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Introduction to Interface

Function List

Visual Signal is split into three versions, Professional, Standard, and DAQ Express.
The functions made available to you depend on which version you have. The function

list is located at

Notational Conventions

This manual uses the following notational conventions:

be customized to the users
specific needs.

Convention Explanation Example
Pargmete}:sﬁT pr‘opert%ra SamplingFreq,
THIS TYPE STYLE | SCtHngs of luncuonsthatcan | v, o p51ingmethod,

StartPosition

THIS TYPE STYLE

Denotes a specific function

Channel Viewer,
Fourier Transform

Used for denoting specific

vatriables.

This type style windows and command NS Wmdow, File,
. . View
actions in toolbars.
Used to represent t;
This type style mathematical functions and Yi= j x;dt
0
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1.1 Application User Interface

This section will get you familiar with the layout of the program and the commands
you will have at your disposal.
111 Graphical User Interface

First off, we need to be familiar with the interface in Visual Signal. The interface is
divided into three major parts that are independent of the Visual Signal desktop. Each
window can be closed and opened again.

Ble Edit View Llayout Tools Help

'Yl 5
Projectl - x | Nebvarie -2 x
® [l x

2. Network Window

1. Visualization Window

Viewer updated. Auto O o

3. Property Window

1. Visualization Window — This window is where the drawing occurs. Whenever a
graph or chart is drawn it will show up in this window.

2. Network Window — This window is where the components ate edited. Choosing
what data to input, how to visualize it and how they connect is all done in this
window.

3. Property Window — This window shows the specific parameters and settings of
the components. Module settings are also looked at in this window.

Note: Double-clicking the title of a window will pop the window out; double-clicking
it again will put it back on the original desktop. Clicking the pin icon T in the
windows will set the window to auto-hide which places the windows in tabs on the

right side of the screen. The figure below shows the Network Window being popped
out and the Property Window being hidden.
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File Edit Miew Layout Tools Help
As8 : Y
" Projectl - X

Apadoly m

Metwork

Y-

Project] * |

X =]

Viewer? updated.

[ Auto OO

112 Introduction To The Toobar
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Layout
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The File menu will give you the option to create a New Project, Open an existing
project or Save your current project. It also gives you the option to Close your current
project orall projects you have opened.

Note: The file extension of Visual Signal projects (vsn) saves all modules in the
network component link, parameter links, graphic settings, and DAQ settings of a
project. When saving a project you can decide whether or not to save its intermediate
data. If you save the intermediate data then all components of calculation results will be
stored and the next time you open the project the calculations and drawings will be
saved. If you select ‘No’, then all components will have to be recalculated when you
open the project.

The Layout menu will allow you to set the viewing options of the Network Window
or Property Window;, or to set the window order of Visual Signal to default.

The Tool menu brings up the Preferences where you can change Visual Signal’s
default settings.
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The Help menu brings up Reference Guides that help you understand component
algorithms applied to the signals and guides to help you utilize the program. The
License Manager is located here and allows you to renew, add, or remove licenses to
Visual Signal. Update... will check the internet for new updates to install. About...
will show you what version your softwate is on and what license you are currently
using;

The Edit and View menus ate used to control the function of the drawing area. For
detail on these menus refer to specific drawing area section.

113 Network Window (Component Editor Window)

The Network Window is the area where you connect various components by linking
them together. Dragging the mouse from one component to the other will link the
components together and dragging an arrow back to its ofiginal component will
remove the connection. This intuitive process allows fast combination of signal
processing required for calculation and analysis.

The picture below breaks down the Netwotk Window into three main parts: the
components modules compiling area, the toolbar, and the operation control area.

Metwork IEI
I-;E L g W I_” Toolbar
Frojectl | o

Components Module Compiling Area

Mone Updated. Louato
Operation Control Area O O

1.1.3.1 Components / Module Compiling Area

The compiling area is the core of Visual Signal. This area is the operating area where
the editing of the signal processes and visualizations takes place an intuitive way. Below
are bref descriptions of signal inputs; how to perform calculations, and output
components.
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ad 1

Network

bemw L]

Project] * l
Compute 3
Conversion 3
Source 3
Wiewer 3
\Writer 3
Cut Ctrl+X
Copy Ctrl+C
Paste Ctrl+V

Viewer3 updated . Delete  Del Luto o O

The picture above shows the symbol-editing menu that comes up after right-clicking
the module compiling area. The menu is divided into five major groups, Compute,
Conversion, Source, Viewer, and Writer. The component of each module
desctibes its method of operation and Chapters 2, 3, and 4 go into each method in
more specific detail. The components editing area works like a flow chart controlling
operations of the signal processes you want analyzed. By connecting the signals and
modules in the way you choose, complex signal analysis is possible in a few simple
steps. With these options, Visual Signal will give you the ability to analyze signal
processes, signal front-end processes, signal analysis algorithms and render them into
visual graphics. Below is an example of what a typical signal analysis project could look

like.

Network

& SN

demn0l - basic ]

ad 1

| Veiwer2 updated.

9] Auto Oo I
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Metwark > 0 x
BRE ) x
Project1® |

Warning: The window overlap setting has resulted in a
remainder of 214 points at the end of the series
not included in the rolling calculation.

Multiplier updated. Auto O O

If there is a problem with the connected components, the Network Window will

!

display a flashing warning sign (i"'n) or an error sign (= ) over the component.
Placing the mouse over the sign will display a tooltip describing the detail of the
problem. Double-clicking the error sign will place the warning inside the project
which is helpful if you have multiple errors to keep track of at once.

Metwork > 0 x
CILL- AR X
Projactl*l

m

Warning: The window overlap setting has resulted in a
remainder of 214 points at the end of the series
not included in the rolling calculation.

Multiplier updated. Auto o O

1.1.3.2 Component Editor Toolbar

The component editor toolbar is responsible for data operation commands such as
inputting and outputting data and are listed below:

Import data from file

Save data to file

CH| |9 (&7

| Open Data Viewer

_ |
—“J Export data to Excel

Descriptions of each command are listed below:
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1. & Import data from file:
This command makes Visual Signal read import data from an external file.
Acceptable file formats are Time Frequency Amnalysis file, plain text (ASCII file),
and a variety of other different formats. If the file is in plain-text format or comma
separated values format, the Text Importer window will appear for you to set up
information for the data.

File Extension File Type
tfa Time Frequency Analysis File
txt Plain text file
uff Universal file format
vsb Binary file for Visual Signal
eeg SleepScan and Ceegraph EEG
data file
csv Comma-separated values
wav , mp3, aac, ac3 , mp4, Audio files
m4a , amr , ape , wma
dat ADLINK DAT file

If you want to impott a data file that is not in a supported format a warning
message will appear asking you if you want to read the file in plain text format.
Selecting yes will bring up the Text Importer to attempt to read the file. You must
use the Text Importer to setup the signal timeline, such as units of time, the
sampling range, and the data range. A more detailed explanation of this feature is in

Section 2.

Unsupported File Extension 3

"-.I File extension ".pdf" is not supported.
¥' Use Text Importer?

2. El Save data to file and e Export data to Excel

These two commands save the data in the file format tfa, txt, and csv etc. Sound
signals can be saved as a wav file or other audio formats. These two features are
mainly used in the Writer function and are explained in more detail in Section

4.5Writer (Signal Output Modules).

A
3, &= Open Data Viewer

This command opens the data viewer window which allows you to select the
components of calculation results. Also allows you to view the data browser which
will detect the output data type, automatically adjust the way the data is presented,

10
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and display graphics with data of the output device. This command is desctibed
furtherin Section 1.3.4.

4. : Force update

Click to execute the project from statt to finish including all module components.

1.1.3.3 Operation Control Area

The Operation Control Area is located below the Components Module Compiling
Area and controls and displays the calculation process. The text on the left side is the
calculation process in real-time, displaying the percentage of progress made in the
implementation of the current program while the text below the progress bar
immediately displays the progtess of the current component being calculated. There are

three controls on the right to provide you with control over the computing process,
and are described below:

MNetwork =]
X

ERE

Project!® '|

(| Noisep—#» I STFT )

Operation
Controls

Calculation Process

||STI-—I': 14%, 00:13/01:34 Auto m

1. Auto function o

This function determines whether or not the program will be updating the calculations
in real time as you modify them. If the Auto box is checked, whenever the user
changes device parameters the program will immediately recalculate the components
and all of the following components in the component output port. You may
encounter a situation where you need to modify multiple components before wanting
the program to update after each change, if that is the case uncheck the Auto box.

2. Perform operation o

If the Auto button is not checked, then pressing the perform operation button will
have the program run the modified components. Compared to the “Auto” option this
can be looked at asa “Manual” option.

11
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3. Abort operation O

If program is in the course of running operations and you want to terminate the
processes you can press the abott operation button. Something to note though is that
this feature only terminates the components of a single process and thus only one
element and its following processes will be terminated, the program will still continue
the implementation of the other components.

1.1.3.4 Data Viewer

There is lots of information that needs to be shown such as component outputs, data
types, quety signals, etc., so we provide a fast tool to view that data with the data viewer.
The intetface of the data viewer window shows the data value, waveform, and signal
information as long as their components are in the component editor. Click a specific
component and press the data viewer button and the browser will accommodate the
different signal types (such as signal spectrum analysis results, numetic data or time-
frequency analysis) and display relevant information. The browser window interface
will correspond to the different signal types being used.

114 \Visualization Window

The Visualization Window is where the diagrams appear after creating a viewer
component in the Network Window. In this window you will have a few options
available to customize your diagrams and we will go through them in this section. More
detailed customization is done through the Property Window and is covered in
Section 1.5.

X B2 [ Groww Windows XP 5 o G (] [11] [m
T T

05| b

0

05F I I I I I I 1 1 I N

0 05 1 15 2 25 3 35 4 4.5
Time [sec]

Note: The group/move options loated in the top left will only show up when your aurser is hovering in
that area.

Above is an example of audio signal displayed by a basic Channel Viewer
diagram. The red outline around the diagram signifies that the diagram is currently
being selected in the Network Window. Because this is an audio file, there are five

options located in the top r that allow you to continuously Loop [T Loop (if box s
b

checked), Mute 1‘3, Play , Pause L
show up if the data is in audio format.

, or Stop Y the audio file and will only

12
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When a diagram is selected (as indicated by the red outline around it) scrolling the
mouse wheel will zoom in and zoom out the x-axis for more specific viewing. To select
a specific diagram, you can either click the diagram directly or click the viewer
component it is associated with in the Network Window. Double-clicking the viewer
component will bring up Plot Element Setting window which allows you to choose
whether or not a certain channel is displayed, the channel name, and what type of color
and line will be associated with the channel. This is vety useful when working with a
diagram that has multiple channels.

-

-

o= Plot Element Setting = [l
i
Display Channel Mame Color Line Width Line Style WMarker Style Draw Style
7 Windows XP:CH1 i - *+  Nome <+~ Lne =
| |
7 Windows XP:CH2 . - - Mone  w Line -
| Dispay A | | HideAn | [ oc || cance |[ appy |

Note: Clicking Display All or Hide All will cither chedk all the boxes under Display or uncheck them all.

Hovering your cursor in the top left of a diagram gives you the options to Delete X,
Move £, or Group! | Group your diagram. Checking the Group box gives you the
option of placing the specific diagram in a group numbered 1-5 and choosing whether
to sync the Xaxis, the Y axis, or both with other diagrams in the same group.

View Home
View Prev

View Mext

Copy to Clipboard (Bitmap)

Copy to Clipboard (Metafile)
Export to file...
Print...

Print Preview...

Right-clicking a diagram will bring up a list of options dealing with going back to
specific views of the diagram and how to export the specific diagram into other areas.
The first three options View Home, View Prev, and View Next deal with viewing
the diagram after making edits such as zooming in and out. View Home brings the
diagram back to its default view, View Prev can be compared to an undo button
while ViewNext is a re-do button.

13



VISUAL SIGNAL EXPRESS GUIDE

The next set of options deal with exporting the specific diagram to other programs or
documents. The first two options, Copy to Clipboard (Bitmap) and Copy to
Clipboard (Metafile) place the diagram on your clipboard to easily paste it into a
program or document. Export to file... allows you to save the diagram as a file in
multiple picture formats. Print... will bring up a print settings window for you to
directly print the diagram.

115 Property Window

The Property Window shows the properties of whichever diagram you are selecting
in the Visualization Window or whichever component in the Network Window.
When you select something the Property Window will display a list of its properties
that can be edited either through manual typing or through a drop down menu. You
can also see what module the program is using for its computations.

Propety  v@&x
4 Channel -

Channel Count 0

Fonts and Colors

Grid

Module

Representation

LegendPosition None

AutolegendMames False El

DataValueType .
Held Plot Range False
XMin S—

NMax auto (19.3095855058129)
YMin auto (0) i

AT T T

AutoLegendiames

Specify "True” to automatically retrieve legend names signals; otherwise they are taken from the
PlotElementEditor,

Note: When the arrow to the left of a section is black the options are being shown, when it is dear the
options are being hidden. Clicking the arrow will either expand the list or contract it. The bottom of the
Property Window gives a detailed explanation of what editing each property will affect and is very helpful
if you don’t know what a certain property does.

1.1.5.1 Properties of a Diagram

Selecting a diagram from the Visualization Window will bring up its propetties in the
Property Window. Details of the diagram can then be altered to suit your needs.
Almost evety aspect of your diagram can be changed from the Property Window. It is
important to note that if you do not know what changing a certain property will do, the
bottom box in the Property Window gives a detailed explanation of what the property
does.

Appearance
4 Appearance
BackColor [] white
Viewer\idth default (750)
ViewerHeight 360
ListOrder 2
RetainPlot False

The first section of properties dealing with your diagram has to do with its appearance.
Here you can specify the background color and the height or width of your diagram.

14
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The ListOrder specifies where the diagram is listed in your Visualization
Window and RetainPlot.

Channel

4 Channel

Channel Count 1

This section allows you to choose how many input channels are in your diagram but
also depends on how many input channels your specific type of diagram can support.

Fonts and Colors

> Channel

4 {Fonts and Colors |

> Title Font Arial, 12pt, style=Bold
Title Color I 000

[» X-Axis Title Font Arial, 11pt, style=Bold
%-Axis Title Color I o.00

[+ Y-Axis Title Font Arial, 11pt, style=Bold
¥-Axis Title Color I o.00

[» X-Axis label Font Arial, 10pt
¥-Axis Label Color I o.00

I» Y-Axis label Font Arial, 10pt
Y-Axis Label Color I o.00

Here you will be able to change the fonts and colors of all the text in your diagram
from the title to the axes.

Grid
4 Grid
Horizontal Grid Type Coarse
Vertical Grid Type Coarse
Major Grid Style Solid
Major Grid Color |:| LightGray
Minor Grid Style Solid
Minor Grid Color |:| LightGray
% Major Grid Spadng Auto
¥ Major Grid Anchor Auto
X Minor Divisions Auto
Y Major Grid Spacing Auto
' Major Grid Anchor Auto

¥ Minor Divisions Auto

This section allows you to make changes to the grid oveday behind the data. Many of
the spacing/anchor is already set to Auto by default which makes the program
calculate the best fit for the diagram. If you change the value and want to restore it to
its default, type Auto again.

Module
55 ChannelViewer
Name Viewer
Input Port Side Left
Execute Time 0.0410023 sec

Acceptable Data Types

Real/Complex Single/Multiple-Channel Signal |

This propetty menu shows the details of the module being used. You will be able to
see what class of viewer is being used, the time it took to execute, and the acceptable
data types it can use. You can also change the name of the module to make organizing
your Network Window easier.

15
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Representation

a
Timelint Sec
LegendPosition Hone
AutoLegendMames True
XAxisType LinearAxis

[> Plot Elem Editor PlotEditor
DataValueType Magnitude
Hold Plot Range False
AMin auto (0)
XMax auto (19.318821)
Min auto (-0.953729)
‘YMax auto (0.975787)
DateTime Format Auto

This section allows you to edit how your data is represented in the diagram. You will
have options such as adding a legend, specifying what type of axes to use and what
maximum and minimum values to use for your axes.

Title
{default}
XTitle {default}
Title {default}

Here is where you will be able to change the labels on your title, x-axis, and y-axis.
Typing in {default} wil revert back to the orginal label and typing {all} wil
show the whole title. Y ou may also use the index to show which component name you
want to see.

1.1.5.2 Properties of a Component

Selecting a component from the Network Window will bring up its propetties in the
Property Window. Evety component in the Network Window has options that can
be modified from the properties. The Property Window also displays detailed
information about the component. For example if you select a data component, the
Property Window will list where the file location is, how many channels are in the
data, the sampling frequency, etc. Depending on which component you have selected,
different options will be available to modify. There is never one set way to analyze data
and is why these options are made available to you. In this section we will use examples
from a compute component and a convert component.

4 Convert To Regular

ConvertMethod Fillcap
FillMethod LinearInterpolation
Sampling Period 8.99999999965928E-05
Unit sec
AutoDetect True

& Module

The first example shows the properties of a Conversion— Convert to
Regular component. Here you will have options relating to how you want to
convett your indexed into regular data. For example, convert method allow you to

16
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choose whether you want the sampled data to be filled in by missing points or for the
gaps to be removed. If you don’t know what a certain property does remember that
when it is selected a brief description will appear in the bottom box of the Property

Window.

Property

> Module

a STFT
Freq b
Freqhdin
Freqhdax
FreqReslution
FreqCount
TimeCount
RemoveDiC
Window

LinearA xis

0

aunto (11025)
200

256

2048

True

Gauss

The second example shows the properties of

selecting a Compute— TFA—

ShortTerm Fourier Transform component. You will see a different set of
propetties than the Convert to Regular component as different components

have different sets of modifiable properties. In this set of propetties you can customize
how you want the specific ShortTerm Fourier Transform component to
operate. Maybe for your first transformation you want a linear axis as the frequency
type and a log axis for your next transformation, all these details are modified from the

Property Window

Property

2

a Module
Claz
Hame
Input Port Side
Output Port Side
Execute Time

STFT

Ctput Data Tupe

ShortTermFonriex
STFT

Left

Right

12.0400169 sec

Acceptable Data. Type: Real Single-Channel Signa
Complex Single-Channel §

The Module section of these components is similar to the diagram module section.
Specific information will be shown about the module being used for the component
such as the class module, the execution time, the acceptable data types, and its output

17
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data types. You will also have the option to change the name of the module and its
input and output pott side.

18
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1.2 Importing Your Data

1. Importing data is done by going to the Network Window and clicking"E
Import data from file.

2. Locate your data file and see if it is a supported format, if it is not the program
will ask you if you want to use Text Importer to format the data.

3. Once the Text Importer window is opened, a preview of how your data will be
formatted will be under File Contents near the bottom of the window. This
preview will adjust in real-time as you make changes to the options.

F ™

Data Range

Rows: 1 = To |end = Columns: 1 = To |end

¥ £ -

Data Direction: | Column-based [] Concatenate to one channel

7] Specify Time Axis 1

£

Field Format
@ Any Whitespace () Delimiter |, [7] Complex
() Fixed Field [ [=] [e==———= ]

Handle Nul-values
Handle Hul-Values | Linear Interp -

Time Coordinate
Time Unit: z8C - Time Shift: 0 [zec]

Sample Freq: 1000 [cyclesizec] Down-zample by: | 1 5

Handle Repeat Time Coordinates

Date Axis

Auto Start Date/Time: [2001/01/01 0k 0fs ol
[ Enable

File Contents

0 10 20 30 40 S04
0o0l: 1274 (i
002: 1335
003: 1294
004: 1265
005: 1318
006: 1359
007: 1340
002: 1378
009: 1410
010: 1401

4 | m r

[ Import ][ Cancel ]

4. Start by specifying the data range of your data. Here is where you specify which
rows and columns you want your data to start and end at and whether you want
the direction of the data to be column-based or row-based. By default the data will
be separated into multiple channels depending on how your data is formatted, but
by clicking the Concatenate to one channel checkbox your data will be
set as a single channel regardless of how many columns or rows you have. You can
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also specify which axis is your time axis by checking the Specify Time Axis
box and choosing the cortesponding axis.

5. Next area is the Field Format which will determine how the data will be
separated. The default option is Any whi tespace which will separate the data
each time there is white space between them. The De 1imi ter option allows you
to choose specific symbols that separate the data. If you want to specifically format
the data yourself, you can use the Fixed Field option and see how it will be

formatted in the file contents section. The import data can be merged to complex
by checking Complex check box.

6. In the event that there are null-values in your data set, there is a Handle Null-
Values option that is checked by default. Here you can choose how Visual
Signal will handle your null-values when it imports your data set as there are a
variety of options such as having fixed values or having Visual Signal calculate a
linear intetpolation.

7. 'The next set of options has to deal with the Time Coordinate. Specify the
unit of time your data set uses by selecting the options under Time Unit. If you
need to shift will also be able to choose the Sampling Frequency and
whether or not you need to down sample your data set in the case your amount of
data is too large and you want to reduce the number of sampling points to make
computation easier.

8. The final sets of options ate related to adding dates to your data set. The default
option checked is Auto which will check if you have dates associated with your
data and will set up accordingly. If you want to add dates manually check the
Enable box and specify the starting date and time options to its right. After you
are finished adjusting all the settings press impott and your data should show up as
a component in the network window.
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Example Projects

2.1 Your First Project

This section will go through an example of how you would statt a project, use the
modules, and export your new diagrams. In this example we will take raw frequency
data from the audio file “WindowsXP.wav”, which is located in C\Program
Files\AnCAD\Visual  Signal\demo\Basic, compute a ShortTerm Foutier
Transformations and display two separate time-frequency spectrograms usable in a
document or presentation.

1. Select File—=New Project from the toolbar.

2. Go to the Network Window and dlick #=| Import data from file

Metwork \E\

el :

Pectl ]

Wone Updated. Lutg O O

3. Navigate to C:\Program Files\AnCAD\Visual Signal\demo\basic and open the
file “WindowsXP.wav”’.
Note: File locations will be different depending on platform (x86 or x64) or the
installation path you selected.
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4. Check the Specify Time Axis box and click Import, the settings should

like the picture below.

ot Text Importer

Data Range

Rows: 1 2 To |end =

Data Direction: Column-based
| Specify Time Axis | 1 |= |

Field Format
) Delimiter

@ Any Whitespace
© FixedField [ [][-] [—————— ]

Handle Nul-values

Time Coordinate

Time Unit: | sec o

Columns:

Handle Nul-Values | Linear interp -

ne Shift: |0 [sec]

Sample Freq 1000 CYClesisec

Handle Repeat Time Coordinates

[ complex

Down-zample by: 1 =

Drate Axis
Auto Start Date/Time: [2001/01/01 ok ok ok tl
File Contents

0 10 20 a0 40 5[]
001: 0.000000(0.00232210.001161] o
002: 0.0000910.008127]0.005805]
003: 0.000181(0.008127]0.005805]
004: 0.000272(0.008127]0.005805]
005: 0.000363|0.010449)0.006966]
006: 0.000454(0.008127]0.005805]
007: 0.0005440.008127]0.005805]
008: 0.0006350.008127|0.005805]
009: 0.000726(0.002322]0.001161 ] 18
c-1rT: -’J.000816I|0.008127I0.00SBOSI K
4 L 3

5. A warning will pop up saying the data is
“Regular”. Click Okay.

“Indexed” and should be converted to

6. A green component named Windows XP will now be in the Network Window,
right-click the box and select Viewer—Channel Viewer.

li
X

Network
G- L
EBmy)
Pmiecﬂ‘l
Compute 3
Conversion 3
Source >
Viewer 4 | ™ Data Viewer..
LIS ' | Channel Viewer |
Cut  Ctrl+X Time-Frequency Viewer
Copy Ctr+C XY P| Create a basic channel viewer.
Paste  Ctrl+V
Data updated.
*  Delete Del

Note: Hovering your curser over an option or component will show details on what the option does.
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7. A Channel Viewer component will now be linked to the Windows XP
component by an arrow and a graph will be displayed in the Visualization
Window. The graph shows that the data set has two separate channels and is
shown by the two different coloss.

Windows XP = 3 Iy

=

| | 1 | | | 1
0 0.5 1 15 2 2.5 3 35 4 45
Time [sec]

&
o
<]
=
ad | 1

Viewer updated. Austo o O

Note: Clicking on the squate inside a component disables/enables the component, while dicking the
component directly as shown in the picture above outlines in red the spedfic graph the component is
assodated to.

8. Right-click the Windows XP component and select Compute—Channel—
Channel Switch. Repeat this step so you have two switch components linked

to the Windows XP component.

Metwark -~ 0 x
e Rma «
Projectl® ]

Hj“ﬁndows %Pl »i2l Viewer [1]

H
i
i

2

m

Switch2 updated. Auto O O
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9.

Click on the Switch2 component. Locate the Active Channel section

under the Property Window. Click the arrow on the right of 1:CHI and click
2 :CHZ from the drop down menu.

4 Channel Switch
Channel Count 2
Active Channel 1:CH1 [+]

Select Last Channel 1:CH1
> Module

Active Channel
Select an active channel

10. Right-click the newly made Switch component and select Viewer —

11.

12.

13.

05 F

Channel Viewer. A new diagram will appear in the Visualization Window
with the option to listen to the audio. Do the same thing to the Switch2
component.

Windows XP - Switch o e LI
T

05 F T T T T T T T T

=

0 0.5 1 15 2 2.5 3 3.5 4 4.5
Time [sec]

Right-click the Switch component and select Compute — TFA —
ShortTerm Fourier Transform.

Right-click the STFT component and select Viewer— Time-Frequency
Viewer. A time-frequency spectrogram will now show up under the
Visualization Window.

Repeat steps 11 and 12 for the Switch2 component. You will now have two

time-frequency spectrograms in your Visualization Window. Following these
steps should yielda Network Window similar to the figure below.
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e I —
FICEDE

Project!® ]

ad| -]

m

=i

| TF Viewer2 updated. V| Auto o O

14. Select the TF Viewer [4] component. The Visualization Window should now

bring up the first time-frequency spectrogram. Right-click the diagram and select
Copy to Clipboard (Bitmap). The diagtam will now be copied onto your
clipboard and can be pasted in documents or presentations.

Frequency [AZ]

Windows XP - Switch - STFT

10000

View Home

8000 : 0.2
View Prev

£000 View Next
Copy to Clipboard (Bitmap)

4000 Copy to Clipboard (Metafile) &
Export to file... I
Print...

2000 - Print Preview...

pe - .-
0 o SRR o
0 0.5 1 15 2 25 3 35 4 45
Time [sec]
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2.2 Spectrum Analysis

221 Setting Up and Analyzing a Fourier Transformation

In this section we will go through an example of how to set up a Foutier analysis of a
sine function.

1. Right-click the component editor window inside the Network Window and select
Source—Sine Wave.

Network @
B I x
Project!" |

Compute »
Conversion »
Source » | g OpenData.
iewer g CustomWave
Writer » DAQ »
Cut Ctrl+X MNoise
Copy Ctrl+C | Sine Wave
Paste Ctrl+V Square Wave
Tyi Create a sine waveform source. L
Delete Del i T
Sine updated. Auto o O

2. Right-click the new component labeled Sine inside the Network Window and
select Viewer—>Channel Viewer. This will display a graph of a sine wave
that you can analyze and modify in the Property Window. In this example we will
keep the sine wave as default.

3. Rightclick the component labeled Sine again and select Compute —
Transform—Fourier Transform

Network =]
FLY-LTI x

Project1” |

Compute

\ Channel

Conversion Filter

Viewer
Writer

TFA

3 3
3 3
Source 4 Mathematics  »
3 3
3 3

Transform | Fourier Transform

Cut Ctrl+ X Inverse Fourier Transferm

Copy Ctrl+C [ Perform Fourier Transformation.
Paste  Ctrl+V

X Delete Del

Sine updated At o O

26



VISUAL SIGNAL EXPRESS GUIDE

4. Right-click the new FFT component and select Viewer—Channel Viewer.

A gnaph of the Fourer transformed sine wave will now be displayed in the
Visualization Window.

5. On the graph that you just created labeled Sine-FFT click inside the graph and drag
your mouse cursor from the second notch in the x-axis and to zero as if you were
highlighting the triangle in the graph. This will zoom in the graph to the section
you highlighted.

Sine-FFT

1T T T T T T T T ]

05 —

0 | | | |

|
2 4 6 8 10 12 14 16
Frequency [Hz]

6. Double-lick the Viewer [1] component and select the circle from the Marker
Style drop down menu in the PIot Element Setting window, then hit
Ok.

-
a5l Plot Element Setting l<’:> J l = | B ||
Dizplay Channel Name Color Line Width Line Style Marker Style Draw Style ‘

i FFT.CH1 |i| - - Mone : Line -

MNaong ‘

*

7. The graph will now be marked with circles at every frequency point. You should
notice that the main cutve is only made up of three points, creating a jagged cutve.
To achieve a mote accurate cutve we need to add morte frequency points that make
up the cutve.

8. Select the FFT component and locate the Resolution setting in the Property
Window. This is the multiplication factor of frequency resolution of the Fourier
transform. Increasing the number will increase the number of frequency points
resulting in a smoother cutve. Replace 1 with 35 and highlight the cutve on the
graph like you did in step 5.

Before After
Sine-FFT Sine-FFT

| | ol i N -
6 B 10 12 14 6 8 10 12 14
Frequency [Hz] Frequency [Hz]
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9. The curve now has side lobes as a tesult of the multiplication factor but we can fix

this by selecting a window function to apply before the Foutier transformation.
Select the FFT component and locate the Window setting in the Property
Window. Then select the Hanning option from the drop down menu.

lPepey X
a FFT

RemoveDC True

Min o

Max auto (500)

Resolution

Window
= Module

10. Double-click the ‘Viewer [I] component and select None under the Marker
Style to remove the circle indicators.

Sine-FFT

1FE T T T T T T T T T

0.5

1 1 1 1 1 1
2 4 G 8 10 12 14 16 18
Frequency [Hz]

11. Click the ff Show Value button in the toolbar then place your mouse cursor
over any section of the cutve. This will allow you to analyze the values of the curve
with your mouse cursor. The values ate displayed on the bottom-left corner of the

Visualization Window.
" Projectl - X
Sine-FFT
T T T T T T
1 1 1 1 1 1
4 6 8 10 12 14 16 1
Frequency [Hz]
4 [ [l | b
index = 351, x = 10.009, y = 0.99895|

12. Click the button to the right of the Show Value button with the drop down
menu to select Pick Maxima. The value cursor will now lock to the nearest
maxima on the curve making it easier to find specific values.

