Magnitude FFT block, or a block with equivalent data organization.

Scope Properties Display Properties Axis Properties Line Properties |

—Parameters

Input damain:

Horizontal display span (number of frames): I 1

[evectorscope JR=TEY]
lFiIe Axes Channels  wWindow Help ~
1
08 '
L
o 0B
=
=
E—
= 04
oz
]
0z : '
] 2 4 5] 8 10 12 14 16 18 20
g Frame: 5001 weight coefiicients
09/03/11 EC4440.MPF - S___

12) Plot filter coefficients

using the vector scope
- DSP System Toolbox
-> Signal Processing Sinks

-> Vector Scope

—Wector Scope

Display & vector or matrix of time-domain, frequency-domain, ar user-specified
data. Bach colurmn af a 2-0 input matrix is plotted as a separate data channel,
1-0 inputs are assurmed o be a single data channel,

For frequency-domain operation, input should come from a source such as the
Magnitude FFT block, or a block with equivalent data organization.

Scope Properties | Display Properties  Auxis Properties | Line Properties

—Parameters

¥ Inherit sample increment from input

¥-axis fitle: Iweight coefficients

¥ digplay limits IUser-deﬂned j

Minimum X=limit (samples): ID

Maximum -limit (samples): IED

Minimur Y-limit: I-D.2

Maximurn Y-limit: |1.2

Y-axls label; |ﬁmp|i1ude

L

J ok Cancel | Help | Apply |1




13) Plot multiple data streams on the same figure

File Edit “iew Simulation Format Tools  Help

DEeE& & BBR| &< ¢ <202 » =50 [Noma ~l BB
numiz) Output |:|
_ _|
/’F_n_m 1 Inpuhnrmalized
<| Bemoulli A Y Discrete Filter LS Errar Errar
Binarny
nG-.-:-ulli E:“j”? Biaz Desired ks _EZ-D'- IEI
o LMS Filter User

]
l

actor  desiredfoutpu

10 Weights
Crelay

Generate BPSK signal

Use “vector concatenate”
+ Regular scope

Simulink 2 Commonly used Blocks
- Vector Concatenate
-> Scope

09/03/11 EC4440.MPF - Simulink Introduction 22



14) Generate spectrum and spectrogram plots
- Specta.mdl (provided in course material)

E! alel/Spect-Error ;lglll
File Edit Wiew Simulabion Format  Tools  Help
D|D-“E§|J%E|<==ﬁ>‘[r|i?f:|b llinf INDrmaI j|@lﬂl|ﬁ@ﬁ

dB — =
» U i T
/\f‘(\{\/\(\ﬁ [ e [T ’ Vit
dB Conversion Tranzpose Ml atriz

hl atriz

(1 iyt Wrelch
Select
Buffer Fericdagram Eleter
Freq
Wector
Scope

Ready

Bufferl
Wiewer

100%, [FixedstepDiscrete

09/03/11
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Blocks used in specta.mdl

i E! Function Block Parameters: Periodogram 5' m Function Block Parameters: Seleckor iI

—Periodogram (mask) (link)

—Selector
Power spectral density and mean-square power spectrum estimation via
the periodogram method and VWelch's averaged, modified periodogram Select ar reorder specified elements of & multidirmensional input signal.
rnethiod, The index 1o each element is identified fram an input port or this dialag.

You can choose the indexing method for each dimension by using the

—Parameters "Index Option" parameter.

Measurement: ||EeElga=la =]l =Tr=

—Parameters
=008 |Hamming j Mumber of input dimensions: |1
Window sampling: |Periodic -
i I J Index mode: IZerD—baaed j
I Inherit FFT length from input dimensions
FFT length:
|1|:|24 Index Option |Index |Cutut Size
1 |Index vector (dialog) ~|l0:511 |Inherit from "Index"

Mumber of spectral averages:

|2

Input part size: | 1024
W' Inherit sample time fram input PR

(84 Cancel Help Apply

" oK Carcel Help Baply

09/03/11 EC4440.MPF - Simulink Introduction



Blocks used in specta.mdl, cont’

L>] Function Block Parameters: Bufferi x|

—Buffer -

Convert scalar sarmples to a frame oulput at & lower rate, You can 2
optional overlap, For calculation of sample delay, see the rebuffer_c

—Parameters

Cutput buffer size (per channel):

Buffer overlap:

| 500

Initial conditions :

|-70

Treat Mxl and unoriented sample-based signals as: IM channels {f—

w
4| | 3

‘) K Cancel | Help | Aoaly |

L ™) Sink Block Parameters: Matrix Yiewer

Matrix YWiewer

Display a mafrix as an image, scaling the colormap to the specified input
data range. Colormap must be an Mx3 matrix of RGE values, Type "help
graph3d" at the MATLAR prampt for 3 list of predefined colormaps.