28



VISUAL SIGNAL EXPRESS GUIDE

&%
= 1_1. -
23 .23

Pick Any

: Pick Maxima

Pick Minima

— Pick Extrema T

H

13. To leave the Show Value mode, select the Rect Zoom buttons in the toolbat.

< .I_
] P 4 e

14. Click and draga rectangle over the curve, the graph will then zoom in to the area
inside the rectangle.

Before After
Sine-FFT Sine-FFT
I / | N
L - I r L L 1 1 1 | |
) B8 10 12 14 9 9.5 10 10.5 1
Frequency [Hz] Frequency [Hz]

15. Using the other zoom functions in the toolbar will make it easier for you to display
specific areas of the cutve.
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Data Acquisition Quick Start

Data acquisition is the process of sampling signals that measure real world physical
conditions and converting the resulting samples into digital numeric values that
can be analyzed on the computer with programs such as Visual Signal. Visual
Signal works in conjunction with a variety of data acquisition systems (DAQ) such
as ADLINK that allows real-time data acquisition and the ability to convert the
recorded analog waveforms into digital values for processing. The data can be
directly sampled from within Visual Signal for simple accessibility and
manipulation. This user guide will go through examples of how to integrate the
ADLINK data acquisition system with Visual Signal and how to record audio with
your computer.

3.1 Recording Audio with Computer

This section will go through an example of how to record and analyze an audio
signal recorded from your computer microphone. If your computer has a
microphone, you can directly record an audio signal into Visual Signal to analyze.

1. Right-click the Network Window and select Source—~DAQ--Audio-DAQ.

e A 5
RREW ! ] x
Froject] I
Compute »
Conversion 3
Source * | g OpenData..
ey Y CustomWave
Writ
e ' DAQ v Adlink-DAQ
Cut  Crl+X Noise Audio-DAQ |
Copy Ctrl+C Sine Wave
Paste  Ctrl+V Square Wave [Audio Card Data Acquisition Module |
Delete  Del Triangle Wave

@ Ao ool
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2. Double-click the ‘Audio-DAQ’ module to open the Audio Card DAQ
window. Under the Audio Card tab select the input device for your
microphone from the drop down menu under the Input Device option. You
can adjust the volume of your microphone by clicking on the System Dialog
button next to Mic Volume. This will open up your microphone propetties
and allow you to make proper adjustments. Next select the bit rate of your
recording under Bits Per Sample and then choose whether you want a
Stereo or Mono channel You can then test your microphone by looking at
the microphone level bars for the left channel (capital letter “L”) and right
channel (capital letter “R”).

| & audio card DaQ |

Audio Card | Data Acquisition

Input Device  Microphone (Realtek High Defi -

Mic Volume System Dialog

Bits Per Sample [ -

Channels ) Mono @ Stereo
L[ |
R [ N |

Microphone (Realtek High Defini selected -

Cancel

3. Once your microphone is set up and the settings of your recording are correct
click the Data Acquisition tab. Here you will have two options for recording
your audio. The first option is recording for a set amount of time that you set
under the Sample Time (s) inseconds. The second option is checking the
Continuous Mode option, this option constantly records audio and
displays the data in real-time until stopped by clicking the square button (Stop
button) in the network window. The Sample Rate (Hz) appliesto both
options of recording.

-

adl Audio Card DAQ = | ] b

dig Card | | Data Acquisition’
?.U)p‘tlon 1E 2 d
Sample Tme (3) ] DAQMode ORtion 2
5 ["] Continuous Mode

Sample Rate (Hz) Scrolling |Extrama
44100 ~| | E Logging

Data Length
220500

CUsers\AnCAD-009\Des

®O0

Microphone (Realtek High Defini selected. -

Cancel
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311 Recording audio data in a setamount of time (Option1)

1. Set the amount of time you wish to record for in the Sample Time (s)
section in seconds.

2. Select the sound quality of your recording by adjusting the Sample Rate
(Hz) . The higher the sampling rate, the higher the sound quality. The
standard sampling rate of most recordings is 44100 Hz.

3. The Data Length is the number of points recorded during the recording.
Typically, this does not need to be changed as it will automatically update on
its own based on your sample time and sample rate.

4. Click the red circle (Record button) when you are ready to begin your
recording.

[ &2 Audio Card DAQ [E=SREER
Audio Card I Data Acquisition’
Sample Time (s) DAQ Mode
5 [] Continuous Mode
Sample Rate (Hz) Scrolling |Of
44100 * [ Logging |
Data Lengtn Ci\Users\AnCAD-009\Des
220500
M
[@lO |
Microphone (Realtek High Defini selected. -
U -

5. After the recording is finished, the data will be stored inside the Audio-DAQ
component. From here you can attach a Channel Viewer by right-
clicking the component and selecting Viewer—Channel Viewer to view
the recording and play the recording back.

Audio Controls
Audio-DAQ_Microphone (Realtek High Defini | &5 (> 1] (=

1F T T T T T T T I T

0 1

e I 1 I I I I 1 | 1 ]

0 0.5 1 15 2 25 3 35 4 45
Time [sec]

6. Right-click the Audio-DAQ component and select Compute—
Transform-Fourier Transform. This will convert the audio
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recording into the frequency domain. Right-click the FFT component and
select Viewer—-Channel Viewer toview the resulting graph.

Audio-DAQ_Microphone (Realtek High Defini-FFT
015 F T T T T T T T T T T T

0 1 | J““-‘I J-I | | | : | 1 | |
0 100 200 300 400 500 600 700 800 900 1000 1100
Frequency [Hz]

312 Recording audio data in realtime (Option 2)

1.

Right-click the Network Window and select Source—~DAQ--Audio-DAQ.
Attach a Channel Viewer to the Audio-DAQ component if you want to
view the recording in a time vs. amplitude graph or attach a time-frequency
viewer if you want to view the recording ina time vs. frequency graph.

Double-click the Audio-DAQ component and select the Data Acquisition
tab.

Check the Continuous Mode box under DAQ.

o Audio Card DAQ = X

Audio Card | Data Acquisition

Sample Time (s) DAQ Mode

0.05 Continuous Mode

Sample Rate (Hz) Scrolling OF -
44100 ~|| E Logging

Data Length

2205

Cont. Update Rate (Hz)

© @O0

PIEIETE (2- High Definition Audio selected -

E=n]

Select the sound quality of your recording by adjusting the Sample Rate

(Hz) . The higher the sampling rate, the higher the sound quality. The
standard sampling rate of most recordings is 44100 Hz. When DAQ mode is
checked the sample time and data length option will be disabled and grayed
out since it will automatically be calculated for you.

Change the refresh rate of the graph and the data length by adjusting the
Cont. Update Rate (Hz).The higher the update rate, the lower the
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data length. If you want to get a finer resolution in the spectrum or spectra,
the data length should be longer. So setting a higher update rate will result ina
higher refresh rate in the graph. Set a lower update rate to get a finer
resolution.

6. Select the type of scrolling mode you want when the data is represented on
your attached viewer. The way scrolling works is that for every # data points
sampled, which is decided by setting Cont. Update Rate (Hz), only
one data point is used for plotting, and the scrolling mode allows you to
choose how you pick that one data point. The different modes include Off,
Sample, Average, Extrema, and STFT.

Off : This mode will have no scrolling and will represent whatever audio signal
is currently being recorded on the viewer.

Sample : This mode picks the first point of the data sampled and plots the
point.

Average : This mode takes the average of the # points and plots the point.
Extrema : This mode picks the point with the largest absolute magnitude of
the 7 points and plots the point.

STFT : This mode will output time-frequency data in real time and requires
you to attach a time-frequency viewer instead of the standard channel viewer.

7. Once your settings are set, you can decide whether or not you want to have
the recording saved to a specific file by checking the Logging box and
specify the name and location. If the specified file already exists, the old
content will be replaced by the new file.

8. Click the red circle (Record button) when you are ready to begin your
recording.

o) Audic Card DAQ =)=

Audio Card || Data Acquisition

Sample Time (s) DAQ Mode

5 Continuous Mode

Sample Rate (Hz) Serolling | Off

44100 ~ @ Logging

Doy CWsers\slipa\Document [_]

220500

@O

PIERER A (2- High Definition Audio selected -

[ Cancel ]

9. Visual Signal will now go into Real-Time Mode Updating which means data is
constantly being recorded into your Audio-DAQ component. The viewer
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you attached to the module will constantly be updated to show you the
recorded data in real-time. To finish recording, press the stop button in the
network window.

Real-Time Mode Updating. .. Auto o :.J

10. After the recording is finished, the data will be stored inside the Audio-DAQ
component. Right-click the Audio-DAQ component and select Compute—
Transform-Fourier Transform. This will perform a Fourier
transform and convert the audio recording into the frequency domain. Right-
click the ‘FFT” module and select Viewer—-Channel Viewer toview the
resulting graph

Audio-DAQ_Microphone (Realtek High Defini-FFT

1 |
0 1 2 3 4 5 i 7 8 9 10
Frequency [Hz]
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3.2 Using ADLINK

In order to use the ADLINK hardware with Visual Signal, the latest driver for the
device must first be installed. UD-DASK is the kernel driver for the ADLINK
hardware and has support for 32-bit/64-bit Windows 7/Vista/XP OS. Please note
that only UD-DASK versions 1.3.2.0730 and later can support the USB-2405
module.

321 Instaliing the UD-DASK Driver

1. Locate the file named UD-DASK. This will be in the driver installation CD
provided with the device or you can download the latest driver from
http://www.adlinktech.com/PD/Download/. The latest version at the time
this guide was created is v1.3.2.0730.

Note:

a. Make sure you are the Administrator of the computer or have
administrative privileges.

b. Confirm you have the latest driver installed to ensure your device works
propetly.

Mame

| R UD-DASK_+1.3.2.0730.exe

2. Once the installation wizard is opened, click Next.

) ADLINK UD-DASK v1.3.2.0730 - InstallShield vrmrd- o)

Welcome to the InstallShield Wizard for
ADLINK UD-DASK v1.3.2.0730

The InstallShield{R) Wizard will install ADLIME UD-DASK
v1,3.2.0730 on your computer. Tao continue, dick Next.

WARMIMNG: This program is protected by copyright law and
international treaties,

< Back [ Next > ] [ Cancel
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3. Click Next to install to the default folder, or click Change... to install to a
different location.

& ADLINK UD-DASK v1.3.2.0730 - InstaliShield Wizard

|| Destination Folder
Click Mext to install to this folder, or dick Change to install to a different folder.

Install ADLINK UD-DASK v1.3.2.0730 to:
C:VADLINKVJDASKN,

Installshield

Ready to Install the Program
The wizard is ready to begin installation.

If you want to review or change any of your installation settings, dick Back. Click Cancel to
exit the wizard,

Current Settings:

Setup Type:
Typical

Destination Folder:
C:\ADLINK\UDASKY

User Information:
MName: slipa
Company:

InstallShield

5. During the installation process, Windows will verify the installation the driver.
Check the Always trust software from “ADLINK TECHNLOGY INC.”
and click Install.
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i e o e
Windows Security

Would you like to install this device software?

Mame: ADLINK Universal Serial Bus controllers
‘:’- Publisher: ADLINK TECHMOLOGY INC.

Install ||| Dop'tlnstall |

iAlways trust software from "ADLINK TECHMOLOGY:
IMC.",

@ You should only install driver software from publishers you trust, How can [ decide which
device software is safe to install?

L=

6. Once the installation process is done, click Finish to close the wizard.

7. A prompt will ask to restart your computer to finalize the installation, click
Yes.

.
42 ADLINK UD-DASK v1.3.2.0730 Installer Information (St

@ 'You must restart your system for the configuration
changes made to ADLINK UD-DASK v1.3.2.0730 to
take effect. Click Yes to restart now or Mo if you plan
H to restart later.

322 Connecting the device

1. Connect the ADLINK USB DAQ module to a USB port on the computer
using the included USB cable.

2. The first time the device is connected, a New Hardware message will appear.
It will take around one minute to load the firmware. When loading is complete,
the LED indicator on the rear of the USB DAQ module changes from amber
to green and the New Hardware message will close.
Note: There are two requirements to starting Visual Signal DAQ Express.
a. The driver must be installed propetly.
b. The hardware (ADLINK USB-DAQ 2405) is connected.

Adlink DAQ driver not installed ar supported USB DAQ device not

$ found!

Note: If any of the following requirements are not met, the following error message will appear.
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3. The USB DAQ module can now be located in the hardware Device Manager.

File Action ‘View Help

- 8 RE A

= i ADLINK-78A12BC1
+ § Computer
+ ‘e Disk drives
+ @ Display adapters
+ (g Human Interface Devices
+ ) IDE ATAJATAPI controllers
+ > Keyboards
# 7"} Mice and other pointing devices
+ Monitors
+ B Network adapters
# o Ports (COM&LPT)
+ 9 Processors
+ @ Sound, video and game controllers
4| ‘e Storage volumes
+ % System devices

-.
elR)N H7 Famiy US5 Universal Host Controller - 27C8

Intel(R) N10fICH7 Famiy USB Universal Host Controller - 27C9

Intel(R) N10/ICH7 Famiy USB Universal Host Controller - 27CA

Intel(R) N10/ICH7 Famiy USB Universal Host Controller - 27CB

Intel(R) N10/ICH7 Famiy USB2 Enhanced Host Controller - 27CC

USB Composite Device

USB Mass Storage Device

USB Root Hub

USB Root Hub

UISB Root Hub

UISB Root Hub

UISB Root Hub

Note: If the device cannot be detected, the power provided by the USB port may be insuffident.
The device is exdusively powered by the USB pott and requires 400 mA @ 5 V.

1. Open Visual Signal DAQ Express.

2. Right-click the Network Window and select Source—~DAQ->Adlink-DAQ.
Attach a Channel Viewer to the Adlink-DAQ component if you want
to view the recording ina time vs. amplitude graph or attach a TF Viewer if
you want to view the recording in a time vs. frequency graph.

Compute 3

Conversion »

Source » | 4= OpenData..

Vie.wer ' Custom\Wave

Viriter * [ oaQ v [ Adink-DAQ

Cut Ctrl+X Moise Audio-DAQ

Copy Ctrl+C Sine Wave [Adlink USE Data Acquisition Module
Paste  Ctrl+V Square Wave

Delete  Del Triangle Wave

3. Double-click the Adlink-DAQ component to open the Adlink DAQ
Window.

4. In the Adlink DAQ Window, select which channels to record from.
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il dlink DAO A e

Adlink | Data Acquisition

Discovered Adlink USB DAQ Devices
=[] Type: USB_2405, ID: 0, SN: D5E1EA1001

=¥ ADD
@ Coupling

- Input Type

| »

- IEPE
- Scale
H-[C]AD1

E
@[C]AD2
i
|F:

m

i [C]AD3
b Trigaer i

Type: USB_2405, I0x: 0, SN: D561EA1001 selected. .

1B

Cancel

Note: If you have your sensor connected to channel 0 on the device, it will be channel 1 in Visual
Signal. ADLINK devices start at channel 0, while Visual Signal starts at channel 1.

5. Adjustany settings such as the Coupling, Input Type, IEPE, and
Scale to work with the signal you are analyzing.
Note: Refer to the ADLINK User Guide for detailed explanations of these
functions.

4. Once you are finished with selecting the channels to use and the settings click
the Data Acquisition tab. Here you will have two options for recording your
signal. The first option is recording for a set amount of time that you set under
the Sample Time (s) inseconds. The second option is checking the

Continuous Mode option, this option constantly records signals and

displays the data in real-time until stopped by clicking the square button (Stop
button) in the Networtk Window. The Sample Rate (Hz) applies to

both options of recording.

o adinkorg N leconi o= e

Option 2
Sample Time (s) IDN) lMode

0.05 [] Continuous Mode

Sample Rate (Hz) Scrolling |Off
128000 * [ Logging
Data Length

6400

® O

Type: USB_2405, ID: 0, SM: D561EA1001 selected. -

Cancel
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3.2.3.1 Recording signal data in a set amount of time (Option 1)

1.

Set the amount of time you wish to record for in the Sample Time (s)
section in seconds.

Select the sample rate of your recording by adjusting the Sample Rate
(Hz) . The higher the sampling rate, the more sample points a second

resulting in more accurate signals. The highest sampling rate of the ADLINK
device is 128000 Hz.

The Data Length is the number of points recorded during the recording.

Typically, this does not need to be changed as it will automatically update on
its own based on your sample time and sample rate.

Click the red circle (Record button) when you are ready to begin your
recording.

o Adlink DAQ ="aan X

Adlink Diata Acquisition

Sample Time (s) DAQ Mode
0.05 Continuous Mode

Sample Rate (Hz) Scrolling  Off -

128000 ~ [ Logging
Data Length

6400

Cont. Update Rate (Hz)

o @0

Type: USB_2405, ID: D,SN:DSE1EMUD1 selected. -

Cancel

After the recording is finished, the data will be stored inside the Adlink-
DAQ component. From here you can attach a Channel Viewer by right-
clicking the component and selecting Viewer—-Channel Viewer to view
the signal.

Adlink-DAQ

0.0006

0.0004

0.0002

| | | | | | |
1] 0.001 0.002 0.003 0.004 0.005 0.006 0.007
Time [sec]
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6. Right-click the Adlink-DAQ component and select Compute—
Transform-Fourier Transform. This will convert the signal into the
frequency domain. Right-click the ‘FFT” module and select Viewer—
Channel Viewer to view the resulting graph.

Metwork \E‘
X

e !

Projectl * l

b/ L FFT ;.|_.>§ I Viewer2 [2] |

Viewer2 updated. Autn O O

Adlink-DAQ -FFT

2e05

1e-05

1 | | 1 | | 1 | | | | |
1} 5000 10000 15000 20000 25000 30000 35000 40000 45000 S0000 55000 60000
Frequency [Hz]

3.2.3.2 Recording signal data in realtime (Option 2)

1. Right-click the Network Window and select Source—~DAQ-Adlink-DAQ.
Attach a Channel Viewer to the Adlink-DAQ module if you want to
view the signal in a time vs. amplitude graph or attach a TF Viewer if you
want to view the recording in a time vs. frequency graph.

2. Double-click the Ad1ink-DAQ component and select the Data Acquisition
tab.

3. Check the Continuous Mode box under DAQ.
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ot Adlink DAQ =HECE X

Adlink |Data.ﬂ\cqui5i1ion

Sample Time (s) DAQ Mode

0.05 Continuous Mode

Sample Rate (Hz) Scrolling Off -
128000 - [7] Logging

Data Length

6400
Cont. Update Rate (Hz)

S @O

Type: USB_2405,1D: 0, 3N: DEE1EMDD1 selected. -

Cancel

4. Select the recording quality by adjusting the Sample Rate (Hz).The
higher the sampling rate, the more accurate the resulting signal will be. The
highest sampling rate of the device is 128000 Hz. When DAQ mode is
checked the sample time and data length option will be disabled since it will
automatically be calculated for you.

5. Select the desited Cont. Update Rate (Hz)

6. Select the type of scrolling mode you want when the data is represented on
your attached viewer. The way scrolling works is that for every n data points
sampled, only 1 data point is used for plotting, and the scrolling mode allows
you to choose how you pick that one data point. The different modes include
Off, Sample, Average, Extrema, and STFT.

Off: This mode will have no scrolling and will represent whatever audio signal
is currently being recorded on the viewer.

Sample : This mode picks the first point of the data sampled and plots the
point.

Average : This mode takes the average of the 1024 points and plots the point.
Extrema : This mode picks the point with the largest absolute magnitude of
the 1024 points and plots the point.

STFT: This mode will output time-frequency data in real time and requires
you to attach a time-frequency viewer instead of the standard channel viewer.

7. Once your settings are set, you can decide whether or not you want to have
the recording saved to a specific file by checking the Logging box and specify
the name and location. If the specified file already exists, the old content will
be replaced with the new file.
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8.

Click the red circle (Record button) when you are ready to begin your

recording.

ot Adlink DAQ

o) - e |

Sample Time (s)
0.05

Sample Rate (Hz)
128000

Data Length
6400

20

Adiink | | Data Acquisition

-

Cont. Update Rate (Hz)

-

DAQ Mode
Continuous Mode

Scrolling Off

[T Logaing

®

o

Type: USB_2405, 1D: 0, 3M: DEE1EMDU1 selected. e

Cancel

9. Visual Signal will now go into Real-Time Mode Updating which means data is
constantly being recorded into your Adlink-DAQ component. The viewer
you attached to the component will constantly be updated to show you the
recorded data in real-time. To finish recording, press the stop button in the

10.

Network Window.

Real-Time Mode Updating. ..

Y
2 Q
-

After the recording is finished, the data will be stored inside the Adlink-DAQ
module. Right-click the Adlink-DAQ component and select Compute—
Transform-Fourier Transform. This will perform a Fourier
transform and convert the recording into the frequency domain. Right-click
the FFT component and select Viewer—Channel Viewer to view the

resulting graph.
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Metwark

& [

Project] ¥ ]

E-Y—

b IFFT oy LI Viewer2 2]

ad | -1

ViewerZ updated. Lutn o O

Adlink-DAQ -FFT
T

2e-05
1e-05
D 1 | | 1 | | 1 | | | | |
o 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 BO000
Frequency [Hz]
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Function List

4.1 Computing With Signal Flow Object
414 Channel

1.Channel Switch: Select a single-channel from a multi-channel source.
2.Data Selection: Selecta time frame froma source data to be analyzed.

3.Fill NULL Value: Use mathematical methods to fill any data that is missing
(known as NULL value).

4. Input Switch: Acceptall sorts of input signals, and one signal is chosen.
5.Remove Channel: Remove a single-channel from a multi-channel source.
6. Replace Value: Replace a particular value in the signal data.
7. Resample: Set a new sampling frequency value to a signal data.

8. Time Shift: Shift the graph along the x-axis (time).
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4.1.1.1 Channel Switch

Select a single-channel from a multi-channel source.

Properties

This module accepts input of Signal (which could be a real number or complex
number, multiplechannel, Regular or Indexed), numeric (which could be a real
number or complex number, multiple-channel, Regular or Indexed), and Audio (which
could be real number or complex number, multiple-channel, Regulat). The output
formats are real numbers or complex numbers, single channel, and Regular signals. The
propetties and settings of the Channel Switch are introduced below.

Property @
2
Active Chanmnel 1:8ine CHI1
Select Last Chamnel False
» Moduole
Channel Switch
Channel Switch ..
{ } Property Definition Default Value

Property Name

Channel Count

Shows the number of
channels currently
connected to components

Positive integer

Active Channel

Select the active channel

Channel 1 (the 1™ channel)

Select Last
Channel

If Select Last
Channel is set as True,
then the channel to be
removed will always be the
last channel

False

Example

Combine a sine wave data with a trangle wave data into multi-channel and use
Channel Switch to sclect one of the signal waves to display.

1. Create 2 Source—>Sine Wave and a Source—Triangle Wave and

connect the two components into a Conversion—>Merge to Multi-
Channel to create a multi-channel signal data.
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Nf-twork - 0 X
% ! X
Projectl® ]

(] ToMultip{—wy| [ Viewer [1]
i . ; _!

-
g

Viewer updated, Auto O O

Property \E‘

N udule

——
Time Tnit L
TimeLength 1
SamplingFreq 1000
Datalength 1001
SignalFreq b
Lnplitude 1
LynplitudeOffmt 0
Phaze 1]
Tirmedtart 1]

Module

(Sine, Triangle) - ToMulti
T T

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

Change the SamplingFreqg of both Sine and Trangle component to 1000,
SignalFreqto6 and 15 respectively.

2. Output ToMulti component to a Channel Viewer component. In the
Channel Switch component, you can change the Active Channel to
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1:Sine_CH1 or 2:Triangle_ CH1 to read either the sine wave signal or the trangle
wave signal.

Viewer? updated.

Property . E
4 Channel Switch
Chanmnel Comnt 2
Letive Chanmnel 1:5ine CH1 |z|
Select Last Channel  False
> Module

Active Channel
Select an active chanmnel

(Sine, Triangle) - ToMulti - Switch
T T

1 T T T

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]
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Property @

a Channel Switch
Chaume] Count 2
Active Channel |E|

Helect Last Channel  False
> Module

Active Channel
Select an active channel

(Sine, Triangle) - ToMulti - Switch
T T

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

Related Functions

Merge to Multi-Channel, Channel Viewer, Source
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4.1.1.2 Data Selection

Select a time range from a source data to be analyzed.

Properties

This module accepts input of Signal (which could be a real number or complex
number, single channel or multi-channel, Regular) and Audio (which could be a real
number or complex number, single channel or multi-channel, Regular).

Enter the selected range of the signal by defining the StartPosition and
EndPosition (time unit). You can also move your cursor near the entering field
and the “...” button will show up. Click the “...” button at the right side of the field to
enter the Data Viewer and select the range by mouse.

Property

=

a Data
SamplingFrequency |0
DrataCount 1]

a Data Selection
StartPosition
EndPosition end
DiownSampleitep 1
MewCount

> Module

start

EndFPosition
End Position. Twpe ‘start’ or end ' for the stact / end, of the
input sgnal

{Data}
Property Name

Property Definition

Default Value

SamplingFrequency

Displays the sampling
frequency of the input data

0

DataCount

Displays the sampling
count of the input data

{Data Selection}
Property Name

Property Definition

Default Value

StartPosition

Entets the value of the
start position of the input
data

The original start time for
the input data

EndPosition

Enter the value of the end
of the input data

The original end time for
the input data
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Reduce the sampling
DownSampleStep frequency of a signal by 1
dividing an integer

Display the new data count
re-calculated by selected
interval and
DownSampleStep

NewCount

Example

1. Create Source—> Sine Wave and connect it to Viewer — Channel

Viewer.
Network 8 _ IE‘
' ! X
Froject] * l
Viewer updated. At o O
Sine
1 T T T T T T T T T 7]
O - —
1t 1 1 1 1 1 1 1 1 1 ]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

In this Sine component the SamplingFreqgis 1000 and the SignalFreqis 20.

2. Connect a Compute — Channel — Data Selection to the Sine
component then connect it to Viewer—>Channel Viewer. In Selection
component set the StartPosition to t=0.2 and EndPosition to
t = 0.4 and the new graph will be show the range betweent = 0.2 tot = 0.4
(The otiginal range is between[0, 1], so the new range has to be within the original
range.)
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3
5
=

X e

pi[1 Selection ->|—» 1l Viewer? [2] |

Viewer2 npdated. Lutn 0 O
| I

—-——

Property ’ — E!
4 Data

SBamplingFrequency 1000

DataCount 1001
4 Data Selection

StartPosition 02

EndFPaosition K L

DownSampledtep 1

WewCount 201
> Module
EndPosition

End Position. Type 'start’ or 'end ' for the start / end of the input signal

Sine - Selection

0.2 0.22 0.24 0.26 0.28 0.3 0.32 0.34 0.36 0.38
Time [sec]

3. The range will now be between [0.2,0.4] and the NewDataCount is 201. Tty
using DownSampleStep to reduce sampling frequency. By setting
DownSampleStep to 5, the sampling frequency of the sine wave will change to
200 from 1000 and the NewDataCount will be 41. This will cause the cutve of
the sine wave to become rough.
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Property @

SamplingFrequency 1000
DataConmnt 1001

a Data Selection
StartPosttion 02
EndPosition 04
DowndampleStep 5
HewCount 41

» Module

Data

Sine - Selection
l - T T T T T T

'1 C 1 1 1 1 1 1 1 1 1
0.2 0.22 0.24 0.26 0.28 0.3 0.32 0.34 0.36 0.38
Time [sec]

How to select a data range with Data Viewer

Property  —— =
a Data
SamplingFrequency 1000
DataCommnt 1001

4 Data Selection
R *nsition

EndPosition 1

Downdampledtep 1
HewCount 1001 |
> Module I
StartPosition

Start Position. Type ‘start’ or 'end ' for the start / end of the input signal

1. Click “...” to enter the Data Viewer. The top graph is the full signal where the
range can be selected by drageing your mouse over the desired area. After selecting
your range, the selected data will be shown within two red vertical lines as indicated
in figure below. The second graph shows the partial data which you selected.
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[ Rang
a1zl

[Proet) Seecton | ProFei] Sne |

n for [Projectl]

, Extract partial data from full signal.

Full signal

=Tl

= T T T T T

L L
015 0z

? From 264 Step: ||

L L
0ss EE)

L
038

N 452 Channels: 1
et =

Par

L
03 035 04

v N Fyso—, o
287 0.287 -0.99802672842.
288 0.288 -0.95802672842.
293 0293 -0.77051324277.
204 0.294 -0.68454710592.

Channel

Histogram - Channel 1

T
100 [
s0f
ol L
E ]

4 Data

Samping Frequen 1000
Data Count 1001
Time Length 1
Unit sec

4 Data Channel
Channel Count 1

> Channel Channel 1
Min -0.998027
Index of Wi 988
Max 0.908027
ndexofkax 963
ean 1BSTTTE-16
STD Deviaton ~ 0.707107

1

N

After deciding the range, click m to extract the data. The Selection

component will automatically importt the selected value of StartPosition
and EndPosition.

Related Functions

Data Viewer,

Property | —— &
a Data
SamplingFrequency 1000
DataComnt 1001

4 Data Selection

EndPosition 0.735
Downdampledtep 1
HewComnt 452
> Module
StartPosition

Start Position. Type 'start' or end ' for the start / end of the input signal

Channel Switch, Channel Viewer,

Source
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4.1.1.3 Fill Null Value
Use a mathematical method to fill any data that is missing with the NULL value.
Introduction

To fill in the data signal x = {x, X;,***, Xy_1J, Which contains NaN (Not 2 Number)
or NULL values.

Properties

This module accepts input of Signal (which could be a real number, single channel or
multi-channel, Regular or Indexed) and Audio (which could be a real number, single
channel or multi-channel, Regular).

In the Fi11Method, thete are six methods to fill in the missing values.

Property @
a Fill Hull ¥alue

FillMethod
Select a nll valve fill method.

{Fill Null Value}

Property Name Property Definition Default Value

Thete ate the FixedValue,
PrevValue, NextValue,
LinearInterpolation,
FillMethod SplineInterpolation,| LinearInterpolation
and MonotonicCubic
methods to fill the NUIL
value

Enter a value to replace all the

Nullval
ULLVatue | NULL values.
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Variable Option Property Definition
A new NullValue vatiable option will appear in the
FixedValue Properties Window. Enter a value to replace all the
NULL values to the values entered
Previalue The NULL vglue will be replaced with the previous
value in the signal
The NULL value will be replaced with the next
NextValue . . :

available value in the signal

Limearintersolation Using linear interpolation to calculate the value of the
NULL

Sl ine Tt erpol st dom Using spline interpolation to calculate the value of the
NULL
Monotone cubic interpolation is a type of cubic
interpolation that preserves monotonicity of the data

Mmoot o set being interpolated. MonoticCubic method is
enotonictublc better than SplineInterpolation method

when the slope of the signal is large e.g. Square
Wave

Example

To fill in the missing values using F11l NULL Value component.

1. Open demo53 in the directoty C:\Program Files\AnCAD\Visual Signal\demo.
From the graph in the Visualization Window, you can cleatly see the missing
values on the graph.

Note: File locations will be different depending on platform (x86 or x64) or the
installation path you selected.

test3_Mah
=L T I T I . T .:f'l"_.l T /! =
_ §
o | |
D N | ._
W —
2 | 1 1 | 1 \\_I-r |NULL I'IIIIrlall.,le
o 0z 04 I 08 I o8 I 1 12 I 1.4 I 18 I
time { sac)

2. Connect the source signal data to Compute— Channel—Fill NULL
Value and select LinearInterpolation in the FillMethod of the
Fill NULL Value component.
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Metwork

's !

demo53 - NullValusHandl=* ]

ad 1

Viewer3 updated. Luto O O

=

Linearlnterpolation

Fill Mull ¥alue

test3_NaN - FillNull - Linear

Time [sec]

3. Select SplineInterpolation method instead and the way the values are
filled in will be considerably different.

test3_NaN - FillNull - Spline

2k T T T T T T T T T T

2¢ 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Time [sec]

4. In the Text Importer there is also an option to fill in the missing value but this
feature is different from the Fill NULL Value component.
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x

Data Range

Rows: | 1

Bk

|end

S

Specify Time Axis

Figld Format

@ Any Whitespace () Delimiter |, -

1

Columns: | 1

E" To |end E”

Data Direction: [] concatenate to one channel

Complex

() Fixed Field

Lot

-1

Handle NullValues

Time Coordinate

Time Unit: E

Handle Repeat Time Coorc

Sample Freq:

Linear
Fixed Value

Prev Value

Next Value

Spline Interp
MonotonicCubic

p -

S

Down-sample by:

-

Date Axis
Enable
File Contents
i 10 20 30 40 50 -
001: 0l 1 [j
002: 0.001] 1]
003: 0.002] 1]
004: 0.003] 1]
005: 0.004] 1]
00&: 0.005] 1]
007: 0.006] 1]
008: 0.007] 1]
009: 0.008] 1]
010: 0.0091 1| ki
4 [t ] v
[ mpot ][ cance

] A

5. Import a data which has missing values and intentionally uncheck the box
Handle Null-Values in Text Importer. The imported value and graph is

shown in the image below.

Project] * I

Viewer updated.

[ Aub 00
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Square

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Time [sec]

0.9 1

6. Now create two Fill NULL Value components to connect to the imported
source signal data, where Square Wave has some removed points. The first
component will use the SplineInterpolation fill in method and the

second component will use the MonotonicCubic fill in method.

Network @
s ! X
Project] * l

{0 Viewer [11}

Fiewer updated. Autn o O

7. From the fesults shown in the Channel Viewer, there is an obvious
difference between the SplineInterpolation method (thin dark line) and

the MonotonicCubic method (thick blue line).

(Square - FillNull, Square - FillNull2)

or ]
. 1 1 1 1 1 1 1 1 1
0.04 0.042 0.044 0.046 0.048 0.05 0.052 0.054 0.056 0.058
Time [sec]
Related Functions

Text Importer, Resample, Channel Viewer, Source
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4.1.1.4 InputSwitch

Select one channel from a multi-channel input signal.
Properties
This module accepts input of Signal (which could be a real number or complex

number, single channel or multi-channel, Regular or Indexed), Audio, numeric, and
spectra. The definition and default value of the parameters are shown below.

Property IE'
1]
Aetive Input
» Module
Input Switch
{Input Switch} .
Property Name Property Definition Default Value
Tnput Count Total number of channels in this .
component
Active
The selected channel number 1
Input
Example

Use Source—>Noise as the source signal, carty out different calculations on it and
output the results in a different format. Then use Input Switch to select one of
the channels.

1. Create Source—>Noise in Network Window. In the Property Window set
TimeLength to3, set Sampl ingFreq to 1000, and set Amp 1itude to 1.

2. Connect the Noise component to Compute — TFA — ShortTerm
Fourier Transform, Compute — Transform — Fourier
Transform,and Conversion—>Convert to Audio, respectively.
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[Bwitch updated.

3. Connect all outputs of the calculations to Compute— Channel— Input
Switch, and view the result with a Channel Viewer. Change the Active
Input settingin Input Switch to view different results.

Iawitch §y

Viewer updated. Luto 0 O

Property \El
4 Ioput Switch
Tnput Count 4

Active Input

Active Input
Aetive input
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4. Connect Input Switch to Viewer— TFA Viewer and change the
Active Input settingto observe the result of the STFT.

Noise - STFT

500 0.4

0.3

N
L
>
2
S 0.2
35
g 200
w
0.1
100 £
0 -
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time [sec]
Related Functions

Fourier Transform, Convert to Audio, ShortTerm Fourier
Transform, Time-Frequency Viewer, Source
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41.1.5 Remove Channel

Remove a single-channel from a multi-channel source.

Properties

This module accepts input of Signal (which could be a real number or complex
number, multi-channel, Regular or Indexed) and Audio (which could be a real number
or complex number, multi-channel, or Regular).

Property @
: t;éChmmel
Channel Count 3
Remove Channel 1:8ine_CH1
Select Last Channel False
Module
{Remove
Channel} Property Definition Default Value
Property Name
Channel .
Count Displays the number of channels 0
Remove
Select the channel to be removed Channel 1
Channel
If Select Last Channelis
Select Last | setas Tre, then the channel to be Fal
Channel removed will always be the last >
channel
Example

Combine a sine wave, a triangle wave and a square wave together, connect it to a
Remove Channel component and remove the sine wave.

1. Create Source—>Sine Wave, Square Wave and Triangle Wave and
connect them all to a Conversion—Merge to Multi-Channel to
make the three waves into a multi-channel signal data. Set the SamplingFreq
as 1000 and set the Sine component’s SignalFreq as 5, Square
component’s SignalFreq as 8 and Triangle component’s SignalFreq
as 15 and observe the different waves on the graph.
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 Network . =)
bBm x

Projectl * |

Remove"h updated. At O O

Amplitude 1
Amplitod eCffset 0
Phase 1]

1]

Time3tart

SignalFreq
Bpecify the frequency of the generated signal.

(Sine, Square, Triangle) - ToMulti
T T

L s

-l 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

2. Connect the Merge to Multi-Channel component to Compute—
Channel—Remove Channel and set Remove Channel as 1:Sine_ CHI

(sine wave).
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Metwork

"5 3|8 ]

Project] * ]

ad -]

Wiewer2 updated. Auto o O

Property i @

4 Remnve. Channel
Chanmne] Comnt 3
Femove Channel 1:8%ine CHI1
Select Last Channel  False

Module

(Sine, Square, Triangle) - ToMulti - RemoveCh [Ch1]
1 T T T T T T T T 1

-1 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

3. Now set the Select Last Channel as True and you will see that Remove
Channel will automatically change to 3:Tnangle_ CH3 and the trangle wave
signal (Channel 3) will be removed.
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Property @
> Module
4 Remove Channel
Channel Count 3
Remove Chamnel 3:Triangle_CHI1

Select Last Channel  Jgga) E‘

Select Last Channel
Automatically selects the last channe] if troe.

(Sine, Square, Triangle) - ToMulti - RemoveCh [Ch3]
T T

E/,u/\w, N4 \/ﬂ,/

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

Important Note

Channel Switch and Remove Channel are completely opposite functions.
Channel Switch presetves a single selected channel from a multi-channel signal
data and Remove Channel removes the single selected channel from a multi-

channel signal data.
Related Functions

Merge to Multi-Channel, Channel Switch, Source
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4.1.1.6 Replace Value

Replace a patticularvalue in the signal data.

Properties

This module accepts input of a signal (which could be a real number, single channel or
multi-channel, Regular) and Audio (which could be a real number, single channel or

multi-channel, Regular) and replaces specific values to another value.

Property

=

Replacelethod
Condition Expression v = null

Expression

Replace Value Tvpe  Custom
ReplaceValue 1]
StartPosttion start
EndPosition end

Module

{Replace Value}
Property Name

Property Definition

Default Value

ReplaceMethod

There are A1 1, Expression,
Outlier,and ByPass
methods to replace value.

Expression

Condition
Expression

Use the conditional expression to
replace value. The arithmetic
operators afre available to use. Only
for Expression mode.

y = null

Replace Value
Type

There are thtee kinds of value
types, Cust om, NULL, mean,

and medi an.

Custom

ReplaceValue

Set the value which signal data will
be replaced with.

0

StartPosition

The start position of x-axis to

The start point of the

begin replacing, input signal.
EndPositon | The epd position of x-axis to end The .end pqint of the
replacing; input signal.
Outlier The multiples of the standard 3
Boundary deviation. Only for Out lier
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mode.
. True sets the sliding window
- ,iéldlﬁg g which is used for the Outlier False
TRAOW FHOGE | hode. Only for Outlier mode.

Example
Change the maximum value of the square wave toanother number

1. Create 2 Source—>Square Wave and connect it to 2 Viewer—Channel

Viewer.
Metwork IE\
[ L [
LREY ) X
Projectl * ]
Viewer npdated. Lt O O
Square
1 ' g
0 — -4
-1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

2. Now connect the Square component to Compute—Channel—>Replace
Value and modify the Condition Expression to y==1. Then set the
ReplaceValueto 05, Start Positionto(.2,and EndPosition to 0.6.
Now all the values in [0.2,0.6] of the squate wave which were originally 1 will
become -0.5.
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Metwork

£ !

Project] * ]

ad |1

\1;5 Bl Replace ;.l_.H [ Yiewer2 [2]}

Viewer2 updated. Luto o O

Property @

P Yalue

Replacebethod Expression
Condition Expression y=1
Replace Value Type Custom

Replace¥alue -0.5

StartPosition 02

EndPosition 06
Module

Square - Replace

1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

3. Change Replace Value Type to Null, Mean, or Median and observe
the difference between these types. Null, Mean, and Median will replace values
with a null value or the mean or median of a specified range, refer to the bottom
figures to observe the differences.
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Square - Replace(Null)
T T

1 T T ]
0 - -
¢ | 1 1 ) 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]
Square - Replace(Mean)
T T T T
1 —
0 - -
¢ | | | 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]
Square - Replace(Median)
T T T T
1 —
0 - -
-1t | 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]
Important Note

You can only replace one value at a time. If you want to replace multiple values then
several Replace Value components will have to be created.

Related Functions

Source, Channel Viewer
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41.1.7 Resample

Resample allows you to set a new sampling frequency value toa signal data.
Properties
This module accepts input of Signal (which could be a real number or complex

number, single channel or multi-channel, Regular) and Audio (which could be a real
number or complex number, single channel or multi-channel, Regular)

Property IE'

a4 iData;
Frequsm;.rUmt
SamplingFrequency| 0
DrataCount 1]

» Module

4 Resample
Step Downsampling True
Diowniamplingkett Sample
DiownSamplingstep 1
WewSamplingFrequ 1000

Mewr ot 0
Data
{Data} ..
Property Name Property Definition Default Value
Fremeney g - Samphng frequency unit of None
input data
Sampl ingFrequency zazlphng frequency of input 0
a
DataCount Sampling count of input data 0
{Resample} "
Propetty Name Property Definition Default Value
If set to True, the input data
Step Downsampling | will be down-sampled with True
DownSamplingStep
Select a resampling

interpolation method:
ReSamplingMethod Nearest, Linear,
Spline,and
MontonicCubic
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Select a down-sampling
. method: Sample, Average,
DownSampl ingMethod ssiDe e, P Sample
or PeakDetect
Set the integer ratio for down-
DownSamplingStep sampling if Step 1
Downsamping sets True
NewSamplingFrequency St e ey smnpling 1000
frequency
NewCount Display the new sampling 0
count of the data output
{DownSamplingStep} ..
Variable Option Property Definition
Saioie Set the range of samples of DownSamplingsStep. Picks

the first point of samples.

Set the range of samples of DownSamplingsStep. Picks

A
reege the average value of samples
MaxDetect Set tbe range of samples of DownSamplingsStep. Picks
maximum value of samples.
e e Se.t t.he range of samples of DownSamplingsStep. Picks
minimum value of samples.
PeakDetect Set the range of sgrpples of DownSamplingStep. Picks
maximum and minimum values of samples.
{ReSamplingMethod} .
Variable|Option Property Definition
Nearest Use the nearest value to fill the new sample
. Uses Linear Interpolation to calculate the value of the re-
Linear
sample
: Uses Spline Intetpolation to calculate the value of the re-
Spline
sample
Monotone cubic interpolation is a type of cubic
interpolation that preserves monotonicity of the data set
MonotonicCubic | beinginterpolated. MonotonicCubic method is better than
SplineInterpolation method when the slope of the signal is
larpe e.g, Square wave
Example

Create a Sine Wave component and apply Resample component to it.

1. Create Source— Sine Wave and edit the SamplingFreqg to 100 and
DataLength to 101. Connect the Sine Wave component to Viewer—
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Channel Viewer to sce the graph. You can clearly see from the graph that the
wave signal is not as smooth.

Metwork @
ERema ) x

Froject] * ]

Vigwer updated. Avto O O

TimelTnit B

TimeLength 1

SamplingFreq 100

Datalength 101

SigmalFreq 10

Amplitode 1

AmplitndeOffet 0

Phiase 1]

TimeStart 1]

Module
Sine
1 - T T T T T T T T T -
O - —
'1 C 1 1 1 1 1 1 1 1 1 7
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

2. Connect the Sine Wave component to Compute—Channel—>Resample
and edit the wvalue of  NewSamplingFrequency to 51 and
UpsamplingMethod to Linear to compare the difference between the

two.
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1

3. Now try changing the UpsamplingMe thod to Nearest.

Network
P L N x

Project1® |

Viewer2 updated. Auto O O
4 Data
FrequencyUnit Hz
SamplingFrequency 100
DataCount 101
& Module
4 Resample
Step Downsampling False
ResSamplingMethod Linear
MNewSamplingFrequency 51
NewCount 52
Sine - Resample
T T T T T T T T T
1 1 1 1 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Time [sec]

=
e =

Hz
SamplingFrequenc: 100
DrataConunt 101

> Modunle

4 Resample
tep Downsampling False
Refamplingtdethor Nearest
NewSamplingFreq: 51
WewConut 52 I

Data

75




VISUAL SIGNAL EXPRESS GUIDE

Sine - Resample

0.1 0.2 03 0.4 0.5 0.6 07 0.8 0.9 1
Time [sec]
Create 2 Square component and connect it to two Resample components and
set one of the Resample component’s NewSamplingFrequency to
100000 and UpSamplingMethod to Spline and the other Resample
component’s NewSampl ingFrequency to 100000 and
UpSamplingMethod to MonotonicCubic and connect both Resample
components to the same Channel Viewer component.
MNetwork @

") ! X

Project] * l

Viewer updated. Luto o O

(Square - Resample, Square - Resample2)
0 0.1 0.2 03 0.4 0.5 0.6 07 0.8 0.9 1

Time [sec]

Notice the slight difference around the corners of both wave signals. Zoom into the
graph for a closer look.

1

0

-1

(Square - Resample, Square - Resample2)
T T

0.048 0.0485 0.049 0.0495 0.05 0.0505 0.051 0.0515 0.052 0.0525 0.053 0.0535

Time [sec]
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The thin black line is created through the Spline method and the thick blue line is
created through the MonotonicCubic method. From the graph you can observe
that Spl ine method has a tendency of overshooting while the MonotonicCubic
method does not have that problem.

Related Functions
Source, Channel Viewer, Fill NULL Value
Reference

Numerical Recipes 3" Edition: The Art of Scientific Computing by William H. Press,
Saul A. Teukolsky, William T Vettedingm, Brian P. Flannery

http://enwikipedia.org/wiki/Monotone cubic interpolation
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4.1.1.8 Time Shift

Shift the graph along the x-axis (time).

Properties

This module accepts input of Signal (which could be a real number or complex, single
channel or multi-channel, Regular) and Audio (which could be a real number or
complex, single channel, or multi-channel, Regular).

Property @
4 {Dam;
Channel Count 0
Sampling Frequency |0
Diata Length 1]
Datallnit
Uit
> Module
a Time Shift
Shifttode ShiftStart Time
Shift¥alue 0
Data
e Property Definition Default Value
Property Name
Channel Displays the number of channels 0
Count connected to the component
Sampling Displays the sampling frequency of 0
Frequency | the component
D Do Displays the data length of the 0
component
Datalnit Displays the data unit of the None
component
Unit Displays the unit of the component None
i B Property Definition Default Value
Property Name
Select the type of shift method to
apply to the graph. There are
ShiftMode ShiftStartTime, ShiftStartTime

SetStartTime,and
SetStartDateTime three
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options.
ShiftValue Set the shift value 0
StartValue Set the statt time value 0
StartDate Set the start date 2000/1/1
StartTime Set the statt time 00:00:00

{ShiftMode}

Variable Option Property Definition Default Value

Shift Value. Shift the start time
of the graph to the entered
ShiftStartTime | value (the ime shift will either ShiftValue=0
add to or minus from the
original start ime)

Statt Value. Set the start time of

SetStartTime StartValue=0
the graph to the entered value
) StartDate =
Start Date, Start Time. Set the 2000/1/1
SetStartDateTime | start date and the start ime of S
StartTime =
the graph to the entered value 00:00:00

Example

Create 2 Sine Wave component and shift its time value.

1. Create Source—Sine Wave and set the TimeStart to 3. You can see that
the first point of the sine wave will begin at the 3 second mark.

Property @

> Module

4 Source
Time Tt eC
TimeLength 1
SamplingFreq 1000
Datal.ength 1001
BignalFreq 10
Amplhtode 1
AmphtodeOifzet 0
Phasze 1]

3
TimeStart
Start Hine
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1 1 1 1 1 1 1 1 1
3 3.1 3.2 3.3 3.4 35 3.6 3.7 3.8 3.9
Time [sec]

2. Connect the Sine Wave component to Compute— Channel— Time
Shift and set the ShiftMode and select ShiftStartTime and set
ShiftValue to2. You will see that the start time on the graph has shifted to the

th
5™ second.

Network @
X

s SN

Project] * l

{11 Shift i.}_..g T Viswerd [2] ‘

Fiewer updated. Lutn o O

Property @

a Data
Chanme] Comt 1
Sampling Frequenc:| 1000

Diata Length 1001
DatalTnit
it sec
> Module
4 Time Shift
shifthiode ShiftStartTime

Shaft¥alue

Shaft¥alue
Shift time walue
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Sine - Shift

1 1 1 1 1 1 1 1 1
5 5.1 5.2 5.3 5.4 5.5 5.6 5.7 5.8 5.9 6
Time [sec]

3. If you select SetStartTime and set the StartValue to 1, then the first
point of the graph will start at 1 second mark.

Property \E‘
a Data

Chanmne] Cownt 1
Sampling Frequenc: 1000

Diata Length 1001
DratalTnit
it seC
> Module
a Time Shift
Shifttdode SetStartTime

StartValue 1

StartValne
Start time value

Sine - Shift

1 1.1 1.2 1.3 1.4 15 1.6 1.7 1.8 1.9
Time [sec]

Important

Time Shift allows the user to shift the graph along the x-axis and the RemoveDC
function allows the user to shift the graph along the y-axis.

Related Functions

RemoveDC
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412 Fiter

This module provides several regular filters which are used to remove some
components from input signals, based on different signal characteristics.

1. FIR Filter: Fundamental Finite Impulse Response Filter
2. Median Filteur: Significantly reduce impulsive noises.
3. Moving Average Filter: Used to remove random noise

4. Notch Filter: A Notch filteris a stop-band filter witha narrow band.
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4121 FIRFilter

Finite Impulse Response Filter is the fundamental filter prototype in digital signal
processing. It can remove a high-frequency, low-frequency or a given band frequency
components. The term finite means that the filter impulse response is finite.

Introduction

Assume an input signal is given as shown below.

test2

o 0z 0.4 0.6 0.E 1 12 14 186 18 2
time ( sec)

The Fourier Transform is shown below. It is desired to remove the high frequency
components and presetve the low frequency components.

Viewer2

- - : : : -
30 40 50 &0 70
fraquency{ Hz)

(The thin black cutve represents the Foutier Transform of the original signal and the
bold red cutve represents the desired filter)

Therefore, define a function representing the filter above in Foutier Space and multiply
it with the Fourier Transform of the original signal.

Multiplier - ToComplex
T T T T T T T

02k -1

(iR o =

i i Il 1 L i
[1] 10 Z0 30 40 S50 B0 70
frequency ( Hz )

Next, conduct an Inverse Fourier Transform to remove the high frequency
component. The result is shown below.
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Multiplier - ToComplex=IFFT

time ( sec )

Besides the low-pass filter above, the high-pass filter is shown below.

Math

05

(/] 10 20 30 40 50 &l 7O
frequency | Hz )

BandPass: The BandPass filter is shown below.

Math

05

1] 10 20 30 40 50 a0 70
frequency( Hz )

BandStop: The BandStop filter is shown below.

Math

05

[1] 10 20 30 40 =0 60 O
frecouimnewd Hz

Bypass: All frequency components can pass through the filter.

Properties

This module accepts input of Signal (which could be a real number, single channel or

multi-channel, Regular) and Audio (which could be a real number, single channel or
120multi-channel, Regular).

The main property of FIR Filter is FilterType, which has 5 options:
LowPass, HighPass, BandPass, BandStop and ByPass. LowPass is used
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to remove frequency components which are higher than F'1, while High Pas s is used
to remove components which are lower than frequency F1. BandPass is used to
retain components which are between frequency F'1 and F2 while BandStop is used
to remove them. ByPass allows all components to pass through, ie., the output
signal is the input signal. Definition of properties and default values are shown below.

Property @
. Fﬂw;T)me LowPass
IFFP Trne
Fi 10
Normalized Fl 0
Freq Uit Defaunlt
Diefanlt Tt Hz
FilterCrrder 101
Window Barlett
» Module
FIR
Property @
a FIR
BandPass lz‘
TsIPP Trne
F1 10
Naormalized F1 1}
F2 50
Normalized F2 0
Freq Uit Default
Diefanlt Tt Hz
FilterOrder 101
Window Barlett
» Module
FilterT ype
Select a reanlt type. The result of Bypass will be the same as the
input.
{FIR} ..
Property Definition Default Value
Property Name
5 types are provided which are
FilterT LowPass, HighPass, T OWE
1lter e owPass
YP BandPass, BandStop, and
ByPass
Select True to perform IPP
UseIPP . p . True
algorithms for FIR computation
o For ,owPass and HighPass, 10
F1 represents the cutoff frequency.
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For BandPass and BandStop,
F1 represents the frequency

starting point. Unitis Hz

NormalizedF1l

Demonstrate the normalized F1
based on the Sampling frequency
of the input signal

Varties based on the input
signal

F2

The frequency ending point, F2,
for BandPas s and BandStop
filters. Unit is Hz

50

NormalizedF?2

Demonstrate the normalized F2
based on the Sampling frequency
of the input signal

Varties based on the input
signal

Freq Unit

Specify the frequency unit
associated with cutoff frequency

default

DefaultUnit

Display the frequency unit
associated with trend frequency

Hz

FilterOrder

The number of points in the
discrete impulse response function
of the filter. N means N-order
Filter

101

Window

Use window function to reduce the
leakage effect on the transform.
The window functions include 5
types: Badett, Blackman, Hanning,
Hamming, and Rectangle, whose
definitions are given below.

Badett

Example

This example shows the process of using FIR Filter to remove different
frequency components based on an input signal which contains 10, 51, 193 Hz sine
waves plus white noise.

1. In the Network Window, sclect Source—Noise to create a white noise signal
and set the Amplitude as 0.3. Then use the Source— Sine Wave to
generate 3 sine waves and change their SignalFreq to 10, 51, 193 Hz. After
that, use the Compute—>Mathematics—>Mixer to mix the above signals

and plot them using the Viewer—Channel Viewer (by dmgging the

Output of evety signal to the Input of Mixer).
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BB E

Project] * |

Wiewer updated.

Amplitude
AypplitndeOffsat
TimeStart

Amphinde
The amplitode

> Module

4 Sowmrce
TimnelTnit sec
TimeLength 1
SamplingFreq 1000

DataLength 1001

JL=0 |

Lmnplitude 1
AmplitodeOffzet 1]
Fhaz 1]
Timetart 1]

SignalFreq
Specity the frequency of the generated signal.
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(Noise, Sine, Sine2, Sine3) - Mixer
T T T T T T T T T

0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

(To facilitate the following FIR Filter design, Mixer could be connected to FFT for
frequency spectrum obsetvation)

MNoise - ... -FFT

0 20 40 60 80 100 120 140 160 180 200 220
Frequency [Hz]

2. Onthe Mixer icon, select Compute—>Filter—FIR Filter and change the
F1 to 25Hz and UseIPP to False. The default FilterType is LowPass.
Then, use Channel Viewer to show the processing result. It can be seen that

the frequency components higher than 25Hz are all removed and the output signal
1s similar to sine of 10Hz. However, because the FilterOrder is only 101, the

wave is partially affected.

Viewer2
!
1] n
0.5+ B
0 1 1 1 1 1 1 1 1 1 1
o 20 40 50 80 100 120 140 160 180 200 220
frequency ( Hz )
Metwork \E\
L L
EBEmE ) x
Project] * ]

pi I Tiewer [1]!

B Mieer

v IFIR i,l_»g I Viewer2 [2]

4
4
4
4

11T

Viewer? updated. Lufo o O
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0.5

Property @
a FIR
FilterType LowPass
Fl 25
NormalizedFl 0.05
Freq Uit Defanlt
Defanlt Tnit Hz
FilterOrd er 101
> Module
UszeIPP

Select "True" to uge IPP algonthm for FIR computation.

Noise -...-FIR

1 1 1 1 1
0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

Change propetties of FilterType to HighPass, F1 to 100Hz, UseIPP to
False, and FilterOrder to 500. As shown below, the filter removes the

frequency component lower than 100Hz and it leaves a sine wave of 193Hz with
the White Noise.

Viewer2

T T T T T T T T T T

1 L 1 1 1 1 1 1 1 1

20 40 60 80 100 120 140 160 180 200 220
frequency( Hz)
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Metwark

R )

Project] # l

ad ]

b L Viewer [1]

13
:JM]‘J{ET'
¢

H LUFIR ) Viswerd [2]
s
LI FIRZ 5.}_..; I Viewers 3] |

T

Tizwer2 updated. Luta o O

Property @
a FIR
FilterType HighPass
UEANS False
Fl 100
NormalizedFl 0.2
Freq Uit Defanlt
Defanlt Tnit Hz
FilterOrder
> Module
FiltexOxder
The filter order

Moise - ... -FIR2

L‘ L=} —
=T
—————

0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

4. Repeat Step 2 and add one FIR Filter. Change the FilterType to
BandPass, UseIPP to False, F'1 to 25Hz, F2 to 100Hz, and Fi lterOrder
to 500. The frequency components between 25~100Hz would pass through while
other components would be cut off. Therefore, the output isa Sine wave of 51 Hz.
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Viewer2

1
100 120 140 160 180 200
frequency ( Hz )

LR

Project] * |

i )I Viewer [1
e

/
» I FIR .l_» Viewer (2]

I
» I FIRZ ;.I_.,g Viewers [ |

H FIR3 )y —»#| | Viewerd (4]

Viewerd npdated .

@] Auo OO

ETEED . &
a FIR
Band Pass| E
TIPP False
Fl a5
NormalizedFl 0.05
Fi 100
Wormalized F2 0.2
Freq it Defanlt
Defanlt it Hz
FilterOrd ex 500
> Module
FilterType

Select a result type. The result of Bypass will he the same as the

mput.

220
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Noise - ... -FIR3

0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time [sec]

Related Functions
Source, Mixer, Channel Viewer
References:

http://en wikipedia.org/wiki /Finite impulse response
http://cnxorg/content/m11918 /latest

92


http://en.wikipedia.org/wiki/Finite_impulse_response
http://cnx.org/content/m11918/latest

VISUAL SIGNAL EXPRESS GUIDE

4122 Median Filter

Median Filter is a one-dimensional non-linear filter, used to calculate the median in the
range of filtering (Filter Order). Because it can reduce speckle noise significantly while
retain good edge detection, it is usually used in digital image processing;

Introduction

LetX = {x,,xy,"**, Xy_1} be a N-length input signal, ¥ = {y,, ¥, """, ¥y_1} be
the output signal, and M be the signal length for calculation. The Median Filter is

defined as

_ M -1  M+1
y; = mdeian(x,), i-— 5 <k<i+

Centered on the i*"* data, take % points on both sides to construct a set of array.
Then, find the median in the array to replace the i ™" data. In the case when the number
of data is insufficient, e.g, M > NorN —i < ?, repeat the edge data to fill the

whole armay. M is supposed to be an odd number. In the case of an even number, it
would be made to be odd by adding 1 automatically.