Image Properties | Axig Properties |

—Parameters

Colormap matrix: I jet(2sa)

Minimum input value; I—?EI

Maxirmum input value; |15

¥ Display calorbar

9 OK Cancel Help Aol

09/03/11 EC4440.MPF - Simulink Introduction
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15) Frequency response plot generated from filter

coefficients |
The frequency response for the model |1/ Agejw) |2 can be computed
in dB from the filter coefficients by using the following blocks (this
implementation leads to a frequency response plot identical to that given
by freqz.m).

Note: The spectrum scope uses the periodogram to compute the
spectrum expression which results in a discrepancy between simulink &
freqgz.m results.

Filter

coefficients _ FFT ol o0 l'"“‘”ﬁ - A%
output Uzer

/ (33in
FFT magnitude Vector Scope
Note: FFT must be zero-padded sufficiently

~1024 or above to insure good visual quality of

the frequency response
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16) Listen to audio signals (Batch mode from Simulink)

a) send data to workspace
b) create a subsystem which plays the data

Simulink
- Ports & Subsystems
-> Subsystem

09/03/11

E Simulink Library Browser

1 File Edit Wiew Help

I

O = = JJIEnter search term

=84 (2

5 Libraries

M

| =T simuink

=iZommoanly Used Blocks
- Continuous
- Dizcontinuities
- Dizcrete
-Logic and Bit Cperations
- Lookup Tahles

- Mlath Operations
\---Mndel Yerification
el-vide Liilities
<----P'|:|rts & Subsystems

- Signal Routing

- Sinks

- SOUFCES

- User-Defined Functions

4

Showving: SimulinkPorts & Subsystems

- =| Cnmt ek Visinn Sweatem

[ &dditional Math & Discrete
]E Communications System ...

Library: Simulink/Paorts & Subsystems

W

]
(I

Sibsysem
r Subsyste Examples
Switch Case e 1j-:uuu 3

i Subsystem

FucLai-=dii

Split

1T
If Hin aullf

Int
lMaodel Variants >

Trigger

Wariant

| Seq

rch Resultzs: (none)
FuUncLu-edil

Subsystemn

If Action
Subsystem

hlodel

Cut1

Subsystemn

Examples

Switch Case Act
ion Subsystem

Triggered
Subsystemn

While Iteratar
Subsystem

f

|
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c) Remove subsystem input/output ports

E! dsplpcl /Subsystenn * - IEI Ill

File Edit Wiew Simulation Format Tools

Help

T EIREL IR

In1 Ot

Fl100%: | |

Nl

E! dsplpcl /Subsysten ™ - |EI |i|

File Edit “iew Simulation Format  Tools

Help

aEEIREE

Sl

Fl100%:
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d) Code audio play action by ¢) |n-code audio play commands
accessing system block —
o oC Foperciessubnsysrent —

properties
\ zeneral || Elock Annotstion || Calbacks
Ope"u Block deEiE
| C'II'EI‘ Elock. In Mew Window To create or edit a callback function for this block, select it inthe callback list
; By |'iE (helow left]. Then enter MATLAE code that implements the function in the
R content pane (belove, right). The callback name's suffix indicates itz status:
1 Cuk | *haz saved content).
Cl:up*;.f‘
Deletq Callback functions list: Za callback function: Fon"
ClipboardFon if exist('y 'var"), sound(y S0007, ﬂ
ClozeFcn elze
ContinueFcn errordlg'data needs to be sent to the
CopyFen workspace first',
e s DeletechildFcn (Fnd
Convert bo Model Black. DeleteFon
. Find Referenced Variables. .. DestrayFen \
1 InitFcn
i AY
Fequirements ¥ LoadFcn
MocielCloseFon Play datay generated
Code Generation 3 . F 8000 H &
N = Z
Fixed-Point b using s ) :
Mask Subsystem... Generate error if data is
Look Under Mask PostSaveFcn not available in the
Limk: Dpticns 3 PreCopyFon L| k
DralalataF~m
Signal & Scope Managet. .. WO r S p aC e
T
. . b
Port Signal Properties - | P | Help | Apply |
. Format 3
| Foreground Calar
Background Calar r
J Help
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