Propetrties
This module accepts input of Signal (which could be a real number, single channel or

multi-channel, Regular) and Audio (which could be a real number, single channel or
multi-channel, Regular). The formats of input signal and output signal are identical.

Property @
hﬁﬁteﬂ'}lpe LowPass
FilterOrder 101
> Module
Median Filtex
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{Median Filter}
Property Name

FilterType

To set the filter to remove high-
frequency or low-frequency

are LowPass, Hi ghPass, and
ByPass

FilterOrder

The data length of the median
filtet, i.e., M, is supposed to be an
odd number. In the case of an even
number, it would be changed to an

Property Definition Default Value

components. The available options LowPass

odd number by adding 1

automatically

Example

The example shows the procedure of using a median filter to process a signal of a

squate wave and remove speckle noise.

1. Right dick in the Network Window, select Source—>Noise to generate a
noise signal. Set the NoiseType as Speckle, Probability as 0.25. In
addition, select Source—>Square Wave to generate a square wave. Use
Compute—Mathematics—>Mixer to mix these two signals and then use
Viewer—Channel Viewer to show the tesult in the window.

Project] * l

Metwark @
e | X

¥ ] Miver ;,}_..g i Viewer [1]

et
s

Wiewer updated .

@] Auto OO
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"Pro perty @

> Module

a MNoise
Noize Type Speckle
Probability

a Sounrce
Timne it SEC
TimsLength 1
SamplingFreq 1000
Datalength 1001
Lmplitude 1
LmplitudeCffsst 0
Tims$tart 0

Probability

Specify the oceumrence probability of speckle nois

(Noise, Square) - Mixer
2 T T T T T T T T T ]

| | | 1 | | | | |
0 01 0.2 0.3 04 0.5 0.6 07 0.8 09 1
Time [sec]

2. Click on the Mixer component to sclect Compute—Filter—Median
Filter, then change the FilterOrder to 5. Use Channel Viewer to
show the result.

Metwork @
X

© !

Froject] * l

=
s

b Miver ;,}_..g  Viewer [1] |

b/ Median ;,I_..g 1 ViewesZ [2] |

Viewer? updated. Luta o O
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. Property @

rType LowPass
FiltexOrder 5
> Module
Median Filtex

(Noise, Square) - Mixer - Median

-2 1 1 1 1

| | | | |
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1
Time [sec]

3. In step 2, a good result is achieved. As shown below, FilterOrder can be
increased 4 times if the Median Filter is adjusted to 21, ie,
FilterOrder = 21. Not only will the speckle noise be removed completely,
but the edge sharpness will still be preserved.

. Property @

a Median Filtex
FilterType LowPass
FilterOrder

> Module

FiltexOxder
The filter order

(Noise, Square) - Mixer - Median

|
0 01 02 0.3 04 0.5 06 07 08 09 1
Time [sec]

4. Finally, to test characteristics of Median Filter, come back to the Noise
component and change Speckle noisetoWhite noisein NoiseType.
As shown below, it can be seen that the Median Filter cannot eliminate the
effect caused by white noise completely. However, the wave edges are mostly
retained. This is the main charactetistic of Median filter.
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Property @
> Module
4 Woise
White| |Z|
4 Source
TimeTnit sec
TimeLength 1
SamplingFreq 1000
Datalength 1001
I Lomplitude 1
Amplited eOffset 1}
Timedtart 1]
Noise Type
Select a noise type.

(Noise, Square) - Mixer - Median

0 01 02 0.3 04 0.5 06 07 08 09 1
Time [sec]

Related Functions

Source, Mixer, Moving Average Filter, Channel Viewer

Reference

http:/ /en.wikipedia.org/wiki /Median_filter
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4.1.2.3 Moving Average Filter

By calculating the average of signals in the range of filtering (average length), Moving
Average Hilter decreases the noise in discrete time signals and increases the
recognizable ability of peak. The advantages of moving average filter are: simple theory
and fast calculation. However, compared with other types of filtets, it has a low filtering
ability to separate one band of frequencies from another. In spectrum analysis, its
performance is poor.

Introduction

LetX = {xy,%;,"*, Xy_,} be an N-length input signal, Y = {y,, v, "+, Yy_1) be
the output. If the average length of the signal is M elements, for every signal in X the
output is

Vi= 77 Xitj
_~M-1
=2
The formula above means the convolution of the input signal and a square filter which
hasarea of 1 and length M in time axis.

Notice that this filteris similar to the Rolling Statistics on the average calculation. The
difference is how to handle with the edge. On the edge, in the case when average
length My, is less than M, this filter still calculates average using Mj,. Therefore, the
output data length is identical to the input data length. On the other hand, the Rolling
Statistics only calculates average in the range of given data and therefore, the length of
output data length would be less than the length of input data.

Properties

This module accepts input of Signal (which could be a real number, single channel or
multi-channel, Regular) and Audio (which could be a real number, single channel or
multi-channel, Regular). The input signal format and the output signal format are
identical.

Moving Average Filter has three properties, which are FilterType,
AverageLength and AverageCount. AverageLength represents the
number of data points, M, for average calculation. The unit is time. FilterType
sets the type of filters which include LowPass, HighPass and ByPass.
LowPass is the calculation result using the theoty introduced above. Hi ghPass is
achieved by subtracting the LowPass result from the input signal. Because the
original signal is equal to Hi ghPass + LowPass, the output of By Pas s is equal to
the input signal. The default values of propetties are shown in the table below.
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Property @
: ili{nvmégﬂvemge
FilterType Bypass
Lveragelength 0.1
AverageCount 0
Module
{Moving
Average} Property Definition Default Value
Property Name
To set the filter to remove high-
frequency or low-frequency
FilterType | components. The available options LowPass
are LowPass, Hi ghPass, and
ByPass
2 - .
verage The signal length .for. calculation of 0.05 of total length
Length average. The unit is ime
To show the number of signals Automatically adjusts
AverageCount | cortesponding to based on
AverageLength AveragelLength
Example

In this example, a square wave (frequency = 2Hz Amplitude = 1,
TimeLength = 2) is mixed with a White Noise (Amplitude = 0.5
TimeLength = 2) and then processed by the Moving Average Filter.
Different AverageLengths are set to observe corresponding effects.

1. Right click and select Source— Square Wave to create a square wave.
Change its TimeLength to 2 and SignalFreq to 2. Right click again and
select Source—>Noise—>White Noise to generate white noise. Change the
White Noise component’s propetties of TimeLength to 2 and
Amplitude to 0.5. Finally, right click and use Compute—Mathematics—
Mixer to mix these two signals and use Viewer to plot the result.
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| _
ooy =

> Module

a Source
TimneTndt sBC
TimeLlength 2
SamplingFrey 1000
Datalength 2001

1ny 2

Amplitode 1
AmplitodeOffat 0
Phas= 1]
Syimnmetry 0.5
Timedtart 0

SignalFreq
Specify the frequency of the generated signal.

> Module
a MNoise
Mot Type White
a Source
Tirme it o
TimeLength 2
SamplingFreq 1000
Datalength 2001
Amplitode
AmplitodeCifzet 0
Times tart 0
Amplitade
The amplitude

"Ly

Projeu:tl".t |

¥ Miser ;,I_.,.g Viswer (1]

Viewer updated. Luio 0 O
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(Square, Noise) - Mixer
T T T T T T T T T

0 0.2 0.4 0.6 0.8 1 12 14 1.6 18 2
Time [sec]

2. To conduct moving average on the input signal, right click on the Mixer
component and select Compute—Filter—>Moving Average. In the field
of AverageLength, it can be seen that the default value is 0.1s. Similady, it can
be seen that the value of AverageCount is 101 which means that evety output

point of MA is the average of 101 points centering at the corresponding point in
the input signal. Finally, use Channel Viewer to plot the result.

Metwork \E‘
"ol el kO X

Project] * l

—
ST

= Mi:-:erip}—»i i Tiewer [1] |

H I MA )  Viswerd 3]

Viewer2 updated. Auto o O

I Property @
a Moving Average
FilterTowpe LowPass
Averagelength 0.1
LverageCount 101
|
Module
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(Square, Noise) - Mixer - MA
T T

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 18 2
Time [sec]

3. Following step 2, change AverageLength to 0.2 to perform a moving average
again to generate a new figure, named MA2. Then use Channel Viewer to
plot the result.

 Network . =)
el BE

Foject] * |

M|y [ Viover 1]
5 ——
b MR o] [ Viewer2 2]

==

b ibaz ) o [ Viswer3 BT

Viewer3 updated. Lo o O

[ Property =

. ]
> Module
a Moving Average
FilterTope LowPass
Ave ength 02
AverageCount 201

AverageLength
Average length in tine wndt
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1
Time [sec]

Compating the results obtained in step 1, 2 and 3, it can be seen that increasing
Average Length can reduce the noise in the input signal significantly.

However, the drawback of this filter is that the sharp edge of the ofiginal square
wave becomes more and morte flat as the Average Length increases.

Next, after changing the FilterType to HighPass, perform a moving
average again. It can be seen that the result is the input signal subtracted by the

output of MA2.
Metwork @
b Rma ) x
Project] # l
1 Miver g.}_..g S Viewer [1] ‘
v M4 i,l_..g I ViewerZ [2] ‘
o LI MA3 g.}_..g I Viewer3 [3] |
i
PIMAZh i [ Viewerd (4]
Tiewerd updated. Louta o O
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"Pro perty @
> Moduole
a Moving Average
Averagelength 0.1
LverageCount 101
I
FilterT ype
Fesult part. Lowpass means the averaging part. Highpass means the
compenstion part. Bypass wonld be the same as the tnput.

(Square, Noise) - Mixer - MA3
T T T

0 0.2 04 0.6 0.8 1 12 14
Time [sec]

Related Instructions
Source, Mixer, Channel Viewer
Reference

http:/ /www.dspeuide.com/ch15.htm
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4.1.24 Notch Filter

A Notch filter is a band-stop filter or band-rejection filter. It can filter a specitic
frequency.

Introduction

The purpose of Notch filter is filtering a specific frequency. Suppose there is a 60Hz
frequency to be filtered, its frequency response function (FRF) is shown below

Impulse-MotchFiter-FFT
T

DDDQ T T T T T T T T
0.oo F 5
0 1 1 1 1 1 1 1 1 1 7
a al 100 140 200 240 300 340 400 440 a0
Frequency [Hz]
Properties

This module accepts input of Signal (which could be a real number, single channel or
multi-channel, Regular) and Audio (which could be a real number, single channel or
multi-channel, Regular).

Property @
4 MNoich Filter
FilterType BandStop
CenterFrequency 60
Freq Uit Defanlt
Diefanlt it Hz
DiecibelPoint -3
Beand Width 0.01
PhazeCormection Time
Module
Notch Filter ..
{ } Property Definition Default Value
Property Name
To set the filter to remove
specific frequency or pass
FilterType specific frequency. The available BandStop
optionsare BandStop,
BandPass, and ByPass
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Set the central frequency be

F
CenterFrequency fltered 60
pree Uit Speclgf the f.requency unit defadlt
associated with cutoff frequency
Default Unit DlSplfdy the frequency unit Hz
associated with trend frequency
Set the magnitude response
DecibelPoint bandwidth ata l.evel. The less 3dB
value, the rejection-band more
shamp
Set the band width. The
definition is bandwidth of
Band Width attenuation point. The unit of 0.01
Band Widthis(m *
radian/sampling frequency)
PhaseCorrection | Set True to correction phase True
Example

1. Right-click and select Source—>Square Wave and Sine Wave. Change
SignalFreq of Sine to 60Hz and Amplitude to 0.5. Connect Square and

Sine to Compute—>Mathematics—>Mixer and use Channel Viewer to

obsetve the graph.

Metwark

&

Project] * l

=]
X

FFT2 npdated .

] Aubo OO
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M

Property @
> Module
4 Source
TimelTnit fBC
TimeLength 1
SamplingFreq 1000
DataLength 1001
SignalFreq 60
Lmplitude
AvnplitndeOffset 0
Phase 0
Timnetart 0
Amplitade

(Square, Sine) - Mixer

1
0 0.1 0.2 0.3 0.4 0.5

0.6 0.7

Time [sec]

2. Use a Notch Filter to filter sine wave with 60Hz Connect Compute—
Filter—Notch Filter to Mixer component. All settings of Notch
Filter are default, and connect to 2 Channel Viewer. The sine wave with

60Hz will then be filtered.

0.8

[ Network

e !

Project] * l

=
X

o=

r;; i Mber ;.I_..g 1 Viewer [1]

»/ [ Noth g.}_..;  Viewsr [2] ‘

Viewerd updated.

@] Aub oo

0.9
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(Square, Sine) - Mixer - Notch
T T

0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

3. Change FilterType to BandPass from BandStop. Now, the square wave
with 10Hz is filtered.

Property @
> Module
a MNotch Filter
Filter Tpe BandPazs| |Z|
CenterFrequency 60
Freq it Defanlt
Diefanlt it Hz
DecibelPoint -3
Band Width 0.0l
PhaseCorrection True
FilterType
Filter type. The result of Bypass will be the same as the input.

(Square, Sine) - Mixer - Noich
T T

05 —
0
05 I I | 1 I I I I I
0 01 02 0.3 04 0.5 0.6 07 0.8 09 1
Time [sec]
Related Functions

Mixer, Channel Viewer, Source
Reference

http://en wikipedia.org/wiki /Band-stop filter
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413 Mathematics

This group of modules process signals or relationships between signals mathematically,
whose components are listed below.

1.

o

Differential: Select a single-channel from a multi-channel source and do a
numeric differential operation of the input signal.

Integrate: To calculate approximate integration of input signal.
Math: To input mathematical formula for signal calculation.

Mixer: Toadd (or subtract) several signals using an identical time scale.
Multiplier: To multiply several signals using an identical time scale.
Normalize: Normalizes the data for different normalization values.
Remove DC: To remove the direct current component of signal.

RMS: Compute a root-mean-square.
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4.1.3.1 Differential

This component performs a subtraction or a differential operation on two signals.

Introduction

LetX = {xg,%;,*, Xy_1} bealength-N signal, the various difference/differential is
defined as below.

Forward difference: Ax; = x;,, — X;

Divided by the sampling petiod h, the approximate differential value is given by

h h dt

. o s
Central difference: Ax; = %

Dividing the central difference by sampling petiod h, the approximation of differential
can be obtained as follows.

IR

t

Axl _ xi+1 _xi_l 1 dxl
h 2 h

Properties

This module accepts input of Signal (which could be a real number or complex
number, single channel or multi-channel, Regular) and Audio (which could be a real
number or complex number, single channel or multi-channel, Regular). Settings of
related propetties are given below.

Property @
Zern Padding None
Method Simple
Differentiate False

» Module

Diff
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{Diff} .
Property Name Property Definition Default Value
Specify whether to pad the first or
. last point with zero, or not atall.
Zero Padding | qyq e options are None, None
First,and Last.
The differentiaion methods
include Simpleand
Symmetrized Simpleis?2 .
Method S 1
eHae points forward difference while s
Symme trizedis central
difference
Divide the result by the sampling
Differentiate | petiod to obtain the approximation False
of differentiation
Example

This example shows the differentiation of a sine wave.

1. Right click in Network Window to select Source—>Sine Wave to generate a

sine wave, and then use Viewer— Channel Viewer to show it in the

window.

Metwork

ERemeg )

Project] * l

=)
X

Viewer updated.

Sine

0 0.1 0.2 0.3 0.4 0.5
Time [sec]
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2. Right click on the Sine component, select Computer—Mathematics—

Diff, and then use View—Channel Viewer to plot the calculation result,
as shown below. It can be seen that the sine wave is changed to cosine after Di ££
calculation. However, because the default value of Differentiate is False,
the amplitude is very small.

Metwork @
X

© !

Project] * l

v/ 1 Dit a.}_»g i iewerd 4]

Viewer2 npdated. Lo o o

Property @
4 Diff
Zero Padding Hone
Method Simple
Differentiate False
> Module
Diff
Sine - Diff

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time [sec]
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3. The approximation of differentiation can be obtained by changing the
Differentiate in Diff to True. Hete, the Source—>Sine Wave is
sin(2mft), where f is the signal frequency, t is the signal time, and the
differentiation of this sine wave should be 27tf - cos(27ft) . In this example, f is

10 Hz, 2m is 6.28, therefore, the maximum amplitude should be 2mf = 62.83. The
result can be verified by comparing with the result shown below.

Property @
a Daff
Zero Padding None
Method Simple
Diifferentiate True| lz‘
> Module

Differentiate
True aof the differences are divided bor the dats interval.

Sine - Diff

0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time [sec]

Related Functions

Integrate, Channel Viewer
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4132 Integrate

This component performs integration on input signals.
Introduction

Let X = {xg,x1,"*",Xy_1} be an N -length signal, T = {t,,t;, """, ty_1} be the
corresponding X-axis (time axis) coordinates, the numerical integration using n-Simple
can be denoted as the formula below.

i

t
Y = J x;dt = Z X (L — ty)
0

k=0
If Trapezoidal is used, the formula is denoted as below

i

ti 1
Y, = j Xl-dt = Z E (Xk+1 + xk)(tk+1 - tk)
0

k=0
Properties

This module accepts input of Signal (which could be a real number or complex
number, single channel or multi-channel, Regular) and Audio (which could be a real
number or complex number, single channel or multi-channel, Regulat). The related
properties are introduced as in the table below.

Property @
Iethod Trapezoidal
StartPostion start
EndPosition end
Comst 0
i Module
Tote grate
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Property Name Property Definition Default Value
The methods of numetical
Method integration, including Simple Trapezoidal
and Trapezoidal
StartPosition '_The start position in X-axis for The stz.lrting point of the
integration input signal
EndPosition The end position in X-Axis for The egdmg point of the
integration input signal
Const The shift along Y-axis after 0
integration
Example

This example uses the integration function on a sine wave.

1. Right-click in the Network Window. Select Source—>Sine Wave to create a
sine wave, then change the SignalFreq to 1Hz, SampleFreqg to 20Hz,

TimeLength to 1 second (must be set in the final step). Then use Viewer—
Channel Viewer to show it in the window, as shown below.

Metwork @

e BREa B

Projectl * ]

{1 Sine jy—s» I Viewer [1].

Tiewer updated. Luta 0 O

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

2. To show everty point cleady, click PIotEditorinthe Plot Elem Editor
which is found in the Viewer[l] component. In the popped-up Plot Element
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Setting Window, sclect | + | in Marker Style to mark every time point as a
symbol of "+ | in the curve.

Property . E
» Grid -
» Moduole
4 Representation

TirnelTimt sBC o
LegendPosition Hone |
AntoLegend Names Trne 3
HhisType LinearAxis —
Plot Elem Editor PlotEditox ]
DataWalue Type Magnitude
Hold Plot Range False
Hhm auto (0) -
Plot Elem Editor
Betting plot element

-
ol Plot Element Settin E@g
Display Channel Mame Color Line Width Line Style WMarker Style Draw Style
Sine:CH1 @ - - -  une -~
|
Display All ][ Hide Al 0K ” Cancel ][ Apply

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

3. Perform numerical integration using Compute — Mathematics —
Integrate on the sine wave, and change Marker Style to ' x | as what has
been done in step 1 and 2. The figure plotted is the integration result.
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Metwork

& SIR N

Project] * l

ad -]

Viewer2 updated. Luto O O

Sine - Int

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

4. Change StartPosition of the Int component to 0.3, the new calculation
result is shown below. Next, use Data Viewer to observe the signal output
from Int component. It can be seen that the ofiginal value of 21 in DataCount
has been changed to 15.

Note: Changing the StartPosition and EndPosition wil affect the

output signal length.

Property @
a Integrate
bethod Trapezoidal
StarfPostion 0.3 E]
Eind Positino end (1)
Const 0
» Module
StartPosition
Start Position. Type ‘stat’ or 'end' for the start f end of the
input sgnal
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Sine - Int

1 1 1 1 1 1
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

RS x

Channel Information: i
Histogram - Channel 1
3 T T T
2 4
1 1 1 1 1 1 B E
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 H H H H
1 LU } From: 0 Step: 1 N: 15 Channels: 1 o I 1
0.1 [1} 0.1
4 Data
Sampling Freguen 20
Data Count 15
Time Length 0.70000000000000007
Unit sec
4 Data Channel
Channel Count 1
[ Channel Channel 1
Min -0.159067
1 1 1 1 1 1 ;
0.3 0.4 0.5 0.6 0.7 0.8 0.3 1 Index of Hin 14
Max 0.15662
Index X Value CH1 o Index of Max 4
X 0047550825514, E| Mean 0.0267345
STD Deviation 0.115756
0.091554663581...
2 0.4 0126474718748,
3 0.45 0.1438547755%14...
A nc NACEEINTINONTTA sl
Related Functions

Differential, Source, Channel Viewer

118



VISUAL SIGNAL EXPRESS GUIDE

4133 Math

Perform point to point math calculations for an input signal.

Interface Introduction

This module accepts input of Signal which could be a real number or complex number,

single channel or multi-channel, regularand audio.

To activate this module, click the “...” to the right of the field Expressions, or
double-click the Math component. The MultiChannel Expression Editor will then

pop upas shown below.

- Property

ncelnput
> Expressions
> Module

0: Moise

1 Expressions

Math

Input Signal List

% |+ = x = |ByChannel ~|l@x t fo
Expression | | - ‘r"q]
Input List Cutput Channels
[-[C1%1 loise) Channel  Expression
CH1 el

OQutput Signal List

() («][3]

3

[ OK ][ Cancel ][ Apply ]
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The pop-up window has three panels: Input Signal List, Toolbar, and output Signal
List. The operation procedure is as following select the signal from the Input Signal
List, define math equation in the Expression field of Toolbox, the calculated result
becomes one of the Output Channel in the Output Signal List. Below explains each of
the functions:

Input list

Input List displays the signals connected to the input end of the Math component. By
default, the input signal is multi-channel and each channel is displayed as a tree map
shown in the graph. The 1 input signal is denoted as X1 in the Expression of Toolbox,
the 2™ signal is denoted as X2, etc. The number in the square bracket represents the
channel sequence of the input signal. For example, X1[1] represents the 1% channel of
the 1™ input signal. In addition, X1[1] can be abbreviated as X.

 Netvork .
bRy

Projectl * |

I Math

\
yvyvvy

m

|| ToMulti

Math updated. Auto 0 O

o5l Multi-Channel Bpmsi_@@g

® |+ - x =+ |ByChannel ~|\@x t fn

Expression | | - 2

Input List Qutput Channels

EHCIEI (oise) Channel Expression
LOLOIEIN] CHD

: 7 (Sine) CH1 X

- [CEIn] cHY

EHCIE3 (Square)
i LJTEAM] fCHD B

[C]%4 (Trisngle)
- LJCIE4n] CHLD
=HC%5 (Custom Wave)
© L CIES[] CHL
EHTTE6 ((Noiss, Sine, Square, Custom)
L [T]Z6[1] (Moise_CHI)
[CIX62] (Sine_CH1)
~[CE6[3] Square_CHL)
[ 6] (Cugtom Wave_CHL)

Tree Map Display

%] [«][»]

4 n 3 ¢l 1 r

[ OK ][ Cancel ][ Apply ]
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a.  Double click a signal in the tree map. It will then be added to the Expression field.
b. If there is no calculation applied to the select input (output is the same as the input),

then press » button to move the signal to the Output List.

c.  When checking the checkboxes in the tree map, multi-channels can be selected for
complicated calculation. In addition, the signal code (such as X, X1[2]) and math

operations (such as +, -, ..., sin, log) can be typed ditectly in the Expression field.
Toolbox
® |+ = x = |ByChannel - | & /
Expression | | -« ‘g

The above image shows the Toolbox of the MultiChannel Expression Editor. The
Expression field is used for editing math equations.

clears all the output signals in the Output Channel panel

¥ add the math equation in the Expression field to the Output Channel list

jJ
replace the math equation in one of the output signal of the Output Channel list

with the equation in the Expression field

Other buttons in the Toolbox are explained below

Basic Operation Function Definition
+ Add plus operation to Expression field, “+” can be typed in
directly
Add minus operation to Expression Field, “-* can be typed in
) directly
% Add multiply operation to Expression Feld, “*”” can be typed
in directly
/ Add divide operation to Expression Field, “/” can be typed in
directly
Special Operation Function Definition

Set group operation type: By Channel or By Input.
By Channel: channel-by-channel calculation for selected
multichannels, the output isa single channel, suchas

2y Channe ” Y[1=X1 [ [+X1 R+ X2[ [+ X2 2.
By Channel By Input: input-by-input calculation for selected input signals,
By Input the output is multi-channel signal, such as
Y[1]=X1[1]+X2[1],
Y [2]=X1[2]+X2[2].
/4 Add 7 (pi) value to Expression field
t Add vector of time axis #to Expression field. It is
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corresponding to the time axis of the selected input signal

These two tools wotk as a group. The pull-down menu gives
the internal functions. After selecting the internal function,

i press o button to add selected function to the Expression
field. The function canalso be typed in directly, such as
sin(X1[1]), abs(X1[1])

Common internal functions are listed below

Function Description Function Description
abs Absolute value ceilin | Round to the nearest integer
g toward infinity
Round to the nearest
floor integer towards minus round | Round to the neatest integer
infinity
Sl Sine asin Inverse sine
cos Cosine acos Inverse cosine
tan Tangent atan Inverse tangent
sinh Hyperbolic sine cosh Hyperbolic cosine
tanh Hyperbolic tangent exp exp(x) equals *
log Natural logarithm logl0 Base 10 logarithm
jele pow(x, a) equals x ¢ sqgrt Squate toot
Signmum function. Returns 1
square Equals x? sign if greater than zero, 0 if equals

zero and -1 if less than zero

Rounds to the nearest

integer towards zero. If Complex conjugate. Fora
Truncat . .
o x<0, truncate(x) equals conj complexx, conj(x) =
ceiling(x). If x>=0, Re(x) — i x Im(x)
truncate(x) equals floor(x)
In addition, there exists “>7, “<”, “>=" “<=" “=="" and “1="" conditional signs. If

the condition is satisfied, retum 1. If the condition is not satisfied, return 0. There ate
examples below to show the usage.

Output Channels

Output Channels display all output channels and defined math equations in Expression.
The order of the channels in the output gives the sequence number of the signal. The
sequence number/order of the channel can be changed using the button to the fight of

the panel, moves up and moves down, while Ii deletes channels.

The name of the channel and the equation can be modified. Double click the channel
to modify the name; if the math equation needs to be modified, select the Express of
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the target channel, click the mouse left-button once (similar to double click, but with a
slower speed), then the Expression can be edited directly.

Example
Different calculation methods and functionality usages are shown below.

1. Create a noise and sine wave using Source—>Noise, Sine Wave. Connect
to Conversion—>Merge to Multi-Channel to make a multi-channel
signal. Then view the signals by connecting the ToMulti component to Viewer
—Channel Viewer. Change Multi-Channel Display in Channel
Viewer properties to List. This will cause each channel to be displayed
separately.

[ Network

=
& ! X

Project]l * ]

Math updated. Lutn o O

Property @
a Appearance s
BackColor [ ] White r
ViewerWidth defaunlt (750)
FiewerHeight default (180) £
ListCinder 0
RetamPlot False
a Channel
Channel Count 2
Multi-Channel Display List E
[+ Show value Channel ToMulti-CH1
> Fonts and Colors
- Grid
 Module =

Multi-Channel Display
Select a display method for mult-chanmnel.
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(Noise, Sine) - ToMulii
T T

2 L, II

0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

2. Do the same as step 1. However, change the Noise component and Sine
Wave component to Square Wave and Triangle Wave, respectively.

TNework T A =
" | X

Project]l * ]

m\-;“j Tobul o]y | Viewer 1]}

Viewei2 updated. Luta o O

(Square, Triangle) - ToMulti2
T T

0 01 02 0.3 04 0.5 06 07 08 09 1
Time [sec]

3. Connect ToMulti component and ToMulti2 component to Compute—
Mathematics—Math. Expand the + box before Expressions in the Math
Property Window and click Expression Editor at the end of the line to
open the interface.
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el m (L IR

Project] * |

811 Tobdult |y 1 Viewer [1] |

] Tebdulti2 Wy ] Viewerd (2]

bath npdated. Luta 0 o

a Math
Referencelnput 0: ToMult
eI 2 Expressions o]

Expressions

Enters mult-inputimulti-channel math expressions vsng a
specialized expresson editor.

4. In Multi-Channel Expression Editor, open the tree map in the Input List by
clicking the + sign in front of the signals. Please note that the default output signal
is the 1% input signal.
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|+ = x = | ByChannel |l t fn
I
Expression | | -«
| Input List Qutput Channels |
EHTJXL ((Hoise, Sine) - Tobulti) Channel Expression
H1[1] Modse CHL)
¥1[2] (Sine_CHI) CH1 HAM]
(iSyuare, Trisngle) - ToMulti’ CHz2 X102]
¥2[1] (Square_CHI)
H2[2] (Triangle_CHI1) @
« i b 4 1 b
[ QK ] [ Cancel ] [ Apply ]

5. In order to calculate the sum of channel 1 of X1 and channel 2 of X2 together,
select both channels and click the basic operator “+” in the toolbar at the top of
the window. The summation equation will then be added to the Expression field.
This equation “X1[1]+X2[2]” can be typed in the field directly as well.

% _.2 % = | By Channel |\ ¢ fn _
I
Expression |)(1 2] -« |
| InputL [issegiadditionsmbal, Output Channels 3
e Channel Expression
1[1] Mois= CHIY| 1
[IE1 (3] (3ine_CHI) CH1 X
CH2 X12] @
[ OK ][ Cancel ][ Apply
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6. Press " button to transfer the equation in the Expression field to the Output
Channels. Here CH3 is added.

ot Multi-Channel Expression Edit EI&M

% | + = x = |ByChannel ~|@& ¢ iIn

Expression | | -
| Inputbist QOutput Channels

SR 1 i e) - Tokults) Channel Expression

§ - [TJEL[1] Woise_CHIL)

DXI[Q] (Sine CHI) CH1 XA[1]

E!--DXQ ((Bquare, Triangle) - Tokdult] CHz X1[2]

. [C1E3[1] (Square_CHL) E CHZ  XI[+X212]

[T %2[2] (Triangle_CH1)

x](«[3]

4 1" 3 4 m 3

’ OK ][ Cancel H Apply ]

7. Next, the channel 2 of X1 multiplies the cortresponding time t, then adds channel 1
of X2. Add channel 2 to the Expression field by double clicking X1[2] under X1,
then click the basic operator in the Toolbox to complete the equation. The
equation “X1 [2]* t + X2[1]” can also be directly typed in the Expression field.

Expression [X1[2t+X2[1] | %

8. To get the absolute value of X1 [2]* t, edit the equation directly to “abs( X1 [2]* t )+
X2[1]7, or highlight the “X1[2]* t” part in Expression field, then select function
abs from the function list by pressing the fn button to complete the equation. All
internal functions can be added this way. Finally, click the “®* button to transfer
the equation to the Output List.

% |+ = x = |ByChannel - | ¢

Expression m-*)@[ﬂ -

&
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=-Main

® abs(CHANNEL ) CHANNEL |

--acos(CHANNEL):CHANMEL

n
abs Method
Syntax

- asin{CHANNEL) CHANNEL
... atan(CHANNEL)-CHANNEL

- ceiling{CHANNEL)-CHANNEL
.- conj{CHANNEL) CHANNEL

- cos(CHANNEL - CHANNEL

.- cosh(CHANNEL)- CHANNEL

- exp(CHANNEL - CHANNEL

.- floor(CHANNEL) CHANNEL

- log[CHANNEL )-CHANNEL

.- log10(CHANNEL)-CHANNEL
- round{CHANNEL) CHANNEL  |&
... pow{CHANNEL CHANNEL)-CHAI
- pow(CHANNEL double)-CHANNE
... pow(double, CHANNEL)-CHANNE

- sign{CHANNEL ) CHANNEL

- sin(CHANNEL):CHANNEL
sinh{CHANNEL ) CHANNEL

- sqrt(CHANNEL ). CHANNEL
square{CHANNEL):CHANNEL

- tan(CHANNEL).CHANNEL
tanh(CHANNEL):CHANNEL

--truncate{CHANNEL):CHANNEL
real(CHANNEL ) CHANMEL i

e \mag(CHAN NEL) CHANNEL

it s

public static CHANNEL abs (CHANNEL channel);
Parameters

channel

Type: CHANNEL

The input channel.

Return Value

Type: CHANNEL
Returns the channel containing the result of the computation.

Description

Computes the absolute values of each element in the input channel. If the input
ichannel is complex, the absolute magnitudes of the channel are computed.

Expression |abs{1[2]F)+X2[1]

| %

9. For the calculation of more than two input signals, such as CH1+CHI,
CH2+CH2, the “By Input” option can be used. The top level selections are input
signals instead of each channel under the signal. Once the signal is selected, all
channels under it will be selected automatically. As shown below, select input signal
X1 and X2, then select
calculation equations will then be added to the Expression field.

“By Input”,

By Input -

[ o5 Multi-Channel Expression Edito

h—x—:-

7l ¢ fn

and click basic operator “+”, the full

Expresaon |)(1 [+X2M]X[21+X2(2] | *
(| Input List Output Channels
o [ZIX1 (Qloiss, Sine - ToMul) || 2 [ channel Expression
|_| T ot _CHT)
[ 1 [7] (Rine CHIY CH1 X
J CH2 *1[2]
CH3 KIM+4212] @
E2[2] (Triangle CHl) CH4 KA[2J+K2M]
CHS abs (U1 [2+X2[1] E
] | 1 3 4 L] r
[ QK ] [ Cancel ] [ Apply ]
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10. Finally click “® button to transfer the equations to the Output Channels.

Expression |}(1 [R2MKA 212 [2] | * D

11. In Output Channels panel, there are 2 calculation channels added. There are both 2
channels in X1 and X2. If the channel counts are not same between each group,
Math uses the lesser number for the output. There should now be 8 channels if

the above steps were done correctly.

® |+ - x = |Bylhput x ¢ In

Expre&s|on| |-|- 2
|l Input List Output Channels

B.Kl ((Noize, Sine) - ToMulti) Channel Expression

© LJFIEL[] Moie_CHI)

[V (ine CHI) CHA1 ¥1M]

alm ((Squa.re, Triangle) - Tobulti CHz K12

2117 (Square CHI) E CH3  XIM}+X2[2)
XE[ZII (Trimnglz_CHI) CH4 WALRPHX2M]

CH5 abs 12+ X2[1]
CHB XAAX2[]
CHT K2X2[2]

5[] ()

4 1 2 4 m 2

[ OK ][ Cancel ][ Apply ]

12. To the right of the Output Channels, there are 3 buttons. They can be used to
move the output channel up and down, or to delete output channels. Once the
output channels are ready, press “OK” or “Apply” to complete. The Output
Channels can be displayed via Channel Viewer. Don’t forget to change
Multi-Channel Displayto List.
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oo P
BRE L]

Project] ¥ l

ad (1

Noise - ... - Math

30 T T T T 1 T T .

| | | 1 | | | | |
0 01 02 0.3 04 0.5 06 07 08 09 1
Time [sec]

‘6'27’

13. The Expression function can carty out calculations for “>7, “<”, “==" etc.
Create a Noise signal using Source—>Noise and set NoiseType to Brown,

Ampli tude to 10, then display the signal using Viewer—Channel Viewer.

Mo se
]D [ T T T N T T T T T (\,
L e
; r’”".lu _.bf/\-\l "‘1,“- ) hjﬁuulwmwr /..JM
n o . f-/“/ L} \y‘uw uﬂ‘wn/_
)7 ““\ P o
'

-0E ] r\W ] ] ] ] ] 1 ]

o] a1 02 C.3 0.4 05 06 0.y 08 o9 1

time { s2c )

14. Connect Noise component to Compute—Mathematics—>Math, and
display the output signal of Math with Channel Viewer.
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Metwork

ke N
Project] * l
\»i ] Mathi»'—.H I Viewerd [2]|

X e

Viewer2 updated . Auto o O

15. Replace the Noi se signal, where the amplitude is between 0 and 10, with a Sine

wave. The equation of the calculation is written in the Expression field.
X1[1]+A0*sin2*pi*10*t)-X1 [1])* (X1 [1]<10)*(X1[1]>0))

Expression |K'1 [F+{10*sin{2*pi* 10X A (A= 10P A [11=0)) | -«

16. Connect the Math component to the same viewer as the input Noise signal and
compare the curves.

Noise - Math

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1
Time [sec]

Related Functions

Channel Viewer, Mixer, Multiplier, Source, Merge To
Multi-Channel
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4134 Mixer

Mixer is used to mix several signals.

Introduction

Assume n groups of signals, X () (t), each group of which has different time axis t
and sampling frequency. The mixed Signal Z (t) is

Z(t)=a - XV(t)+b-XP(t)+c- (Z X (ti))

k=3

whete a, b, and ¢ are weights

In this module, because the time-axis of input signals are supposed to be different, the
minimum sampling frequency Freq,,;, of the input signals is extracted first, then all
other signals are re-sampled by Freq,,;,. After the time-axis of all input signals are
unified, the signals are added at evety time point. Notice that the weights from the 3
group of signalsare all equal to c.

Properties

This module accepts input of Signal (which could be a real number, single channel,
Regular) and Audio (which could be a real number, single channel, Regular). Multiple
signal input is also allowed.

Gainl, GainZ2 and GainN are the weights of the first, the second and the third
group of input signals, respectively. The difference between this module and Math is
that the Mixer can perform faster addition/subtraction computation, and also
petform addition/subtraction on signals with different length, while Math does not
have this type of functionality.

Property @
4 Mixer
Gainl 2

Cratnll 1
> Module

Gain2
The zain for input 2
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{Mixer} .
Sy N Property Definition Default Value
Gaini Set Fhe weight a for the first group a=1
of signals
Gain? Set the We%ght b for the second h=1
group of signals
GainN Set the weight ¢ for the signals c=1
from the 3" group
Example

This example below shows the procedure to mix a sine wave and a square wave with
different time axis.

1. Use Source—>Sine Wave to create a signal with a frequency of 5Hz, sampling
frequency of 1000Hz and duration of 1.5 seconds. Then create a square wave with
frequency of 10Hz, sampling frequency of 300 Hz, duration of 1.3 seconds, and
time starting point of 0.333 second. Next, use Viewer—>Channel Viewer to
obsetve the wave.

Metwork @
X

P Y=L

Project] # l

Viewer updated. Lt o O

=
|
|
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Sine properties are shown in the table below.

Property @
> Module
4 Somrce
Timne it seC
TimeLength 13
SamplingFreq 300
DataLength 301 :
SignalFreq 10 |
Lmplitude 1
AmplitodeOffst 0
Fhas 0
Samrmetor 0.5
0.333
TimeStart
Start time

Square properties are shown in the table below

Property @

> Module

a Source
TimeTTnit sec
TimeLength 1
SamplingFreq 1000
Datal ength 1001
SigralFreg 10
Amplitode 1
AmplitodeOffzet 1]
FPhase 1]
S 0.5
ime tart

TimeStart

Start time

(Sine, Square)

1
0 0.2 0.4 0.6 0.8 1 12 14 1.6
Time [sec]

2. Select PlotEditor inthe Plot Elem Editor inChannel Viewer. In
the popped-up Plot Element Setting Window, add " o | to the Sine curve, x|

to the Square cutve, and use the tool Zoom X to enlarge the overlapping point of
these two signals. It can be seen that the signal data-point distributions along the
X-axis (time-axis) are completely different. Settings of P1otEditor are givenas
follows.
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Display Channel Name Color Line Width Line Style Marker Style Draw Style
Sine:CH1 @ - - o - lne o~
Square:CH1 @ - N

[ Display Al ] [ Hide Al ] [ oK ] [ Cancel ] [ Apply

Zooming in on the result in Channel Viewer is shown below.

(Sine, Square)
1 T T T T T T T T T |

18 SEoo i 1 1 1 1 1 1 1
0.36 0.365 0.37 0.375 0.38 0.385 0.39 0.395 0.4
Time [sec]

3. Add these two signals to form a new signal. As shown below in the Network
Window, use Compute—>Mathematics—>Mixer to perform the signal
mixture. The first input to Mixer is Sine, the second input is Square and the
corresponding properties are Gainl and GainZ2, respectively. Both have a
default value of 1. Next, use Viewer—Channel Viewer to plot the mixer

wave.
 Network . =]
L RE x

Foject] * |

—)
3} DM [ Viewerd [2]]

Viewer2 updated. Ao o O
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Property @
1
1
1
 Module I
I
|
Mixer
(Sine, Square) - Mixer
2 [ T T T T T T T ]
0
_2 = 1 1 1 1 | | | 1 -
0 02 04 0.6 0.8 1 12 14 16

Time [sec]

4. Now, use Data Viewer to check the sampling frequency and duration of the
output signal from Mixer. The sampling frequency is 300 Hz. The signal starts at
0 second and ends at 1.63333 second.

The computation method in Mixer uses the duration of mixed input signal as the

total duration, selects the minimum sampling frequency from the input signals, and
adds all signals after they are multiplied by corresponding weights. Therefore, to
use Mixer, special attention must be paid to the sampling frequency of input and

output signals.

Metwork

IR )

Froject] # ]

od |

Fiewer2 updated. At o O
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ok
\) W m .I‘=' ®
I [Project1] Mixer
1 =F T T T T T T T 1] | Channel Information:
Histogram - Channel 1 |
80 T T T T
ol
40 B
2k 1 1 1 1 1 1 1 1 20k i
a 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
d lII } From: 0 Step: 1 N: 481 Channels: 1 0 1 1 I 1
-1 0 1 2
2 T T T T T T T T Spala
Sampling Freguen il
Data Count 491
Time Length 1.63333333333333356
Unit sec

4 Data Channel
Channel Count 1

[+ Channel Channel 1
Min -1.74314
Index of Min 158
Max 2
Index of Max 195
-1.83697019872... Mean 0.0408983
STD Deviation 1.11403
1 0.003333333333... 0.104525595534...
2 0.006666666665... 0.207910367624...
3 0.m 0.309016994374...
A nng 99 N ANETICEATATA ald

5. Notice that more than 3 groups of data can be mixed. However, for all data groups
which are higher than three, the weights will all be set as GainN. Therefore, it is
not encouraged to use one mixer to mix mote than 3 groups of data. It is
recommended to use a multi-layer mixer to achieve mixture of mote than 3 groups

of data. The figure below shows an example using this method to mix multiple
signals.

Projectl * |

% . [ Viewer2 [2]]

,.l i Miverz .I_».l i Viewerd B3|

iewer3 updated. Luto 0 o
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If you want to understand this function better, open Demo05 in C:\Progam
Files\AnCAD\Visual Signal\demo\Basic. This demo will show an example of a
project utilizing the Mixer function.

Related Functions

Channel Switch, Multiplier, Source

138



VISUAL SIGNAL EXPRESS GUIDE

5.1.3.5 Multiplier

This component multiplies multiple input signals.

Introduction

Mathematically, assume n groups of signal sources, X (n) (t) where time-axis t and
sampling frequency of evety signal are not necessatily to be identical. The mixed signal
Z(t) is

Z(ti) — X(l)(ti)X(Z)(ti)--'X(N) (ti)

In this module, because the time-axis of input signals ate supposed to be different, the
minimum sampling frequency, Freq,,;,, in all input signals is extracted first, and then
all other signals are re-sampled by Freq,,;,. After the time-axis of all input signals are
unified, the signals are multiplied at every time point.

Properties

This module accepts input of Signal (which could be a real number or complex
number, single channel, Regular) and Audio (which could be a real number or complex
number, single channel, Regular). Multiple signal input is also allowed. This module
does not require default values. It can perform multiplication on signals which have
different length and sampling frequency.

Example
This example shows the multiplication ofa sine wave and a trangular wave.

1. Use Source—>Sine Wave and Source—>Triangle Wave to genemte a
sine wave and a triangle wave. Change the SignalFreqg of the tdangle wave to
5 and use the Viewer—>Channel Viewer to obsetve the original wave.
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Metwark

'S SR

Project] * ]

ad |-

Vigwer updated. Lutn o O

Property @ l
» Module
a Sounrce
TimneTndt sec
TimeLength 1
SamplingFreq 1000
Datalength 1001
Amplitode 1
AmplitodeOffmt 0
Phiase 0
ety 05
Times tart 1]
SignalFreq

Specify the frequency of the generated signal.

(Sine, Triangle)

1 T T T T

1 1 1 1 1 1 1 1 1
0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
Time [sec]

2. Multiply these two signals using Compute—Mathematics—Multiplier.
The output signals are shown as below.
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Metwork

s ST

Project] * ]

ad |-

Viewer? updated. bt o O

(Sine, Triangle) - Multiplier

1 1 1 1 1
0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
Time [sec]

3. Like Mixer, the Multiplier function allows the sampling frequency and time
length of the two signals to be different. The sampling frequency of the output
signal is identical to the minimum sampling frequency in the input ones. On the
time axis, the ovedapping parts of the input signals are multiplied together while
the other partt is intact. Change the SamplingFreq of the triangular wave to
100, TimeLength to 2. Then, in the output signal, the signal frequency will
become 100 and the time length will become 2 seconds.
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Property @
> Module
a Source
TimneTndt sBC
2
S rFreq 100
Datalength 201
SignalFreg 5
Amplitode 1
AmplitodeOffat 0
Phas= 1]
Syimnmetry 0.5
Timedtart 0
SamplingFreq
Sampling freguency

(Sine, Triangle) - Multiplier
T T T

Time [sec]

Related Functions

Channel Switch, Mixer, Channel Viewer, Source
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5.1.3.6 Normalize

The signal data is divided by different normalization values.
Introduction

Let the signal source be X = {x,x4,*+,%,_1}, and its standard deviation be g. The

. . . . . . X X X
value, 0, is the normalization value. The normalized signal is Y = {—0, =2 .. "—1}
g (e g

Properties

This module accepts input of Signal (which could be a real number, single
channel/multi-channel, Regular) and Audio (which could be a real number, single
channel/multi-channel, Regulay).

The property, Normalization Type, in the Normalize component includes
6 types. Selecting the property absoluteMax will use the maximum value of the
signal to normalize. Selecting Custom will show another option,
CustomNormalizationValue, where you can specify the normalization value.
Select Integrate and the normalization value is the integral of the signal by the
trapezoidal rule. Select MaxRange and the normalization value is the maximum
subtracted by the minimum of the signal Select RootMeanSquare and the

normalization value is the following equation below

2 2 2
Xg+xg+ -+ x5

RMS =
N

where X = {x,xq,"**, Xy_1} is the source signal

Property @
> Module
4 Normalize
Removebean Trme
Nomalization Tpe StandardDeviation |Z|
absolutebdax
Custom

Eootteaniguare

Standard Deviation

NormalizationType

Select a Normalization type : absolutebdazs, Custom, Integrate,
MaxEange, RootheanSquare, Standard Deviation.
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{Normalize} —
Property Name Property Definition Default Value
RemoveMean | Setting to True removes the mean "

value of signal. Otherwise, False.

Normalization
Type

There are six normalization types
which consist of
absoluteMax, Custom,
Integrate,

MaxRange,
RootMeanSquare, and
StandardDeviation.

StandardDeviation

Variable Name

Variable Definition Default Value

CustomNormalizationValue

Specify the custom
normalization value

1

Example

Create a signal, which is shifted with y-axis, and enlarge the amplitude. Then, use the
Normalize component to remove the shift and normalization.

1. Create a sine wave using Source—Sine Wave, and change the property
Amplitude to4and AmplitudeOffset to2. Connecta viewer component

using Viewer—Channel Viewer and observe the graph.

Metwork

=

w BEE

Project] * ]

X

----------------- -
i
1
|

w [ Fiswer [1]

Viewer updated. | Luto o O
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Property @
> Module
a Source
TimeTnit seC
TimneLength 1
SamplingFreq 1000
DataLength 1001
SignalFreq 10
Lmplitode 4

TirmeStart 1]

AmplitadeOffset
The amplitude offset

1
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1
Time [sec]

2. Connect the signal to Compute—>Math—>Normalize and set RemoveMean
to True. Select absoluteMax from the NormalizationType field, and
connect a viewer component to obsetve the signal. The amplitude of signal is
normalized to mange [—1, 1].

Metwark IE\
X

EREe

Project] ¥ l

-

H 11 ermslize b | Viewes2 [2]

Tizwer2 updated. Luta o o
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Property @
> Module
4 Normalize

Removebean Time

Wonrmalization Type absoluteMax lz‘

NormalizationType

Select a Normalization type ; absoluteldax, Custom, Inte grate,
MaxRange, Eoottdeandquare, Standand Deviation.

Sine - Normalize
1 T T T T T T T T T

-1 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1
Time [sec]

Related Functions

Source, Channel Viewer
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51.3.7 Remove DC

Remove the signal direct current component, ie. remove the signal shift along the Y-
axis.

Introduction

Let the signal source be X = {xo,xl,--- ,xN_l} with X, ie. DC. Here after, X' =
{x,— %,x, — %+, xy_, — X} is said to be Remove DC.

Properties

This module accepts input of Signal (which could be a real number, single channel,
Regular) and Audio (which could be a real number, single channel, Regular).

The propetty is of DC type which includes four types of calculaion methods to
compute the shift along the Y-axis, where the default option is Mean. The detailed

meaning of these methods is given in the table below.

Property @
> Module
4 Remove DC
Channel Count 1]
Dz alue 1]
DnZ type
DFTZerothTerm
Trapezoid Inte gration
Userletting

DC type
Select a method to compute the DC value.

Iiii::::yveNDmi}e Property Definition Default Value
Channel Count | The input channel count 0

DC Value The input DC value 0
There ate four types of DC which
consist of Mean,

DC type DFTZerothTerm, Mean
TrapezoidIntegration,
and UserSet ting.
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{DC type} Property Definition
Variable Property
Mean To calculate the arithmetic average
After performing Fourier Transform on the
DFTZerothTerm original data, define X-axis as zero point which has

thevalue DC =2 = [ f(t)e tdt|
2 =e9 w=0

Divide the result of a Trapezoid Integration by the

TrapezoidIntegration . .
el e total number of points. The result is the DC.

UserSetting The users can set the desired shift value manually

Example

Create a sine wave which is shifted along Y-axis and then use RemoveDC to remove
the shift.

1. Create a sine wave using the Source— Sine Wave and then adjust the
AmplitudeOffset to 1.2 to shift the signal along the Y-axis in positive

ditection for 1.2 unit. Next, use the Viewer—Channel Viewer to obsetve.

Metwork \E‘
& ! X

Project] * ]

Tiewer updated. Luta O O
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Property @
> Module
a Source
TimneTndt sBC
TimeLlength 1
SamplingFrey 1000
Datalength 1001
SignalFreg 10

Amplitode 1

AmplitadeQffzet
The amplitude offsst
Sine
T T T T T T T T T
2 _ -
1 _
| | | 1 | | | | |
0 01 0.2 0.3 0.4 0.5 06 07 08 09 1
Time [sec]

2. Connect the ofiginal signal to Compute—Mathematics—>RemoveDC and
set the method as Mean in the property DCType. It can be seen that the shift is
removed.

Metwork @
X

bR

Frojectl * ]

mi. [ Fiewer f1])

+ 1l RermnoveDUC iy — i [ Viewer2 [2] |

ViewerZ updated. Louto o O
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Property @
DC
Chamnel Couwnt 1
D Falue 12
D twpe Mean
Module

Sine - RemoveDC

0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1
Time [sec]

3. The DC Type can also be changed, e.ge DFTZerothTerm. However, in this
example, the result would be identical.

Sine_RemoveDC

|
0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 08 1
time (sec)

4. Connect the signal to Compute—Transform—Fourier Transform to
perform Fourier Transform. Without the RemoveDC in Fourier Transform, it can
be seen that the amplitude at 0Hz is 2 times of 1.2.
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Viewer? updated. Luin o O

Property @

a FFT
RemoweDC
Min True
Max

Resolution T
Window Hone
> Modunle

F
o

RemoveDC
Eemove DC component

2.4 Sine-FFT

=

o 1 ] I I I

Li] 5 10 15 20 25 a0
frequency( Hz)

For horizontal shifting along time axis, please reference
TimeShift module.

Related Functions

Source, Fourier Transform, TimeShift

the

Channel —
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41338 RMS

Root Mean Squate (abbreviated RMS or rms), is a statistical measure of the magnitude
of avatying quantity or a measurement of energy of an input signal.

Introduction

A signal can be expressed as X = {x,, %y, **, Xy_1}, and the RMS is given by the

formula below

(2 +x2+ -+ x3,)

x =
RMS N
Properties
Property @
a Integrate
R oot o]
FemovelIC False
StartP osition start
EndPosition end
Tirme Window 0.1
WindoweTnit Second
TimeOverlap 0.05
» Moduale
4 Yibration Level
Te EME
Method
Select an dnte gration method.
Integrate ..
{ grate } Property Definition Default Value
Property Name
Set the method for the numerical
Method integral to either Trapezoidal Trapezoidal
or Simpson.
Choose whether to remove the
RemoveDC W True
DC or not.
StartPosition Entfa'rs the Valufa of the start The omglpal statt ime of
position of the input data the input data
. Enters the value of the end of the | The original end time of
EndPosition . .
input data the input data
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Timellindow Sejt the Va'lue to decide the 0.1
window size rolling time.
Windowlni t Set the unit as second or sample, second
of the window and overlap.
Set the time overdap while rolling,
TimeOverlap | Note: time ovedap must be less 0.05
than time window
{Vibration Level} "
Propetty Name Property Definition Default Value
Specify the vibration level by
Type using RMS, Peak, or RMS
PeaktoPeak
Variable Name Property Definition
RMS The average energy of the input signal within an interval
[T . The Peak value of a sine wave is about \/7 times the RMS
value.
PeaktoPeak The PeaktoPeak value of a sine wave is about 2.8 (2xPeak)
times the RMS value.
Example

Open the file chirp1000.tfa in C:\Program Files\ AnCAD\ Visual Signal \demo Basic
and observe the differences between each vibration level.

1. Open chipl000.tfa in C:\Program Files\AnCAD\Visual Signal\demo\Basic
using Source—> Open Data. Then, connect chripl000 component to a

Viewer—Channel Viewer.

Metwork

£ L

Froject]l * l

od -]

ViewerZ updated. Loutn o O
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chirp1000
T

0 0.2 0.4 0.6 0.8 1 12 14 1.6 18 2
Time [sec]

2. Connect the chripl000 component to Compute—Mathematics—RMS. Use
all the default propetties of RMS component. Now, the RMS component will show
a warning sign. The details of the message can be seen by moving the mouse
cursor close the waming sign.

FRctwork

£ !
Projectl * l
\,,; I RME ;,l_..g S Vieweid 3]

Warning: The window overlap setting has resulted in a
remainder of 1 points at the end of the series
not included in the rolling calculation.

TiewerZ updated . Luto o O

=
X

Property N W W]
4 Integrate
Iethod Trapezoidal
RemoveDIC Falze
StartPosition start {0)
End Position end (2)
Time Pind ow 01
Windoew Tt Second
TimeCrverlap 0.05
> Module
4 Yihration Level
. Tape RMS E|
i
Tvpe
Specify the wibration level, tncluding RIS, Peak and Peak
o Peak.
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chirp1000 - RMS
T

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8
Time [sec]

3. Set the Type of Vibration Level to Peak. The amplitude is about V2
times the value before setting RMS to Peak.

E=SET 1 =
a Integrate
Method Trapezoidal
RemoveDC Falsze
SartPosthion start {00}
EndPosttion end (2)
Time Window 01
WindowTnit Second
TimeOwverlap 005
- Module
|| 4 Vibratiom Level 1
| EC— =
Type
Specify the wibration level, ineluding RS, Peak and Peak
1o Peal.

chirp1000 - RMS
T

4. Follow step 3, but instead set Peak to Peak toPeak. The amplitude is about 2

times the Peak value.

0.8

1
Time [sec]

12
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a Integrate
Fethod Trapezoidal
RemoveDC False
StartPosthon staxt {0)
EndPosition end (2)
TimeWindow 01
Tl 1] oo T it Second
TimeOverlap 0.05

> Module

4 Yihration Level

Type PeaktoFeak

Type

Specify the vibration level, meluding EME, Peak and Peak
o Peal.

chirp1000 - RMS
T

22F T T T T T T T T -

21 —

1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 12 14 1.6 18
Time [sec]

5. Let’s create three RMS components and set the Type of Vibration Level
propetty to RMS, Peak, and PeaktoPeak respectively. Connect all RMS
components to the same Channel Viewer. The differences will then become
more apparent.

vV

U Viewerd [2]

Viewer updated. Luto o O
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chirp1000 - ... - PeaktoPeak

— RM3:CH1
— Peak:CH1
—— PeaktoPeak:CH1

Related Functions

Channel Viewer

1
0.6 0.8 1 1.2 14 1.6
Time [sec]
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414 TmeFrequency Analysis (TFA)
This module provides calculation of time-frequency analysis.

4141 Short Temm Fourier Transform

Shott-Term Fourier Transtorm (STFT) is a mathematical transform related to Fourier
Transform, which is used to calculate the instantaneous frequency, amplitude and
phase of signals.

Introduction

Use continuous-time function as an example, a function could multiply a time window
function which is not zero, perform one-dimensional Fourier Transform, and then
shift this window function along the time axis to get a series of Fourier Transform
results which can be arranged to form a two-dimensional result. Mathematically, such
an operation could be writtenas

STFT[x(t)] = X(r,w) = ]mx(t)w(t — e wtqt

Where w(t — ) is the window function, x(t) is the signal to be transformed.
Essentially, X (t, ) is a complex function obtained by performing Fourier Transform
onx(t)w(t — 1), which represents the amplitude and phase of the input signal in
time and frequency space.

Properties
This module accepts input of Signal (which could be a real number, single channel,

Regular) and Audio (which could be a real number, single channel, Regular). The
output format is complex and signal-channel spectra data.

Pr @
[
a STFT
Freqhowis LinearA iz
FreqMin 1]
Fraghax anto (500)
FreqResolution anto {25)
FreqCount 256
TimeCount 2048
RemoveDC True
Window Gamnss
Module
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Property Name

Property Definition

Default Value

FregAxis

The frequency axis could be
LinearAxis (Linear measurement)
or LogAxis (Logatithmic
measurement). LogAxis are
mostly used in audio analysis

LinearAxis

FreqMin;,
FregMax

To define the frequency boundary
for frequency plotting

0; 0.5*(Sample
Frequency)

FreqResolution

To define the range of the
window function. It would affect
the size of the window function.

The smaller this value, the smaller
the window function

(Sample Frequency) /40

FreqCount

The number of discrete lattice in
frequency

256

TimeCount

The number of disctete lattice in
time

2048

RemoveDC

Use to choose whether to remove
the DC or not befotre STFT

Ttue

Window

To select a different window
function in STFT. For the
definitions of window functions,
please reference to Foutier
Transform

Gaussian

Example

In the example below, use a Chirp signal as input, and then use Visual Signal to
perform time-frequency analysis. It can be seen that a frequency which vaties linearly

with time.

1. Press the ¥ in the Netwotk tools, or use Source—Import data from file
to read a signal file, chirpl000.tfa, in the installation directoty (the default directory
is C:\Program Files\ AnCAD\Visual Signal \ data)
Note: File locations will be different depending on platform (x86 or x64) or the
installation path you selected.
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Organize =

MNew folder

g= -

0 @

3¢ Favorites
. Desktop
& Downloads
“El Recent Places

-l Libraries
@ Documents

J’ Music

=] Pictures

-

MName

11 111 tfa
= 111t

Contributing artists 4 %

| ] chirpl000.tfa

| chirpl0000.tfa
|| Fish Heartbeat.tfa
m hello.wav

1] mwultitfa

Y] smiletfa

¥ videos 1] testl.ta
|| test?.tfa
1] test3.tfa

1] test3_MaM.tfa
- 1| |

#d Homegroup

il Computer L4

File name: chirpl000.tfa ~ | Al Support Files (*vsb;* et uf |

Comn 1 |

Cancel ]

2. Click on the Chirp_1000 component, whose Properties show that the number of
channels (Channel Count)is 1 and the Sampling Frequency is 1000Hz.

Next, use Viewer—Channel Viewer to plot this signal. It can be seen that
the signal frequency increases with the time increasing.

MMetwork
"ol =]k

Projectl * |

chirpl000 | | Tizwer [1] |

Viewer updated.

@ Auo 00
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=
FileName C:\Program Files\AnCADY
Chanmel Cownt 1
Sampling Frequency | 1000
Diata Length 2001
SartWalue 0
it SBC
TimeFormat Regular
Dratallndt
» Module
Data

chirp1000

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Time [sec]

Select Compute—TFA—Short Term Fourier Transform to perform
STFT on this signal and use Viewer—Time Frequency Viewer to plot the
result. Observing the time-frequency diagram, it can be seen that the signal
frequency varies lineally with time. From the result, the frequency at a given time
point is available.

ad |1

TF ¥iewer updated.

] Lo OO
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chirp1000 - STFT

1
0.5
12 1.4 16 18 2
]

4. If the propetties of TimeCount or FregCount are changed, STFT would
recalculate based on the re-set numbers of gtids. Therefore, the result resolution
and computation time would be affected. Change the TimeCount to 50, it can

be seen that the computation runs faster while the resolution result becomes worse.

500

400

w
o
o

Frequency [Hz]
S
o

100

0
0 0.2 0.4 0.6 0.8 1

Time [sec

Property @
» Module
a STFT
Fre & iz Linearh iz
Freqhin 1]
Freqhiax anto (500}
FreqFemlntion anto (25)
Freq Comm 256
I 50|
Trme
Wl inderw Ganss

TimeCount
The number of displaged points 1o toe axds.
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chirp1000 - STFT

500

400

w
o
o

Frequency [Hz]
S
o

100

Time [sec]

5. If the propetties of FregMin or FregMax are changed, STFT would still
calculate in the original frequency range. However, it will only output the result in
the range defined by the properties and would not affect the computation time.
Changing the FregMax to 50 will not decrease the computation time.

Property @
> Module
a STFT

Freq bz LinearAxis

FreqResmlution anto (2.5)

FreqCount 256
TimeComnt 50

EemaoveDiC
Tindow

FreqMax

The masdmum frequency of the short-term Fourier
travsform.
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chirp1000 - STFT

0.2
_ 0.15
N
=
>
o
c
(5 0.1
=}
o
2
[T
0.05

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Time [sec]

Related Functions
Fourier Transform
Reference

A Wavelet Tour of Signal Processing (2™ Edition)
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415 Transform
This module provides Foutier transforms for signal processing

4.1.5.1 Fourier Transform and Inverse Fourier Transform

Foutler Transform converts a time signal to a frequency signal for checking the
frequency and amplitude distribution in the signal. The frequency signal could be
converted back to time signal by Inverse Fourier Transform. This method is widely
used in communication, voice signal, systemanalysis, and other scientific fields.

Introduction

TetX = {xo,xl,xz,--- ,xN_l}be a N-length time signal, X, be the n" signal, 0 <
n < N — 1, the disctete Foutier Transform of Signal X is defined asa N-length series,

1N—l )
.ol
F(xk)zﬁz x,e N, 0<k<N-1

n=0

The Inverse Foutier Transform is defined as follows,

< iz—nkn
xn=NZXkeN ) 0<k<N-1
k=0

Properties

This module accepts input of Signal (which could be a real number, single channel or
multi-channel, Regular) and Audio (which could be a real number, single channel or
multi-channel, Regular). The definition of properties and corresponding setting are
given below.

Property @
a FFT
RemoveDC True
Min 1]
Bax anto (0)
Resolution 1
Windoow Hone
> Module
Module

165



VISUAL SIGNAL EXPRESS GUIDE

The property of RemoveDC is used to remove the average of the signal. The
propetties of Min and Max define the frequency range of FFI. The Property of
Resolution is used to duplicate the signal to double the single length, k, of Fourier
Transform, for better spectrum resolution. In the Window properties, there are 6
common window functions which can be used to smooth discrete signal and therefore
remedy the numerical error caused by boundaty effects.

Property Name

Property Definition

Default Value

RemoveDC

To remove the shift along the y-
axis, making the signal average zero

True

Min

To set the lower frequency
boundaty of the Fourier
Transform

Max

To set the upper frequency
boundaty of the Fourier
Transform, which vaties based on
the input signal

auto

Resolution

To adjust the Fourier Transform
resolution. The approach is to
multiply the input data point with
the Resolution for increasing the
transform resolution, then use
Cherp Z Transform to obtain high-
resolution Fourier Transform

Window

Use window function to reduce the
leakage effect on the transform.
The window functions include 6
types: Badett, Blackman, Flat Top,
Hanning, Hamming, and Gauss,
whose definitions are given below.

none

Window Function

Window
Function

Barlett

Definition and Diagram

Barlett

ot

Fd

0<n<

[-AL]

N-1

(=N

N-1
TSnSN—l

otherwise
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BlaCkman L i i 1 i 1 i 1 1 1
[-] (il r] [ 12 [-Ti ] (Wi} (] (R 3 014 [T (il ]}
1—-a 1 ( 2n )_I_a ( 41 )
——cos n)+—=-cos n
whl=y 2 277 \W-1/"2""\W-1/,0sn=N-1
0, otherwise
FlalTop
[ S -
FlatTop
[}
-] I:I.é'.'l ﬂ.é'-l O.::IG III.IHH I:II.1 ﬂ.:lx III.:H ﬂ.:llﬁ- ﬂ.:lﬁ
win] =§1— 1.93 cos (Nz’inl)+ 1.29¢cos (;"_"1) —0.388 cos (Né’inl)+ 0.032 cos(%)'(]sﬂ N1
0, otherwise
tl-unni'ug
Hanning . ; i i i . ; . .
-] T2 uds (-1 ] iNiE] iR} /8 [IRE] (/K1Y .18
mn
0.5 — 0.5 cos , 0<n<N-1
wln] = 1
0, otherwise
Hamming
Hamming " ] ] ! ] ! ! ; ! !
[-] (i W) [ [-Ti ] iliE ] (] (K3 (i RE] [N 018
0.53836— 0.46164 (2”") 0<n<N-1
. — 0. coS , <n<N -
wln] = N -1
0, otherwise
Gauss |
Gauss
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The properties of Inverse Fourier Transform ate given as follows.

Property @
a IFFT
Fesolution 1
» Moduole

The property of Inverse Foutier Transform is Resolution, which has identical meaning
as that in Foutier Transform. The number of signals in Inverse Fourier Transform
would be twice as many as the Resolution value.

Example

This example uses the Mixer function to generate a combined signal of two sine waves,
and then perform Fourier Transformations to the new signal.

1. In the Network Window, use Source—>Sine to create a sine wave. In the

Properties window, change the Name filed to Sine, freq=10. The default value of
Signal frequency is 10 Hz. Change TimeLength field to 0.9 sec.

MNetwork @
& ! x

Projectl ¥ l

Sine updated. Ao o O
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Property @
> Module
4 Source

Amplitude

1
AmplitndeOffzet 0
Phase 1]
Timeitart 1]

TimeLength
Time length in unit

2. Create another sine wave and set the Signal Frequency to 3, and
TimeLength to 0.9 second. Add Compute—Mathematics—Mixer to

combine these two signals and use View—Channel Viewer to plot the
output.

Network @
X

2 BE

Project] * l

m\}::i | Mixer ipl_»i 1 Viewer [1]1

Viewer updated. Luta O O
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Property @
> Module
a Sonrce
Tive Tndt B
TimeLength 09
SamplingFreq 1000
901
3
Amplitode 1
AmplitodeCffz=t 1]
Phease 1]
Timeftaut 1]
SignalFreq

Specify the frequency of the generated siznal.

(Sine, Sine, Freq = 3) - Mixer
T

2 T T T

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time [sec]

3. On the Mixer component, select Compute -~ Transform — Fourier
Transform to perform FFT and then use Channel Viewer to plot the
spectrum in the left window.

MNetwork @
X

'S SRR

Project] ¥ l

m\';i F Mi:-neri;}—»i I Viswer [1] |

E-/ JEIRT o Vet

Viewer? updated. butn O O
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0.5

(Sine, Sine, Freq = 3) - Mixer - FFT
T T T

50 100 150 200 250 300 350 400 450 500
Frequency [Hz]

Because most frequencies are less than 20Hz and the default x-max is 500 in the
propetties of Viewer, set this field to 30 for better observation.

0.5

(Sine, Sine, Freq = 3) - Mixer - FFT
T T T

5 10 15 20 25 30
Frequency [Hz]

In the spectrum diagram generated by FFI, frequency components mainly
concentrate at 10Hz and 3 Hz However, the magnitude around 3Hz is
underestimated due to the low frequency. This could be enhanced by changing the
tesolution. Click on the FFT icon, change the Propetties /Resolution to 5 to obtain
a new result.

It is shown that the spectrum around 3 Hz has been improved significantly after
changing the resolution. Note that increasing the resolution would fresult in
multiplication of output data length in FFT. In this example, the input data length
15 901 and the output length of FFT is 451 when the resolutionis 1. After changing
the resolution to 5, the output length would increase 5 times to 2255.

(Sine, Sine, Freq = 3) - Mixer - FFT
T

0 1 1 1 1 1

0 5 10 15 20 25
Frequency [Hz]

Change the FFT resolution back to 1, right click the FFT icon to select Compute
— Transform—Inverse Fourier Transform then use Channel
Viewer to view the result. The result is the same as the original signal.
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2
0 -~
-2 1 1 1 1 1 1 1 ]
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Time [sec]

Network A

pREE L

Projectl * |

Bl sy e

g

| Viewer? updated. Luto o O

(Sine, Sine, Freq = 3) - Mixer - FFT - IFFT

Related Functions

ShortTerm Fourier Transform

Reference

http://enwikipedia.org/wiki/Fourier transform

0.9
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4.2 Format Conversion of Signal Flow Object
421 ConvertfromSpectra

Convert Spectta data to single/multi-channel time series or single /multi-channel

frequency distribution

Introduction

signal.

We can extract one row orall rows from the Spectra, which is the amplitude time series
ata fixed frequency. We can also extract one column or all columns from the Spectra,
which is the frequency distributionat a fixed time point.

Properties

This module accepts spectra with real, complex, single channel, or multi-channel data.

Property @
a Convert From Spectra:
Extractiontode SingleRow
Row 1]
> Module
Convert From Spectra
{Convert From
Spectra} Property Definition Default Value
Property Name
Extract Row or Column, options:
MultiChannelRows,
ExtractionMode | MultiChannelColumns, SingleRow
SingleRow,and
SingleColumn
Row Set which row to extract. 0
Column Set which column to extract. 0
Example

1. Use Source—>Sine Wave to create an input signal and connect the signal to
Compute—TFA—>ShortTerm Fourier Transform Use all the default

property settings.
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STFT updated.

AmplitodeOffazt
Thaswe
SignalFreq
Specify the frequency of the generated sznal.

2. Connect STFT component to Conversion—Convert from Spectra
and set Row to 50 in the Convert from Spectra properties, then display the
50" row data using Channel Viewer.
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Metwaork E‘
1*—' Fl Iﬂ?. ﬂ_-] IE X
Project] * l
Force Update &,

m—»g S STET i;}—.yi I TF Viswer 1] |

/L FromSpecira h—p» | Viewes 2]

b
Viewer updated. V| Lt o O

Sine - STFT

500

400

300

200

Frequency [Hz]

100

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time [sec]

Sine - STFT - FromSpectra

1 T T T T T T T T T

08 b

0.6

1 1 1 1 1 1 1 1 1
0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09
Time [sec]

3. In Convert from Spectra properties, set ExtractionMode to
SingleColumn and set Column to 100. Show the frequency distribution of
the 100" column using Channel Viewer.
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Sine - STFT - From$Spectra
T

1 C T T T T T T T T

051

0 50 100 150 200 250 300 350 400 450
Frequency [Hz]

Related Functions

ShortTerm Fourier Transform

500
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422 Map to Real

This function convetts a Complex Signal to a Specific Real Signal.

Introduction
Let X(© = {xéC),xY),___,xl(vczl} and Y (© = {yéd,yl(c),---,y,ff_)l} be the real part

and the imaginary part of a complex signal, respectively; whete ¢ represents the ¢t
channel. The output signal Z (©) can be used to calculate real signals. There are 6 types

as shown below.
© _ ©)? O\ io _ 4.0
Z; —\[(x}. ) +(yj ) e’ = Ae'

Magnitude: A

Phase: 6

Real Part: x ;C)

Imaginaty Part: yj(c)

Gain: 20 X log,, ( ), Gain,.r is the Gain reference

Gaing.qr
Power Spectrum: A?
Properties

This module accepts input of Signal (which could be a complex number, single channel
or multi-channel, Regular or Indexed), Audio (which could be a complex number,
single channel or multi-channel, Regular), Numeric (which could be a complex number,
single channel or multi-channel, Regular or Indexed) and Spectra (which could be a
complex number, single channel or multi-channel, Regular). The output format is
identical to the input signal except that it is a real number.

The property Map Method is how to convert the complex function, with a default
value of Real Part, i.e., the real part of the input signal. Imaginaty Part represents the
imaginaty part, Magnitude is the absolute value of the complex signal, Phase denotes
the phase, Gain is used to set Gain Reference for Power Gain calculation, and Power
Spectrum is the power of Magnitude.
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Property

Magnitude

Map to Real

{Map to Real}
Property Name

Property Definition

Default Value

MapMe thod

Select the signal type which the
complex signal should be
convetted to. The method options
are Magnitude, Phase,
RealPart, ImagPart, Gain,
and Powe rspectrum

Magni tude

Unwrap phase

Set True if phase is to be
unwapped. Only appear in
Phase method

False

GainReference

Set the gain reference. Only appear
in Ga in method

Example

Map to real two sine waves with the sampling frequency of 1000Hz, length of 1 second

and amplitude of 1 that are used as input signals.

1. In the Network Window, use Source—Sine Wave to create a sine wave
and perform a Fourier Transform using Compute—Transform—>Fourier
Transform. Then, use Compute—> Transform—>Map To Real to
choose which kind of conversions of a complex signal to use and use Viewer—

Channel Viewer to plot the result.
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MNetwork

'S !

Projectl * l

ad -]

Viewer updated. Luto o O
Sine -FFT - ToReal
1F T T T T T T T T T ]
05 8
0 | | | 1 | | | | |
0 30 100 150 200 250 300 330 400 450
Frequency [Hz]

between them.

Sine - FFT - ToReal (Phase)

Change Map Method to each of the methods, and observe

300

the differences

I I
300 350

I
450

I
400

1 1 1 1

0 50 100 150 200 250 500

Frequency [Hz]
Sine - FFT - ToReal (Real Part)
003 L T T T T T T T T T ]
U | | | 1 | | | | |

0 50 100 150 200 250 300 350 400 450 500

Frequency [Hz]
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Sine -FFT - ToReal (Imag Part)
T

[] T T T T T
05 ]
1k 1 1 1 1 1 1 1 1 1 T
0 50 100 150 200 250 300 350 400 450 500
Frequency [Hz]
Sine - FFT - ToReal (Gain)
[] _rgl T T T T T T T T ]
-300 —
| | | 1 | | | | |
0 50 100 150 200 250 300 350 400 450 500
Frequency [Hz]
Sine - FFT - ToReal (Power Spectrum)
1 - T T T T T T T T T -
05 9
[] | | | 1 | | | | |
0 50 100 150 200 250 300 350 400 450 500
Frequency [Hz]
Related Functions

Source, Channel Viewer
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423 Merge to Multi-Channel

This component merges several single-channel signals intoa multi-channel signal.
Introduction

Letx; be a signal whose time-axis is J, y;, to be a signal whose time-axis is k, then the
merged signals z,,, is

Zyn = [ X Y

{m = j, Reference Input = x

where

m = k,Reference Input =y

m represents the signal ime-axis. If the Reference Input is set to X, the time-axis
of the output signal Z is identical to the one in Xx. ie.m = j, and the time-axis of y
would be replaced by the time-axis of x. Note that this module replaces the

coordinates of the time-axis and morte attention is needed for the length of input
signals.

Properties

This module accepts input of Signal (which could be a real number or complex
number, single channel, Regular or Indexed), Audio (which could be a real number or
complex number, single channel, Regular), Numeric (which could be a real number or
complex number, single channel, Regular or Indexed).

In this module, Reference Input selects an input signal used as reference of the
number of channels and time-axis of the output signal. The default value is 0 which
means that the output teferences the 1% input signal. The time-axis settings of other
input signals would be copied directly from the 1% signal. The principle of copying
time-axis setting is that the time points of missing data are filled with 0 and time points
of exceeding the time reference are discarded.

In order to avoid the operation confusion, it is recommended to use signals with
identical settings, such as SamplingFreq, time starting point, and Time Length.
Definitions and default values of properties ate given below.
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Property

4 iMerge To Mult-Channel

Referencelnput

> Module

0: Sine

EnableCverlapCapability  False

Merge To Multi-Channel

Property

4 iMerge To Multi-Channel

> Module

Referencelnput 0: Sine
EnableCrerlapCap False

Merge To Mulh-Channel

{Merge To Multi-Channel}
Property Name

Property Definition

Default Value

Referencelnput

To set the reference signal,
its time axis is used as the
time axis of the output
signal

The 1% input signal

EnableOverlapCapability

Specify True to use AND
or OR functions, or False
not to use them. False uses
the time axis of
Referencelnput for output
and ignores different
startTime in the inputs.

False

Example

This module accepts Regular, Indexed input signals. The examples show the operation
of input signals with identical and different time-axis settings.

1. Use Source— Sine Wave to generate a Sine Wave and use Source—>
Triangle Wave to generate a triangular signal. Change the SamplingFreq
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of Trangle to 333, TimeStart to (.33, and TimeLength to 4 seconds. Finally,
link these two signals to Viewer—Channel Viewer to plot figures.

Network F 3 |

Viewer npdated. Luto o O

Property  i— =
» Module
4 Somrce
TimeTnit sBC
TimeLength 4
SamplingFreq 333
DataLength 1333
BignalFreq 10
Amplitude 1
Lomplitd eOffaat 1]

0.33|

TimeS taxt
Start time

TN

0

(Sine, Triangle)

=

1 1 1 1 1
1.3 2 25 3 35 4
Time [sec]
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2. Connect these two signals to Conversion—>Merge to Multi-Channel
and use Channel Viewer to plot figures.

Tevor E =

BREY x
Project] * |

Viewer2 updated. Luto o O

Property  — =
4 Merge To Multi-Channel
Referencelnput 0: Sine

AND E

Merge Type

Select a merge twpe: AND, OF. "AND" uzes the intersection of all
inputs’ thie axes ag output time axiz; "OR" uses the wuion of all fnputs...

(Sine, Triangle) - ToMulti
T T T

1 T T T T T

1 1 1 1 1 1 1 1 1 1 1 1 1
0.33 04 0.45 0.3 0.535 0.6 0.63 0.7 0.75 0.8 0.83 0.9 0.95
Time [sec]
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Click on the ToMulti. Because its Referencelnput is set as Sine, the time-axis

setting of the output is identical to those in the Sine Wave, i.e,, the time starting point is
0, sampling frequency is 1000Hz, time length is 1 second, and the number of data
point is 10001. The contents of Sine are copied to the CH1 in the ToMulti

completely.

For the input signal of Triangle, the original time axis would be replaced by the time-
axis of Sine. The number of data point in Sine is 1001 while it is 1333 in Trangle. This
module would place the first 1001 data points of Triangle to the CH2 in the output
signal and delete all other.

3. Change the ReferenceInput to 1:'Trangle, the time-axis setting of the output
is identical to those in Trangle. Because there are 1333 data points in Trangle
while there are only 1001 data points in Sine, the CHI of the output signal is filled
with 0 in the corresponding points which have no data in Sine.

Property @
4 Merge To Multi-Channel
Referencelnput 1: Triangle lz‘
MergeTvpe AND
» Moduole
I Referencelnput
Select from connected inputs to be the merging reference.
|E— |

(Sine, Triangle) - ToMulti
1 T T T T

-1 1 1 1 1
0.4 0.5 0.6 0.7 0.8 0.9
Time [sec]

4. Next, read in a set of signals in Indexed format. First, create a simple data set as
shown in the figure below, wherte the 1% column is time and the 2™ column is data.
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ViMoo o oo
T

W o o=k 00 00 W1 P =
- - - Y By S

5. Next, press # in the Network tools or use Source—>Open Data from file to
read in this data file, TestData.txt. In Text Importer, check Specify Time
Column and then press the confirm button.

Data Range

Rows: | 1 % o BMd T coumnz: | 1 T weEd 3

Data direction: | Column-based |+
[#] Specify Time Column |1 A

6. Not only does ToMulti accept signals in formats of Regular and Indexed, it also
accept input signal of mixed Regular and Indexed Dmg TestData to
ToMulti and change the ReferencelInput to 2:TestData, the orginal
Regular format in the time-axis of Sine and Trangle signals is replaced by the
time-axis of TestData. This is cleater when obsetving the output of Channel

Viewer

45 5 55

Related Functions

Noise, Sine, Channel Viewer
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424 Convertto Audio

This component changes the type of signal data from Signal to Audio.

Introduction

The output data format of Convert to Audio follows the Microsoft Wave Format.
The Microsoft Wave Format contains 3 data blocks: RIFF, FMT, and DATA. The
details are given as follows.

RIFF: defines the file format, file size and other information. The format is WAVE.

FMT: contains the related propetties of audio signal such as code type, sampling
frequency, number of audio channels, byte rate etc.

DATA: The original data which contains audio information.

Properties

Acceptable input data sources ate: real, single channel or multi-channel, Regular signal
or audio signal. Note that this component only accepts double channels for mult-

channel. The output format is real, single channel or double channel, Regular audio
signal. Available propetties are Sample rate and Bits per sample.

Property @

4 Convert To Audio
Auto Bample Rate  False
44100 Hz E

Mew Total Time 0.453514739229025 zec
Bits Per Sample 16 bps

> Module

Sample Rate

Set the smpling frequency of the audio dats. The original data iz not altered .

Property Name Property Definition Default Value
Auto Sample | When set to ttue, the sample rate True
Rate will be set automatically.
The number of sampling points in
every second. It affects the
resolution of voice frequency. The
Sample Rate | ' iable options are 10002000, #4100
4000, 8000, 11025, 22050,
44100,48000, and 96000Hz.
New Total | If the sample rate is changed, the None
Time new total time will be changed to
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the correct time corresponding to
the new sample rate.

Define the value of every saved
data which could affect the

Bits P
; a;p 1 gr resolution of sound intensity. The 16
available options ate 8, 16, 24, and
32 bps.
Example

Convett the signal data file “Chirp1000.tfa” to audio signal using the Convert To
Audio function.

1. Press % in the Netwotk tools, or use Source—Import data from File

to read the signal file, chirpl000.tfa, in the data folder of installation directory
which  has a default locaton C:\Progam  Files\AnCAD\Visual
Signal \demo '\ Basic.

Note: File locations will be different depending on platform (x86 or x64) or the
installation path you selected.

IS M
+ Import Data - - @
-
@Uv‘ .« AnCAD » Visual Signal » demo » Basic - “yl | Search Basic ol
Organize »  New folder =~ 0 @
¢ Favorites Name ‘ Date modified Type md
=
Bl Desktop |_| 100.atr 2013/10/9 T4 0L:.. ATRFile
4 Downloads |_| 100.dat 2013/10/9 F501:.. DAT File L
5| Recent Places |1 100.hea 2013/10/9 F5 01:... HEAFile T
[#] 111 2013/10/9 5 01:...  VisualSignal TFA
- Libraries £ 11 2013/10/9 T4 01:... Text Document [
[ Documents || chirpl000 2013/10/9 5 0L:... VisualSignal TFA
,—JT Music | chirpl0000 2013/10/9 T4 0Li.. VisualSignal TFA
Pict 2 A0/8 F= 01 Vis A
[ Pictures |*] Fish Hea Type: Visualsignal TFA 13/10/9 : 01 VisualSignal TFA
B Videos 1] helle Size: 351 KB [13/10/9 T+ 01:.. Wave Sound
L = multi Date modified: 2013/10/9 F5F 01:32 }13/10/9 T5 01:... VisualSignal TFA
1% Computer || rl.sac 2013/10/9 T5 01:.. SACFile
& Local Disk (C:) ] r2sac 2013/10/9 F5 01:..  SAC File -
— Data (D) - [ | C
File name:  chirp10000 - [ AU Support Files -
[ Open H [ Cancel |
Metwork

=

Project] * I

Data updated.

[@] Ao OO
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In Propetties, it shows that the signal has the SamplingFrequency of 10000, the
DataLength of 20001 and the Unit is seconds.

Property \E‘
CAProgram FilesVinCADY
Channel Cownt 1
Sampling Frequency | 10000
Diata Length 20001
EartValue 0
Tt sBC
Time Formuat Eegular
Diatallnit
> Modnle
Data

In addition, open the Module type in the Propetties, where the OutputDataType
shows the signal format and type of this module output. Since the
OutputDataType is Real Single-Channel Signal of Rank-1(Regular) Data, the data
type of Chirpl0000 is a signal. Refer to the introduction of Propetties in Chapter one
for more details.

Property @
StartValue 0 -
it sec
TimeFormat Regular
DiatalTmdt

4 Module
Claz DataSource
Neane chirp10000 L
OutputPortSide  Right 1
Execute Time 0 sec
Output Data Type RGN Si.ngle—Cf Rank-1 (Re;
Ouiput Data Type
Displays the output data type.

2. From Chirpl0000 component, select Conversion—Convert To Audio
directly.
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Metwork

EREma )

Project] * l

ad -1

Tobudio updated.

In Properties, it can be seen that the Sample Rate = 441000Hz and Bits Per
Sample =16 bps. These two properties can be changed in the drop-down menu.

Property @
4 Convert To Audio
Auto Zample Rate  False
Sample Rate 44100 H= |Z|
Hew Total Time 0.453514739229025 zec
Bits Per Sample 16 bps
> Module
Sample Rate

Set the mmpling frequency of the audio dats. The original data iz not altered.

Then check Module in Properties and check to see if the OutputDataType has

been changed to Audio.

Property

=

JUETIT ToAudio
Input Port Side Left
Cutput Poxt Bide Right

s

Execute Time

0.0140008 sec

Aecceptable Data Tvy Real Single/Multiple-Channel Signal of Ba

Module

Outpnt Dt Type | Real Single-cmmf Rank-1 (Rez

-

3. Connect Viewer—Channel Viewer to the ToAudio component, the
tool at the top right of the Viewer could be used to play this audio signal.
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Metwark

1{' E{flﬂ"lg;] !

Projectl # l

_—-} 5l Tohudioly—»»|[H Viswer [1]]
Wiewer updated. | Auto o O

ad -1

chirp10000 - ToAudio -« I

1 T T

1 | |
0 0.05 01 0.15 02 0.25 0.3 0.35 04 0.45
Time [sec]

Related Functions

Channel Viewer

References

Microsoft Wave Format:
https: //ccrma.stanford.edu/courses /422 / projects / Wave Format

191


https://ccrma.stanford.edu/courses/422/projects/WaveFormat/

VISUAL SIGNAL EXPRESS GUIDE

425 Convertto Regular

This function changes the time-axis setting of a signal from Indexed data to Regular
data.

Introduction

When reading text files such as .txt and .csv etc. with Import data from file, if a row
or a column in the data contains time-axis coordinates, it is tecommended to use the
Specify Time column/row inthe Text Importer. As such, the data format is
martked as Indexed and the sampling periods are assumed to be different. However,
most modules require the signal format to be Regular. This module can be used to
convert Indexed signals to Regular signals.

In Indexed format, it is assumed that the data points on time-axis are discrete and the
intervals are uneven. Therefore, there exists a corresponding time coordinate for evety

data point. Let the input signal be xW = {xél),xil),--- , xz(vl—)1} and the signal time-

axis is defined as,

1) _ [ (D (1)
TW = {to b ""'tN—l}
Convert to Regular performs re-sampling on the signal above to convert the
time-axis of Indexed signal into Regular which is discrete and equidistant.

(0)

DA xAt®, 1<j<M-1

(0 _
tj =t

Where tj(o) is the time-axis after Convert to Regular processing, At (0 is the

output sampling period, Mis the number of the output data points. The output signal
X s obtained by the formula below.

x(© — {xSO) x© . O }

A A

Two types of calculations, FillGap and RemoveGap, can be used to convert Indexed
data to Regular data. The details are given below.

FillGap:

FillGap can preserve the signal time characteristics and add values at the locations
where the time intervals are too large. In calculation, it can detect the minimum sample

petiod, Atr(nli)n,
signals, At©® = Atfnli)n. The re-sampling methods are the same as the ones in the

Resample component with 7 methods. Users can also set sampling peiod manually.

in the input signals, and then use it to perform re-sampling on the
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However some constraints may apply. For consistency of input and output signals, the
sampling petiod At must be less than or equal to 1.5 times of At The

min *
computation logics of re-sampling are briefly introduced as follows.

it — W s 15x% Min(At(O) ), the following methods are used to calculate the

i+1 i
(1 (D

filling data, xj(o)’ between X; and Xjp1-

Fix: Use fixed value as filling-value
Prev: Use value of the preceding point as filling-value.
Next: Use value of the subsequent point as filling-value.

Linear Interpolation: Use the preceding and subsequent points to
perform Linear Interpolation.

Spline Interpolation: Use Spline to fill values.

Monotonic Cubic Spline: This is a e-degree interpolation with
damping, It has better performance than Spline in the case of processing a
signal witha large slope like square waves because it can avoid large vibrations.

No Fill: Noadditional value isadded, NaN.
e
signal of xj(-i)l would be output directly to the corresponding position, X © in the

- ti(l) > 1.5 X Min(At(O) ), the value which is corresponding to the input

output signal.

RemoveFillGap:

(1)

W of the input signal, uses the starting time t,,

RemoveGap discards the time-axis T

and the minimum sampling period Atgili)n to re-calculate the time-axis T(® of the
output signal, and replaces the time-axis T @ with T ©,
The formula for T(? is

£ =t? +jxat®,  1<j<N-1

Therefore, the output signal from RemoveGap has the same number of data points as
the input signal. However, uneven intervals in the input signal are changed to even
intervals.
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Properties

This module accepts input of Signal (which could be a real number or complex
number, single channel or multi-channel, Indexed). The outputs are Regular signals
which are real or complex, single channel or multiple channels.

Property @
4 Convert To Regular
Converthfethod FillGap
Filltethod LinearInterpolation
Bampling Perind 0.001999999999999974
Tnit sec

True

Module

Property of AutoDetect provides the option to set the Sampling Period of
the output signal manually. If it is set as True, this module would detect the minimum
sampling period of the input signals automatically and use it as the Sampling Period. If
AutoDetect is set as False, user can set the Sampling Pefiod manually. Because a large
sampling pefiod would cause discrepancies between the output signal and the orginal
one, the manual setting of the Sampling pefiod must be less than 1.5 times of the
sampling period obtained by AutoDetect.

Propetty of ConvertMethod allows users to select FillGap or RemoveGap to calculate
the time-axis of the input signal. If FillGap is selected, a new property of FillMethod is
provided for value-filling methods, which are explained below.

Property Name Property Definition Default Value
FillGap: Use to conduct signal re-
sampling by value filling
Convert Remov§ Gafp :hDire.c t.ly (ihanggael t}{}g FillGa
Method time-axis of the original signal. Use p

the time starting point and the
Sampling pefiod to re-arrange data

time

When ConvertMethod = FillGap,
different data-filling methods can
FillMethod | be selected. LinearInterpolation
FixedValue: Use Null Value as the
fixed filling data
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PrevValue: Previous value
NextValue: Next Value
LinearInterpolation: Linear
interpolation

Splinelnterpolation: Use Spline
Curve to calculate the difference
Monotonic Cubic: This is a 3-
degree interpolation with damping.
It has better performance than
Spline in case of processing signal
with large slope like square wave.
NoFill: The value in this location is
Null. No value is added.

To show or set the sampling
period, At O of the output signal.
When AutoDetect is set to True, it
shows the minimum sampling

Sampling period detected of the input
Period signals, ie. At© = Atr(nli)n

When AudioDetect is set to False,

besides showing Atfnli)n it can also

At = Min(At™W)

be used to set the sampling period

To show or set the sampling time
unit of output signal.

When AutoDetect is set to True,
show the signal time unit detected.
When AutoDetect is set to False,
besides showing the signal time
unit, set the signal time unit by
using Sampling Period together.

Unit Based on input signals

Determine whether to detect
AutoDetect | Sampling Period and  Unit True
automatically

If ConvertMethod is set as FillGap
and FillMethod set as FixedValue,
this property would be provided to
set the fixed value for data-filling

NullValue

Example
Read a set of signal data that is in the Indexed format.

1. TFirst, generate one set of simple data as shown below, where the first column is
time while the second column is data.
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nunsoeoeoa

i
L I P - - S R
= OV TR

2. Then, press the +in the Network tools or use Source—Open Data to read
the signal file, TestData.txt. Check the Specify Time Column in Text

Importer and then press OK.

_

|
Data Range

Rows: | 1 E” To |end E" Cnlumn5:| 1 E” To |end E”
Data Direction: |Column-based - [[] Concatenate to one channel
| Specify Time Axis |

Field Format

@ AnyWhitespace () Delimiter | v| Complex

© FixedFied [} ][] [-—————- 1 |

Handle Nul-\Values

Handle Nul-Values | Linear Interp -

Time Coordinate

Time Unit: [ sec - Tmeshit [0 | [sec
Sample Freq: 1000 [cycles/zec] Down-zample by:
Handle Repeat Time Coordinates

Drate Axiz
Auto Start Date/Time: |zuu1m1m1 vl | 0f | ;| [E | ;| e |
[ Enabie
File Contents.

1] 10 20 30 40 S0 -
001: 0.011.01
0o02: 0.112.0]
003: 0.213.01
004: 0.3/4.0]
005: 0.515.01
00&: 0.816.01
007: 1.317.01
00g: 2.11&8.01
009: 3.419.01
010: 5.5110.01 S
Clamam ] r

[ mpot || cancet |

4 Data coordinate format will be "Indexed” (non-regularly
i spaced). Since many computational components only accept
data with "Regular” (regularly spaced) format, please use
the "Convert to Regular” compeonent to convert your data
before computation.
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3. After reading the signal, use Viewer—Channel Viewer to plot figures. And
select the TestData component to verfy the OutputDataType in
Propetties/Module. It can be seen that the time-axis format is Indexed.

MNetwork @
bR <

Project] * ]

|§|j TestDiats. Ep—»i | Viewer [1]1

Viewer updated. Lo o O

Property @
a Data
FileName C:Allsers\slipa‘\Docnmentsy
Channel Comnt 1
Sampling Frequency |10
Data Length 10
StartValue 1]
Tnit seC
TimeFormat
DratalTnit
» Moduole
TimeFormat
Time Format
TestData
lO [ T T T T T T T T T T
5 - -
1 1 1 1 1 1 1 1 1 1
0 0.5 1 1.5 2 25 3 35 4 4.5 5 55
Time [sec]

4. Connect ToRegular to the TestData component to convert the signal into
an evenly sampled data. Then use Channel Viewer to plot the result. In the
Propetties of ToRegular, it shows that the default method is RemoveGap.
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The Sampling Period detects the minimum sample period and this value is
used for re-sampling. Therefore, the Sampling Periodis(.1 second and the
total time length is 0.1 X9 = 0.9 second.

MNetwork @
X

© !

Project] * ]

{1 Viswer2 [2]

____________________

Viewer2 npdated. Lo o o

Property @

2 iConvert To Regular
Convertiethod FillGap
Fillkdethod LinearInterpolation
Sampling Period 0.0999999999999990°78
TTnit sBC
AutnDetect Trme

 Module

Convert To Eepgunlar

TestData - ToRegular

10

1 1 1 1 1 1 1
0 0.5 1 15 2 25 3 35 4 4.5 5
Time [sec]

5. Change the ConvertMethod in ToRegular to FillGap, the FillMethod
to Monotonic Cubic. The output result is shown as below. It shows that the
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FillGap presetves the time-axis definition of the ofiginal signal and the signal time-
axis is changed to even interval of anapproximate 0.1 second sampling frequency.

Property @
4 Convert To Regualax
Converthdethod FillGap
FillMethnd MonotonicCuabic
Bampling Perind 0.0999999999999990°78
it BC
AutnDetect Tme 1
i Moduole
FillMethod
Felect a filling noll value method. Note that "NoFill"
method will result dn dncomplete data that's wiewable but ...

TestData - ToRegular
10 C T T T T T T T T T T

1 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5 4 45 5
Time [sec]

6. ToReguar allows the users to fine tune the signal sampling frequency. First, set
AutoDetect to False, and then change the SamplingPeriod to 0.149.
Drag the output result to Viewer|[1]and compare with the original signal. The black
curve is the original signal and the blue curve with " x| is the ToRegular
signal. It shows that the signal with the larger sampling frequency is distorted.

Metworlk @
& | ! x

Project] * ]

Viewer updated. Luto O O
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Property

4 Convert To Regular
Converthethod FillGap
Fillk{ethaod MonotonicCabic
Sampling Perind 0.149|
it £ 14
AutoDetect Falsze

> Module

|| Sampling Period

determined from the tuput data.

Specify the sampling period. Defanlt iz antometically

(testData, testData - ToRegular)
T T

10 F T T T T T

0 0.3 1 1.3 2 2.5 3 35
Time [sec]

7. Next, try to change the Sampling Periodto (0.15. Anerror message will pop
up saying that entering a value which is bigger than 1.5 times of the minimum

sampling frequency of the input signal is not allowed.

MNetwork

RE

Project] * l

=
X

\ o

T ToReMg.Z»g Ve ]

Error: The sample period of 1.5sec is too large and
may result in less data points than the criginal data or
inaccurate conversion!

Viewer npdated .

7] Ao Oo

Related Functions

Convert to Audio, Fill Null Value, Resample
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426 Change X Axis Unit

After reading in the signal data, the time unit of the data usually needs to be changed.
In this case, Change X-Axis Unit can be used to convert time directly. In addition to
time unit conversion, this module can also convert the spectrum-axis, i.e. the X-axis,
from frequency to petiod.

Properties

This module accepts input of Signal (which could be a real number or complex
number, single channel or multi-channel, Regular) and Audio (which could be a real
number or complex number, single channel or multi-channel, Regular). The output
formats ate real, complex, single channel/multiple channel Regular signal and audio
signal. If the property of Convert to period is changed to True, the format of output
signal would be changed from Regular to Indexed, because the data in x-axis are not
separated with equal interval anymore.

Propetty of Abscissa Unit shows the unit of x-axis to be converted to. The
default is in second. Changing the Abscissa Unit can trigger the unit conversion
on x-axis for the input data. The explanation of the unit is given in the table below.

Property @

Input Time it Hz
Absrisss it Hz
Convert o perind False

Module
Property Name Property Definition Default Value
When the unit of x-axis is
Convert to | frequency, this option can convett
) . . False
period the unit of frequency to the unit of

period on the x-axis

ps Picosecond 107" second

ns Nanosecond 10”7 second

us Microsecond 10 second
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ms Millisecond 107 second
sec Second 1 second
min Minute 60 seconds
hour Hour 60 minutes
day Day 24 houts
week Week 7 days
month Month 30 days
year year 365 days
Property Name Property Definition
THz Terahertz
Cydles per 10" second
Gigahettz
GH
‘ Cydles per10” second
Megahettz
MH
‘ Cycles per10° second
Kilohertz
KH
‘ Cycles per 10~ second
Hertz
H
z Cycles per second
Cycles per min Cycles per minute
Cycles per hour Cycles per hour
Cycles per day Cycles per day
Cycles per week Cycles per week
Cycles per month Cydles per month
Cycles per year Cycles per year
Example

1. Seclect Source—>Sine Wave to create a sine wave with default signal frequency

of 10Hz, sampling frequency of 1000Hz, and length of 1 second. Then change the
TimeUnit to minute, SamplingFreq to 10000, Signal Freq to 600 for

obtaining a signal whose x-axis unit is in minute and signal frequency is 10Hz.

Connect the signal to Compute—Transform—Fourier Transform to

perform an FFT calculation, and then connect the Viewer to show the cutve,
where the x-axis is in frequency and the unit is in cycles per minute.
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Network @
" i ! «

Project] * l

m—»i I FFT ;.}_..i S Viewer [1]]

Viewerd updated.

@] Auo OO

Property

> Module
4 Source

TimeTnit
TimeL ength

SamplingFreq
Datal.ength
BignalFreq

10000
1001
600

Amplitode
AmplitodeOffzet
Phise

Timedtart

00 0 -

TimeLength
Time length in unit

Sine - FFT

1F T T T T T T T T T

0.5 .

0 1 1 1 1 1 1 1

0 500 1000 1500 2000 2500 3000 3500
Frequency [cycles/min]

4000 4500

5000

From the result, the frequency is 600 cycles per minute and not in Hz Connect
Change X Axis Unit to the output of FFT. Change the
Properties/Abscissa unit and use Channel Viewer to show the result.
Now the x-axis has changed to Hz and the values on x-axis has also changed to second
automatically.
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MNetwork

ol BRE

Projectl * l

m—»; I FFT ;,}_..i i Viewer [1] ‘

H 1) K AxisUnit ) —wp{ ) Viewer2 [2] |

ad -]

Viewer2 updated. Luto O O

Property @
a EAxislTnit
Input Time Unit cyclesfmin
Abscizsa it Hz

Convert to period False

Module
Sine - FFT - XAxisUnit
1F T T T T T T T T ]
0.5 .
O 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80

Frequency [Hz]

2. In addition, the Convert to petiod can be set to True. This converts the x-axis
from frequency to petiod, as shown in the figure below. The x-axis is converted to
Time and the unit is in seconds, i.e. the period corresponding to Hz.
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Property @
> Module
4 XAwizlTnit
Input Time ndt cvclesfmin
Abaizsa Tmt E1

Convert to period E

Convert to period
Convert to period Lz

Sine - FFT - XAxisUnit

1F T T T T T T T T T T T

05 .

0 1 1 1 1 1 1 1 1 1 1 1
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 55 6
Period [sec]

The time-frequency analysis module (TFA) is not able to pass the result to Change X
Axis Unit for frequency unit modification directly, since the frequency is located on the
y-axis for the time-frequency diagram. However, the conversion can be achieved by
changing the unit of x-axis first and then performing time-frequency analysis.

3. Connect Change X axis Unit to the Sine component, change the
Properties/Abscissa unit to msec, use Compute — TFA —
ShortTerm Fourier Transform to perform time-frequency analysis, and
then use Viewer—Time-Frequency Viewer to plot the result. It shows
that the y-axis, i.e. the frequency axis, has been changed to KHz, i.e. 1/msec.
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Frequency [kHz]

Network @
"] b X

Froject] * ]

»i[2 FFT i)}—b)i I Viewer [1] §|

b Bhsislnit i,}_»g B Viewerd [3] ‘

) ] Chocislnit2 g.}_»i I STFT i»}—»i 1 TF Viswer [3] ‘

TF Viewer updated. V| Auta o O

Property @
» Moduale

& HAwisUnit
Tnput Time Uit min

L it

Abscissa Unit
Cowvert to Time Unat

Sine - XAxisUnit2 - STFT
0.08

0.06

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Time [ms]

Related Functions

Import Data from File, Viewer, Fourier Transform
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4.3 Source Of Signal Flow Object
431 OpenData
Open a file that is to be used in Visual Signal.

Properties

There ate two methods to open a data file. The first method is to click on the 4
Import data from file button and select the file you want to load into Visual Signal.
The second method is to fight mouse click the Network Window and the Network
Window menu will pop up. From the menu, select Source—Open Data to sclect
a file to be loaded into Visual Signal.

Network IE‘ UEEE IE‘
w1 x|[RomE [ x
Projectl l Project] ]

Import data from file i

Compute 3
Conversion 3
Source * ||§ OpenData..
ey ' CustomWave
.
Writer » DAQ o
Cut Ctrl+X Moise
Copy Ctrl+C Sine Wave
Paste Ctrl+V Square Wave

V| Auto

O O Delete Del Triangle Wave

] I

Supported File Types

Using either of above two methods, a browser window is opened for displaying all
supported files. If you click on the file type drop down menu, a list of supported file
types will be shown. The supported file types include: .txt, .csv, .tfa, .wav, .mp3 and
special file types like .eeg for EEG file and .tfa for Visual Signal. When you open a .tfa
file, the lines which begin with “#” contain information about the detailed aspects of
the data and other lines are data signals. So a .tfa file not only has signals, but also has
metadata information.
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r
. Import Data — - - X
W| 1. » Licenses - | 3 | | Search Licenses R |

iy
‘ Organize v New folder =~ 0 @
S Favorites MName Date modified Type
B Desktop Mo items match your search.
4 Downloads

P
‘i Recent Places

m

- Libraries
@ Documents
Jﬁ Music
[E5] Pictures
B videos

Ll Computer
£, Local Disk (C:)
= Data (D) sl 11 | b

File name:

op
Visual Signal Binary Files (*.vsh)

Plain Text Files (*.txdt)

Uff Files (*.uff)

TFA Files (*.tfa)

C5V Files (*.csv)

EEG Files (*.eeq)

Audio Files (".wav;".mp3;*.aac;".ac3;".mpd;".mda;".amr".ape . wma)
ADLink DAT Files (*.dat)

All (%)
# ChannelCount: 1
F Datalangth: 1001 The Information about the time
# SeampleFreq: 1000
i TimelUnit: =ec coordinate of the Signal
¥ TimeFormat: Regular
# StarcTime: 0
0 =1.8369T0Ze=16 _J
0.001 0.0827905195
The time 0.002 0.125333234 = The signal
coordinate 0.003 0.187381315 1
0.004 0.248659887
0.005 0.309016994
0.006 0.368124553
0.007 0.425779292
0.008 0.481753674
0.009 0.535826795
0.01 0.587785252

When opening any other types of files such as .csv and .txt, the Text Importer will
open.

4311 Text Importer

Opening .csv and .txt file types will open a Text Importer. The Text Importer is a
complicated importer that allows you to specify options for importing .csv and .txt files.
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-

oS! TextImporter =TEEAl X
Data Range
Rows: 1 =| To |end = Columns: 1 =| To |end =
Data Direction: | Column-based - Concatenate to one channel
Specify Time Axis 1 |=
Field Format
@ Any Whitezpace Delimiter Complex
Fixed Field [10-1[--—————-
Handle Nul-Values
| Handle Nul-Values | Linear Interp -
Time Coordinate
Time Unit: BEC - Time Shift: 0 [zec]
Sample Freq: 1000 [cycles/sec] Down-sample by: | 1 %
Handle Repeat Time Coordinates | Sample -
Date Axis.
| Auto 2001/01/01 0} e
Enable
File Contents.
i} 10 20 30 40 50 -
00l: 1274
002: 1335
1 1294
04: 1265
: 1318
: 1359
1340
1378
1410
: 1401 kv
[l F
Import Cancel
The fields in Data Range ate explained in the table below.
Property Name Property Definition Default Value
Rows Enter the range of rows to be read. 1 to End
Enter the range of columns to be
Columns e 1 to End
read
Determine the way to read the
Data Direction | data, either row based or column Column-based
based
Concatenate to Determine if the data is to be
displayed in one channel or Unchecked
one channel .
multiple channels (uncheck)
Determines if the ime information
already exists in the signal data.
Check to select the column
Specify Time | representing the time information. Unchecked
(Note: After checking the box the
data will be displayed in the Index
format).
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In Field Format there are three options to select: Any Whitespace, Delimiter and
Fixed Field. User can select the Any Whitespace option to separate each data by the
white spaced character (most .txt files go by this method). User can select the
Delimiter option and choose from the drop down menu to separate each data either
by “)” character or the TAB character. User can select the Fixed Field option to
customize how the data is to be read. The ““|” character allows one character to be read
from each row to form a channel, “[ ] character allows two characters to be read from
each row to form a channel and “[-]” character allows three characters to be read from
each row to form a channel. To read more than three characters into a channel, just
add one ““” into “[-]” which becomes “|—|” to read four characters into a channel.

Another option is a check-box for complex data if the data being imported is of
complex type. Checking the complex box will have the importer merge the data to a
complex type. There needs to be at least two columns for the complex data, one is the
real part of the complex, while the other is the imaginaty part of the complex.

Example

If “ | [] [I ” was entered in the Fixed field to read from a row with the numbers
“123456789”, then “1” is included in the first channel, “2345” is included in the
second channel, “67” is included in the third channel, “8”” and “9” are disregarded.

NULL Value Handle option allows user to choose a method to fill in missing values
such as NULL or NaN. Currently methods are Fixed value, Prev value, Next value,
Linear Interp, Spline Interp and MonotonicCubic (TIPS: For more information on
filling in missing values, please look up on Resample in Chapter3.1.7).

In the Time Coordinates ficld, there are a few options that can be selected. The
propetty of Time Coordinates are listed below

Property Name Property Definition Default Value

Select the time unit from
picosecond, nanosecond,
Time Unit microsecond, millisecond, sec, min, sec
hour, day, week, month (30
days) ,and year (365 days)

Time Shift Set the starting time of the data 0
Sample
Frequency Set the Sample Frequency 1000

Set the Down-Sample rate. With
evety increment of the value, the
sample data is reduced to save time
during calculation. Unchecked
Note: The Sampling Frequency
value will be automatically
recalculated depending on the

Down-sample
by
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down-sample value. E.g Sampling
Frequency=1000 with Down-

sample=2 will result in creating an
impotted Source component with

Sampling Frequency=500

Handle': Repeat Sets how to handle repeating time
Time . Sample
. coordinates.
Coordinates
Examples

1. Import a Multi-Channel Signal Data

Load a multi-channel signal data file. The data is separated by white space character
and there are three groups of data (one column is one channel.)

' Ny

Data Range

Rows: 1 = To |end = Columns: 1 = To |end =

Data Direction: |Column-based - [] Concatenate te one channel

[[] Specify TimeAxis | 1 |
Field Format
@ AnyWhitespace () Delimiter |, [] Complex

() Fixed Field ([T = [e—— ]

Handle Nul-\Values

Handle Nul-\Values | Linear Interp -

Time Coordinate
Time Unit: seC - Time Shift: 0 [zec]

Sample Freq: 1000 [cycles/zec] Down-sample by: 1 B

Handle Repeat Time Coordinates.

Date Axis
Auto Start
[] Enable

File Contents
i} 10 20 30 40 50 -

001: 0.096(-0.31(1-0.082] 4
onz2: -0.0831-0.968(0.815]
003: -0.262|0.16810.516&]
: 0.156|0.946|-0.86]
2: 0.216(0.109|-0.621
: -0.322|-0.968|0.458]

7. -0.3221-0.1910.339¢|
002: 0.096|0.826(-0.3811|
00%9: 0.336(0.048|-0.262]

010: 0.0371-0.72910.4561
4 | 1 | r

meE: |2001/01/01 0k 015 0Fs

[ Import J[ Cancel
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1. Click on ;:.Import data from file button in the Network Window Toolbar or
open it from right mouse clicking on the Network Window to open up the
Network Window menu and select Source—>Open Data.

The Text Importer will pop up when you have selected the text file to impott
(Assume the multi-channel text file was selected as desctibe above). If you want to
impott all three data columns then leave the Column option as 1 to end.

Note: Set the Column option as 2 to 2, if you only want to import the second data
column.

Data Range

o

Rows: | 1 :| to |E""d :| Coumne: | 1 % to |'3"'d -

Data drection: | Column-bazed ] concatenate to ane channel

[ Specify Time Column |

2. Because the imported data does not contain any time information, the Time Unit
will be set to sec and Sample Freq set as 1000.

Time Coordinate

Time Unit: s8C - Time Shift: 0 [zec]
Sample Freg: 1000 [cycles/zec) Down-sample by: 1 =
Handle Repeat Time Coordinates

Date Axis

LIE 2001/01/01 0 0 0E
[ Enable

3. Click on the Import button to impott the data

testData

200 | T T T T T T T T H

-200 - -

| | 1 | |

0 2 4 6 8 10 12 14 16
Time [sec]

2. Import a data file which has time information and some missing data values.

This example demonstrates how to import a data file which has time information
included but contains some missing data values.
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Data Range
N Rows: | 2 li” To |end E" Culumns:| 1 Ii" To |end li” i
Data Direction: [7] Concatenate to one channel
[] Specify Time Axis

Field Format
@ Any Whitespace () Delimiter |, [[] complex
() Fixed Field i ]

Handle Nul-\Values

Handle Nul-Values | Linear Interp -

Time Coordinate

Time Un: Time Shift. 0 [sec]
Sample Freq: 1000 [cycles/zec] Down-zample by:
Handle Repeat Time Coordinates

Date Axis
[ Auto Start Date/Mime: 20010101 | | O <[ op] <[ 0B
[] Enable
File Contents
o 10 20 0 40 50«
0olL: =
002: al 1.89564] u
003: 0.001] 1.98258|
004: 0.002| 1.96087]
005: 0.003] 1.93061|
006: 0.004] 1.89194]
007: 0.005] 1.24502]
00g: 0.008| 1.79006]
00: 0.007| Half|
010: 0.008| 1.65702]
011: 0.009] 1.57953|
n12: 0.01] 1.49517]
013: 0.011] NaN|
M1d- n 2l 1 And=3nl .
4 L 3

1. The data to be imported has to first be understood. You can see that there is NaN
(missing data value) in 009 and 013 of the CHI1 column. The first column is the
X_Value (time) and the second column is the CH1 data value. Text Importer will
be configured to import this data properly into Visual Signal.

File Contents

i 10 20 30 40 504
00l: 3
002: 0l 1.99564] |
003: 0.001] 1.98258]
004: 0.002| 1.960871
00s: 0.003] 1.93061]
006: 0.004] 1.89194]
007: 0.005] 1.845021
008: 0.006] 1.79006]
009: 0.007] Wall|
010z 0.008| 1.657021
011: 0.009] 1.57953] Null Value
n12: 0.01] 1.49517]
013: 0.011] Nal|
n1d- n n121 1 And=2ani E
L T b
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2. The first tow in the data contains the titles for the two columns. So in the Rows
option under Data Range, the Rows should begin from 2 (the second row is
where the data values begin). Because the data contains time information, check
the Specify Time Column option under Data Range and select 1 (first column
of the data is the time information).

Data Range

A

Rows: 2 || To |end = Columns: 1 = To |end

Data Direction: | Column-based -

| Specify Timedxis | 1 |- I

3. The Field Format does not need to be edited because the data is separated by
Any Whitespace (which is the default selection). Check Use NULL Value
Handle option under NULL Value Handle and select Linear Interp calculation
from the drop down menu to fill in the NaN values (missing value).

Mull v alue Handle
ge Mull Walue Handle | Linesr Interp w

Fixed Yalue
1Prew Walue
[Ment Walue

Linear Interp
|=pline Interp
MonotonicCubic

If there are NULL or NaN values in the data but Use NULL Value Handle option
isn’t checked, then the following waming message will appear.

Data contains null values. First detected at Line#11.
& I % You have chosen to use "Linearlnterp” to fill these null values.

-

| |

4. Although the time information exists in the data, you still need to set the unit of
the time information. Click on the Time Unit option under Time Coordinate
and select sec from the drop down menu.

Time Coordinate
Time Unit: SEC b o

1000 Down-sample by: | 1 =

Handle Repeat Time Coordinates

5. Click on the Import button once the configurations are done.
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[ Network & @
%K ! x

Froject] * |

Drats updated . Auto o O

If the signal data is to be calculated futther, it needs to connect to Conversion—
Convert To Regular because Specify Time Column is in the Indexed format.
It needs to convert it to regular format.

Froperties
El Module A
lass DataSource
Mame testd_NaN

OutputPortSide | Right

wacukeTims 0 5&x =
Real Single-Channel Signal of Rank-1 []ndr‘ur‘dll\nrn ]

<

1ot O

| outputpataType
Qutpik Data Type

4.3.1.2 Import csv file format

[T

The data in the csv file format is separated by a ““,” comma character. The first row in
the data contains the titles of the columns, so the data has to begin from the second
row.

Text Importer will automatically detect the inputted file format. When a csv file
format is loaded, the Delimiter function will be checked. Text Importer can also
detect the data-time format. If a date-time axis is found, a Question window will pop
up like the figure below, giving you the option to have the time axis be automatically
set for you.

I.-"-_-"-I A date-time column has been detected.
Y Would you like to auto-set it as the time axis?
If not, default or previous settings will be used.

I
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Columns:
Data Direction: | Column-based - [] concatenate to one channel

Specify Time Axis

Field Format

Whitespace Delimiter |, & Complex

Fixed Field ||[][_][ |

Handle Nul-values

Handle Nul-Values | Linear Interp -

Time Coordinate

Tmeunt [mn ] Tmeshf: [0 | min
Sample Freq: [cyclesimin] Down-sample by:
Handle Repeat Time Coordinates -

Date Axis

AutD Start Date/Time: [oH
Enable

File Contents
] 10 20 30 5t -

ool: |

002: 2007/05/13 00:00:00.00000042.538|

003: 2007/05/20 00:00:00.000000|42.54]

004: 2007/05/27 00:00:00.00000042.539]

005: 2007/06/03 00:00:00.000000(42.54]

00§ 2007/06/10 00:00:00.000000/42.5411

007: 2007/06/17 00:00:00.000000/42.539]

00g: 2007/06/24 00:00:00.00000042.5361

009: 2007/07/01 00:00:00.000000]42.537]

010: 2007/07/08 00:00:00.000000142.5361
R —T— r

You can increase the Down-Sample by number to 5 if the data is too large, which
means that for every 5 data points only 1 will be read.

Data Direction: | Column-based - [7] concatenate to one channel
Specify Time Axis

Field Format

hitespace Delimiter |, A Complex

Fixed Field ||[][,][ |

Handle NulFValues

Handle Nul-Values | Linear Interp -

Time Coordinate
Time Unit: E} Tmesnit [0 | [min)

Sample Freg [cycles/min] Down-zample by

Handle Repeat Time Coordinates

Date Axis

Autu Start Date/Time: o H
Enable

File Contents
1) 10 20 30 S50~

0ol: |
002: 2007/05/13 00:00:00.000000]42.538]
003: 2007/05/20 00:00:00.000000]42.54]
004: 2007/05/27 00:00:00.000000]42.539]
005: 2007/06/03 00:00:00.000000]42.54]
008: 2007/06/10 00:00:00.000000]42.541]
007: 2007/06/17 00:00:00.000000]42.539]
002: 2007/06/24 00:00:00.000000]42.536]
003: 2007/07/01 00:00:00.000000]42.537]
010: 2007707708 00:00:00.000000142.5361
(J F—T—

3
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GPS
425
424
1 1 1 1 1
2008 2009 2010 201 2012
Date

Note: It is not advised to have dedmal numbers within the time of the data E.g. 2005/3/18
15:05:35:.01242

1. If you wish to import a data with date and time and it is not in the csv format then
you will have to configure the Data Axis and Time Coordinate options. In this
example, Time Coordinate is set as day and Sample Frequency is set as 1000.
Data Axis is Enabled and the date and time is set as 2003/03/12
4 (hour):6 (minute):50(seconds).

r B

Data Range
I Rows: 1 = To |end = Columns: 1 = To |end =
Data Direction: |Column-based [] concatenate to one channel

[ Specify Time Axis 1k

Field Format

@ AnyWhitespace (O Delimiter |, 7] Complex
© FicedField || [1[-] [—]

Handle Hull-Values

Handle Nul-Values | Linear Interp -

Time Coordinate

Sample Freq: 1000 [cyclesiday] Down-sample by: | 1 |5

Handle Repeat Time Coordinates

Date Axis
[¥] Auto Start Date/Time: 200303012 - | | 48 | 8}% . 50/
Enable
File Contents
1] 10 20 30 40 S0 -
001: 1274 [
002: 1335
003: 1294
004: 1265
005: 1318
006: 1359
007: 1340
00&: 1378
009: 1410
010: 1401
4 | i [

4000

1000

1 1
0313 03114
Date

217



VISUAL SIGNAL EXPRESS GUIDE

2. If all rows of the imported data have the same character length, you can use
customize Fixed field to read in the data.

Data Range

- -

Rows: 1 = To |end = Columns: 1 = To |end
Data Direction: | Column-based [7] Concatenate to one channel
7] Specify Time Axis 1
Field Format

@ An

@ Fixed Field 1 110-11--1

Handle Nul-Values
Handle Nul-Values

Time Coordingts
Time Unit: Time Shift: 0

Sample Freg: 1000 [cyclesizec] Down-sample by:

Handle Repeat Time Coordinates

Date Axis

[¥] Auto Start Date/Time: [2001/01/01
[] Enable
File Contents
0 10
00l: 113]156/290]
002: 21416719011
003: 3151781012]
004: 4161891123
005: 5(71901234]
004: 6]8]01]345]

The data imported are placed in four channels: the first channel contains one character,

the second channel contains two charactets, the third channel contains three characters,
and the fourth channel contains four characters. Under Data Viewer, the X values ate
based on the Sample Frequency of 1000Hz. So evety data value is read at 0.001

increments.

Index X Walue CH1 Chz2 CH3
0 1 23 458
1 0.0 2 34 567
ps 0.002 3 45 678
3 0.003 4 56 729
4 0.004 5 &7 2890
5 0.005 & 73 801
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4.3.1.3 Import wav or mp3 file format

If the file imported is .wav or .mp3, these two types of sound formats will directly
create a source component in the Network Window and will not open any importers.

Metwork @
EREE X
Projectl ® ]

| Windows P oy [l Viewer [1]

Viewer updated . | Auta o O

Windows XP e @ (2] (1] (m
T T

05 T T T T T T T J

0 05 1 15 2 25 3 35 4 45
Time [sec]
Property Name | Property Definition | Default Value

Data Range: Contains the options to set the range for the data

Enter the range of rows to be 1 e 1Bt

Rows
read

Enter the range of columns to be

cead 1 to End

Columns

Determine the way to read the
Data Direction data, either row based ot column Column-based
based

Determine if the data is to be
displayed in one channel or Unchecked
multiple channels (uncheck)

Concatenate to one
channel

Determine if the time
information already exists in the
signal data. Check to select the
column representing the time Unchecked
information. (N ote: After
checking the box the data will be
displayed in the Indexed format).

Specify Time
Column

Field Format: Contains the options to set how data values are read
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. Separate the data values by the
Any Whitespace T Yes

. Separate the data values by the
Delimiter comma of the TAB character No
Fixed Field Customize your own rules to read No

the data values
Null Value Handle: Contains the options to deal with NUILL or NalN values
(missing values)
NULLFilledMethod | Check the calculation method to Lincar Interp.

fill in the missing value

Time Coordinate: Contains the options to set the date and time

Time Unit

Select the time unit from psec,
nsec, msec, sec, minute, hout,
day, week, month (30 days) and
year (365 days)

sec

Time Shift

Set the starting time of the data

Sample Frequency

Set the Sample Frequency

1000

Down-sample by

Set the Down-Sample rate. With
evety increment of the value, the
sample data will be shortened to
save time duting calculation.
(Note: The Sampling Frequency
value will be automatically
recalculated depending on the
down-sample value. E.g.
Sampling Frequency = 1000 with
Down-sample = 2 will result in
creating an impotted Source
component with Sampling
Frequency = 500).

Date Axis

Enable

Select to enable the date and time
option

Unchecked— Disabled

Start Date/Time

Set the Date and Time for the
data values

2001/01/01 0:0:0

Related Functions

Channel Viewer, Fill NULL Value, Resample
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432 Noise

The Noise function has the ability to create seven different types of noise signal waves.

Introduction

Below are the following descriptions for each noise definition:

Noise

Equation

Description

White

E[xwhite] =0
E[fnite (O funite (6 — D] = 6(2)

The noise that has a wide
range of frequencies of
uniform intensity, where E is
expected value. It hasan
autocottelation which can be
represented by a Delta
function over the televant
space dimensions.

Gaussian

Gaussian noise is noise that
hasa probability density
function (abbreviated pdf) of
the normal distribution (also
known as Gaussian
distrbution).

Speckle

Speckle-type noise, its
amplitude is either zero or one,
it is controlled by the
probability P.

Pink

2 1
F[xpink(t)] X ?

Pink noise or 1/f noise is a

signal or process with a
frequency spectrum such that
the power spectral density is
proportional to the reciprocal
of the frequency

Brown

F[xbrown(t)]2 x fiz

Brownian noise is the kind of
signal noise produced by
Brownian motion hence its
alternative name of random
walk noise

Blue

F[xblue(t)]z x f

Blue noise’s power density
increased 3 dB per octave with
increasing frequency (density
proportional to f) over a finite
frequency range

Violet

F[xviolet(t)]2 x fz

Violet noise’s power density
increases 6 dB per octave with
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increasing frequency (density
proportional to f) over a finite
frequency range

Properties

Property

> Module
a Noise
White

4 Source

TimeTnit sBC
TimeLength 1
SamplingFreq 1000
DateLength 1001
Amplitude 1
AmplitodeOffset 1}
TivneStart n

Moize Type

Select a noise type.

m

{Source}
Property Name

Property Definition

Default Value

TimeUnit

Set the time in ps, ns, us, ms,
sec, min, hour, day, week,
month ,or year

SEecC

TimeLength

Set the value of time selected in
TimeUnit

SamplingFreq

Set the number of Sampling
frequency (the amount of data
values to be sampled)

1000

DataLength

Set the length of the data
(SamplingFreq X
TimeLength + 1)

1001

Amplitude

Set the maximum displacement
of a periodic wave

1

AmplitudeOffSet

Set the amplitude offset

0

TimeStart

Set the statt time for the data

0

There are two more variable options in Gaussian Noise and Speckle Noise

Prolil(:lrt(;lifl};lme Property Definition Default Value
Sigma Set the standard deviation o for 1
(Gaussian) Gaussian Noise
Probability | Set the probability of occurrence 0.005
(Speckle) for Speckle Noise. )
Example
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Analyzing noise waves:

1. Create seven different types of noise through Source—>Noise and connect
each source component toa Viewer—>Channel Viewer.

[ Network of m @
's | 8 x

Project] * l

Fiewer7 updated. Autn O O

White
1 T T T T T T T T T
! I
| I
I l\
of (A
\
-1 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]
Gaussian
4 T T T T T T T T T =
\
-2 -
1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]
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Speckle
1 F T T T T n T T T T T 7]
O v ,
-1 1 1 1 1 1 1 1 1 1 7
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]
Pink
1 T T T T T T T T T ]
0
|
-1 I I I I I I I I I 7]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]
Brown
1 T T T T T T T T T

-1 1 1 1 1 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]
Blue
l C T T T T T T T T T
ol
-1t I I I I I I I I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]
Violet
1 T T T T T T T T T ]
(o) ‘
-1 1 1 1 1 1 1 1 1 1 7
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]
2. Connect the Noise component to Compute— Transform— FFT and

connect the FFT component to Conversion—>Map To Real and finally
connect the result to a Channel Viewer component. Change the Map
Method of the ToReal to PowerSpectrum. You can obsetve that the

power spectrum density increases as the frequency decreases.
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Network ™ N =
R X

Project] # |

Viewer updated. Luto o O

| property e . @
4 Map to Real

Map Method PowerSpectrum| lz‘
> Module

Map Method
Select a mapping method.

Pink - FFT - ToReal

0.04 ]

0.02 n

0 50 100 150 200 250 300 350 400 450 500
Frequency [Hz]

3. Repeat the steps to the other source signals. The Blue noise graph is shown below
after the steps.

Blue - FFT - ToReal

0.003

0 1 1 1 1 1 1 1 1 1 ‘

0 50 100 150 200 250 300 350 400 450 500
Frequency [Hz]

You can obsetve that the power spectrum density increases as frequency increases.
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4. Set the Noise Type to Gaussian noise and set the TimeLength to 100
seconds and view the histogram with Data Viewer.

Data Viewer =
o)
0
. T T T T Channel Information:
Histogram - Channel 1
10000
I 1 I I 5000
0 20 40 &0 20 100
4 b From: 0 Step: 1 N: 500 Channels: 1 o
T T T T 4 Data
Sampling Freguen 1000
2k Data Count 100001
Time Length 100
ol | Unit sec
| || 4 Data Channel
Channel Count 1
2+ > Channel Channel 1
Min -4.34382
1 1 1 1 dex of Mi E5
0 0.1 0.2 03 04 Index of Min 85410
Max 4.148
Index X Value CH1 it Index of Max 56440
» _u -0.68333715365.. lsan 0000551574
STD Deviation 0.998512
1 0.001 -1.32936462582. ..
2z 0.002 -0.29980862525. ..
3 0.003 1.045435828735...
A nanAa N 20008 TOETIN i

If you want to see example projects using the Noise function, open projects demo39

and demo40 in C:\Progtam Files\AnCAD\ Visual Signal \demo\ Basic.

Related Functions

Channel Viewer, Fourier Transform, Map To Real

Reference

http:/ /enwikipedia.org/wiki/Colots of noise

http:/ /enwikipedia.org/wiki /Gaussian noise
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433 Sine Wave

Explanationis given for the Source—>Sine Wave.
Introduction

Lett = time, N = length of the signal, t; = [to, ty, tN—l] is the representation of
the time coordinate and sine wave can be generated by

x; = A-sin(wt; + 6) + V

Whete A = amplitude, @ = angular frequency, 6 = phase atty, V|, =offset from X
axis, and sampling frequency is defined as f = %

Properties
Property @
BC
1
1000
1001
10
Amplitude 1
AmplitudeOffsmt 0
Phase 0
TimeStart 0
Module
Source ..
{ ; Property Definition Default Value
Property Name

Set the time in ps, ns, us, ms,
TimeUnit sec, min, hour, day, week, sec
month ,or year

Set the value of time selected in

TimeLength TimeUnit 1

Set the number of Sampling
SamplingFreq | Frequency (the amount of data 1000

values to be sampled)
Set the length to the data

DataLength (SamplingFreq X 1001
TimeLength + 1)

SignalFreq Set the real signal frequency. The 10

unit is in Hz.
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Set the maximum displacement

Amplitud
A hEe of a periodic wave !
AmplitudeOrfSet | Set the amplitude offset 0
Set the Phase in degree. When
Phase the phase is non-zero, the §ntire 0°
waveform appears to be shifted
in time with specified value
TimeStart Set the start time for the data 0
Example

Create a Sine wave

1. Create Source—>Sine Wave.

Metwork

'S !

Projectl ¥ ]

ad| -]

Viewer updated.

] Aub OO

0 0.1 0.2

In this figute, the SamplingFreqisset to 1000 and SignalFregqis set to 10.

2. If youset the Phase to 90° then the sine wave will become a cosine save.

0.3 0.4 0.5 0.6 0.7 0.8
Time [sec]
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Property @
> Module
4 Source

TimeTnit sec

TimeLength 1

SamplingFrey 1000

DataLength 1001

SignalFreq 10

Lmplitude 1

A mplitud eCiffzet 0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

3. Setthe SignalFreqto 3, Amplitude to 2.5, AmplitudeOffSet to 1.5
and TimeStart to2, the graph is shown in the image below.

Property @
> Module
4 Somrce
TimeTnit sec
TimeLength 1
SamplingFreq 1000

LmplitodeOffset 1.5

Phase 90

Timedtart 2
SignalFreq

Specify the frequency of the generated siznal.

2 2.1 2.2 2.3 2.4 25 2.6 2.7 2.8 2.9
Time [sec]

Related Functions

Channel Viewer
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434 SquareWave
Explanation is given for the Source—Square Wave.

Introduction

( A+V,, 6St<(—)s+6
OES , ,
k—A+V, <?)5+6St<(?>+6

Xsqr(t +T) = x5, ()

Where A = amplitude, f = sampling frequency, 6 = phase at t,, V; = offset from X
axis, the ratio s is shown in the image below.

Properties
fil

TimeUnit sec

TimeLength 1

SamplingFreq 1000

DatsLength 1001

YignalFreq 10

Ainplitnde 1

LanplitodeOffzet 0

Phase 0

Symmimety 05

TimeStort 0

Module
{Source} Property Definition Default Value
Property Name

Set the time in ps, ns, us, ms,
TimeUnit sec, min, hour, day, week, sec
month ,or year

, Set the value of time selected in
TimeLength TimeUnit 1
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SamplingFreq

Set the number of Sampling
Frequency (the amount of data
values to be sampled)

1000

DataLength

Set the length o the data
(SamplingFreq X
TimeLength + 1)

1001

SignalFreq

Set the real signal frequency. The
unit is in Hz.

10

Amplitude

Set the maximum displacement
of a periodic wave

AmplitudeOffSet

Set the amplitude offset

Phase

Set the Phase in degree. When
the phase is non-zero, the entire
waveform appears to be shifted

in time with specified value

Symmetry

Symme try setat 0.5 is equal
symmetty where the left of the
inflection point takes up 0.5
(half) of the petiod. E.g

Symme try —0.2 means that the
left of the inflection point takes
up only one-fifth of the period.

0.5

TimeStart

Set the statt time for the data

Example

Create a square wave.

1. Create Source—>Square Wave.

Metwork

=

Project] # ]

ad |1

(5 g N

Viewer updated.

] Auto OO
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Square

-1 ] ] ] 1 1 ] 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

In this figure, the SamplingFreqissetto 1000 and SignalFregqis set to 10.

2. Set the SignalFreq to 5, Amplitude to 3, AmplitudeOffSet to 0.2,
Phase to 0, Symmetry to 0.4, TimeStart to 2.5, the graph is shown in the

image below.

Property @
> Module

a Sounrce
TimneTndt sec
TimeLength 1
SamplingFreq 1000
Datalength 1001
SignalFreq 5
Amplitode 3
AmplitodeOffst 0.2
Phiase 1]
Swmmetryr
Times tart 15

Symmetry

Specify the symumetor mod ifications to the wave shape.

Square

T T T T T T

2+ S -
1-s

2

| | 1 | | | |
23 2.6 27 238 29 3 31 32 33 34

Time [sec]

It you want to see an example project using the Square function, open project
demol4 in C:\Program Files\ AnCAD\Visual Signal\demo \Basic.

Related Functions

Channel Viewer
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435 Trangle Wave

Explanation is given for the Source—Triangle Wave.

Introduction
[ Af 1
| —t+V, 9St<(—)s+9
; y f
xtri(t) = | f

4 1—1_S(t—]s7)]+V0, <%)s+9§t§(%>+9

Xpri (& + T) = x4 (1)

Where A = amplitude, f = sampling frequency, @ = phase at t,, V; = offset from X
axis, the ratio S is shown in the image below.

Properties
Property @
a Source

Timne it seC
TimeLength 1
SamplingFreg 1000
Datalength 1001

I SignalFreq 10
Lmplitude 1
LmplitodeOffzt 0

I Fhas 1]
ety 0.5

Il TimeStart 0

| Hodule

Source ..
{ ; Property Definition Default Value
Property Name

Set the time in ps, ns, us, ms,
TimeUnit sec, min, hour, day, week, sec
month ,or year
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TimeLength

Set the value of time selected in
TimeUnit

SamplingFreq

Set the number of Sampling
Frequency (the amount of data
values to be sampled)

1000

DataLength

Set the length o the data
(SamplingFreqg X
TimeLength + 1)

1001

SignalFreq

Set the real signal frequency. The
unit is in Hz.

10

Amplitude

Set the maximum displacement
of a periodic wave

AmplitudeOffSet

Set the amplitude offset

Phase

Set the Phase in degree. When
the phase is non-zero, the entire
waveform appears to be shifted

in time with specified value

OO

Symmetry

Symmetry setat 0.5 is equal
symmetty whete the left of the
inflection point takes up 0.5
(half) of the period. E.g,

Symme try —0.2 means that the
left of the inflection point takes
up only one-fifth of the period.

0.5

TimeStart

Set the statt time for the data

Example

Create a Triangle wave.

1. Create Source—Triangle Wave.

Viewer updated. Auto o O
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Triangle

0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

2. Set the SignalFreq to 4, Amplitude to 1, AmplitudeOffSet to 0.3,
Phase to 0, Symmetry to 0.7and TimeStart to 0.3, the graph is shown in
the image below.

Property @
> Module
a Source
Time it sBC
TimeLength 1
SamplingFreq 1000

L mplitudeCffset 0.3

Fhas 1]

Syimmetry 0.7

Time?tart 0.3
SignalFreq

Specify the frequency of the generated sgnal.

Triangle

I I I I I
0.3 04 0.5 0.6 0.7 0.8 0.9 1 11 12 13

Time [sec]

If you want to see an example project using the Triangle function, open project
demol4 in C:\Program Files\ AnCAD\Visual Signal\demo \Basic.

Related Functions

Channel Viewer
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436 Custom Wave

The users can input equations to create signals via this module.

Properties
=
1
1000
1001
0
sin(2*pi*10%1)
Module
{Source} Property Definition Default Value
Property Name
Set the time in ps, ns, us, ms,
TimeUnit sec, min, hour, day, week, sec
month ,or year
, Set the value of time selected in
TimeLength TimeUnit 1
Set the number of Sampling
SamplingFreq | Frequency (the amount of data 1000
values to be sampled)
Set the length to the data
DataLength (SamplingFreqg X 1001
TimeLength + 1)
TimeStart Set the start time for the data 0
: Set the equations to calculate the . .
Expression *ppk ] O*
<) Sl sin(2*prt10*t)

Note: The expression area can use inputs of sin, cos, tan, exp, and asin etc. math
functions, which are the same as functions in the f,, menu of the Math module.
(Please also refer to reference of math functions for C# language). Note the expression
of powert, a? is wiitten as pow(a,b).

236




VISUAL SIGNAL EXPRESS GUIDE

Example

Build a quasi-steady signal in which the time is a ditect ratio with the frequency:

1. Under the menu of Source—Custom Wave, sct the TimeLength to be 2.

Then set the Expression property to ‘sin(200*pow(t,2))’. The setting of the
Expression is shown below:

Property IE‘
> Module
4 Source
TimeTnit seC
TimeLength 2
SamplingFreq 1000

2001
0

sin(200*pow (,2)) )

Expression
Tsing the expression to generate the signal

2. View the function with a Channel Viewer. The figute is shown below:

CustomWave

T
[ —————]

0 0.2 04 0.6 0.8 1 12 14 16 148 2
Time [sec]

3. Then, validate that the frequency has direct ratio with time using the
ShortTerm Fourier Transform. The setting and the frequency-time
tigure is shown as below:
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Frequency [Hz]

Metwaork @
& ! x
Project] * l
»|ISTFT E»}—»i 11 TF Viewsr [2] |
TF Yiewer updated.

7] huto OO

CustomWave - STFT

0.8 1 12
Time [sec]

The user can also builda wave of atan~1(e3720%)

Property @
> Module
4 Source
TimeTnit sec
TimeLength 1
SamplingFreq 1000
Datalength 1001
TimeStart 1]

atan(exp(3-20*1))|

Expression
1sing the expression to generate the sizgnal

238



VISUAL SIGNAL EXPRESS GUIDE

CustomWave
15 T T T T T T T T T _]

0t 1 1 1 1 1 1 1 1 1

0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

If you want to see an example project using the Custom Wave function, open
project demol4 in C:\Program Files\ AnCAD\ Visual Signal \demo\Basic

Related Functions
Channel Viewer, ShortTerm Fourier Transform, Math

References

http://msdn.microsoft.com/en-us/library/system.math methods.aspx

4.4 Viewer Of Signal Flow Object

441 Channel Viewer

The purpose of the Channel Viewer is to convert sighal data to be graphically
displayed onto the Visualization Window. The graph will plot each signal data along
the x-axis.

Properties

This module accepts input of Signal (which can be a real number or complex number,
single channel or multi-channel, Regular or Indexed), Audio (which can be a real
number or complex number, single channel or multi-channel, Regular). Channel
Viewer canaccept multiple input data sources.

1. Appearance

The Appearance propetty contains the options to set the appearance of how the graph
of the Channel Viewer will be shown on the Visualization Window.
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Property @
4 Appearance -
BackColor D White
FiewerWulth default {750)
TiewerHeight default (180) E
LigtOnder 1]
EetainPlot False
a Channel
Chanmel Cownt 0
» Fonts and Colors
s Grid
> Module
a4 Representation
Timellint =
A ..
{Appearance} Property Definition Default Value
Property Name
Set the background color
BackColor of the' grap;h dl.splayed in White
the Visualization
Window
ViewerWidth Set Fhe width of the graph 750
in pixels
ViewerHeight | OCt the beight of the graph 180
in pixels
The default position on the
Set the order of the graph | Visualization Window is
ListOrder to be shown on the based on the order that the
Visualization Window Channel Viewer is
created
RetainPlot Set True to retain previous False
plot
2. Channel
Property @
» Appearance
4 Channel
Channel Cownt 3
ulti-Channel Display Overlapped
» Show walve Channel Hoise-CH1
» Fonts and Colors
» Gooad
> Module
» Representation
> {Tiile:
Title
Channel ..
Pt({)pe:t‘y b?aine Property Definition Default Value
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Channel Count

Displays the number of
input signals currently
connected to the
Channel Viewer

(Cannot be edited)

Multi-Channel
Display

Select from the option
Overlapped (to display

the graphs of the input

signals on the same graph
ovetlapping each other) or
List (to display the
graphs on top of one
another)

Overlapped

Show value
Channel

When thete are multiple
inputs, select the channel
(graph) from the drop
down menu to use the
Show Value button on the
Visualization Window
toolbar. When there are
multiple inputs, knowing
which graph shows what
value can be rather
difficult. So selecting a
channel from the drop
down menu, the user can
specify the graph to
perform the Show Value
button (located on the
Visualization Window
toolbar)

Channel 1

3. Representation
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Property

i3

i3

a

> Appearance

Channel

» Fonts and Colors

Grid

> Module
{Representation;

Timeint seC
LegendPosition
Autolegend Names
FhadsType

FPlot Elem Editor
DataWalue Type
Hold Flot Range
HMin

PALE

Thin

Thiac

Date Time Format
Show Title

Show KAxis

Show ¥Axiz

Hone

Trme
LinearAxis
PlotEditox
Magnitude
False

anto {0}
aunto (1)
anto {-1.2)
anto (1.2)
Aunto

Trme

True

Trme

> Tifle

Representation

{Representation}
Property Name

Property Definition

Default Value

TimeUnit

Displays the time unit of the data

Depends on the input
signal data’s time unit

LegendPosition

Select the position: None,
TopLeft, BottomLeft,
TopRight, BottomRight
and RightOutSide to
display the legend on the graph.
Or select Custom to position
the legend via drag-and-drop.

None

AutoLegendNames

Set True to automatically retrieve
legend names; otherwise they are
taken from P1ot Elem
Editor

Ttue

XAx1isType

Select the representation of the
x-axis, choose between
LinearAxis and LogAxis

LinearAxis

Plot Elem
Editor

Click on the PI1otEditor
button next to the field to edit
how the graph is displayed, from
the line colort, line thickness, dot
representation, etc.

Note: User will need to click on
the Plot Elem Editor field for
the button to appear or double-
click the Channel Viewer

default

DataValueType

Select different ways to display
the y-axis froma selection of

Magni tude
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Magni tude, Phase,
RealPart, ImagPart,
Gainand Power Spectrum.
Normally this option is used for
spectrum data. When there are
multiple channels in the signal.

If DataValueType is set as
Gain, this option field will
appear. See alsoMap To
Real

GainReference

When Hold Plot Rangeis
set as True, after resizing,
moving and zooming into the
graph, the calculation done will
still be based on the ofiginal

range.

Hold Plot Range False

Set the minimum value of the x-
axis

Xmin auto

Set the maximum value of the x-
axis

Xmax auto

Set the minimum value of the y-
axis

Ymin auto

Set the maximum value of the y-
axis

Ymax auto

Set a date-time format. There are

Auto, WeekdayOnly,

Date Time MonthOnly, YearOnly,
Format YearMonth,

YearMonthDay, and

Custom six options.

Auto

Specify a custom date-time

FormatString format stii
O at stungy

yyyy/MM/dd

Select True to show the title on
Show Title the graph and False to hide the True
title

Select True to show the x-axis on
Show XAxis the graph and False to hide the True
X-ax1$

Select True to show the y-axis on
Show YAxis the graph and False to hide the True
y-axis

Clicking on the PIot Elem Editor button will pop up the Plot Element

Setting window. Check the Display tick box to show the signal on the graph (useful
to determine which is which when there are multiple signals on one graph). You can
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change the Channel Name, Line Color, Line Width, Line Style, Marker Style, and
Draw Style to improve the presentation of the graph and customize the looks
according to your need.

3 e —————

Dizplay Channel Name Color Line Width Line Style Marker Style Draw Style
Noise:CH1 @ - +  Nome + Line =
Sine:CH1 @ - +  Nome +  Line =
Sguare:CH1 @ - - Mone - Line -

| Display Al | | Hide Al
4. Title
Property @
> Appearance
» Channel
> Fonts and Colors
& Grid
D {default)
Title {default)
VTitle {default}
Representation
{Title} ..
Property Name Property Definition Default Value
Title Change the title of the graph {default}
XTitle Change the ttle of the x-axis {default}
YTitle Change the title of the y-axis {default}
Example

A demonstration of how to use the audio player withina Channel Viewer.

1. Create Source — Sine Wave and connect the Sine component to
Conversion—>Convert To Audio to turn the sine wave signal to an
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Audio file. Then connect the ToAudio to Viewer—>Channel Viewer to
display the graph and the audio playback on the Visualization Window.

Metwork @
B b X

Project] ¥ l

Wigwer npdated . Anto o o

Sine - ToAudio 0 oo @9 (2] [11] [m
T T

0 0.1 0.2 0.3 0.4 0.5 0.6 07 08 0.9 1
Time [sec]

2. Change the TimeLength of the Sine component to 10.

Property @

> Moduale
4 Somrce

sec
10|
1000
10001
10
Amplitude 1
AmplitodeOffset
Fhase

Timedtart

TimeLength
Time length in unit

Sine - ToAudio
T

16 T T T T T T

B e @B (] (1] [m

5
Time [sec]
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3. Click on the ® audio play button on the top right corner of the graph and play
the signal. A red line will run through the x-axis indicating the position of the audio
currently being played.

Sine - ToAudio ooe @) (2] (1] (]
T T il

1B T T T T T T T T

(s

1 1 1 1 1
0 1 2 3 4 3 6 7 8 9 10
Time [sec]

4. You can use the # ' Zoom X button off the Visualization Window toolbar to
enlarge the area of the audio signal.

Sine - ToAudio s @9 () (1] [m

1 1 1 1 1
0.6 0.8 1 12 14 1.6 1.8 2 22 24
Time [sec]

Below are some examples showing how to configure the other options in the
Properties Window.

1. Create Source— Square Wave and connect it to Viewer—Channel

Viewer.
X
Viewer updated. | Luto o O
Square
1 ' I ]
0 - —
-1 ] ] ] 1 1 ] 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time [sec]

246



VISUAL SIGNAL EXPRESS GUIDE

2. Change the ViewerHeight to 500 and ViewerWidth to 300 in the
Channel Viewer properties.

Property @
4 Appearance -
BackCalor [] White
¥: Width 500
¥: eig] 300
L. 1]
RetainPlot Falze =
> Channel
- Fonts and Colors
» Grd
 Module
> Representation
1 Title i
FiewerHeight
Viewer Height
Square
T T T T
1 — — — — I S — F— — — —
0.5 .
or 4
-0.5F 1
1 = ) ] ] ) ] ] L L ——
| | | |
0 0.2 0.4 0.6 0.8 1
Time [sec]

3. Use the Zoom X, Zoom Y or Pan X and Pan Y feature in the Visualization
Window toolbar. If you want to maintain the current status, you can set the Hold
Plot Range toTme.
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Property @
TimelTint -
Legend Position None
AutoLegend Names Tiue
HixizType LinearAxis

> Plot Elem Editor PlotEditox
Diata¥alue Twpe Magnitude £
Vhiav amta {111 i
Hold Flot Range

Holding plot range when module iz updated

4. Use # ’ Z.oom X and zoom in between 0.2 sec and 0.5 sec on the x-axis.

Square
T T T T T
1 -
0.5 .
[] _ ]
0.5 F -
1k
1 1 1 1 1
0.2 0.25 0.3 0.35 0.4 0.45 0.5
Time [sec]

5. Create Source—>Sine Wave and connect it to the same Channel Viewer.
Because the Auto box is checked, the Channel Viewer will automatically
update with the new sine wave graph. Since Hold Plot Range is set to True,
the new update will not return the graph to the default position.

Metwaork @
& ! x
Project] * ]

iewer updated.. Luta o O
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(Square, Sine)

T T T T
1 -
051 1
U - -
05 -
Ak
1 1 1 1 1
0.2 0.25 0.3 0.35 04 0.45
Time [sec]

6. Click onthe PIot Elem Editor,and then click on the button to open up the

Plot Element Setting window.

05

-

-
o5 Plot Element Setting =HACINL X
Display Channel Name Color Line Width Line Style Marker Style Draw Style
Sguare:CH1 @ - - Mone ¥ Line -
Sine:CH1 B - +  MNene v  Lne v
| Displayan | [ Higear | [ ok ][ caneat |[ appy |
h

7. In the Plot Element Setting window, you can edit the display of all the input
channel data on the graph. Set the Line Color of Square:CH1 to red, change the
Line Style to dotted line and change the Marker Style to 4 and click on the
Apply button to see the change on the graph.

r ~
o5 Plot Element Setting E@g
Display Channel Mame Color Line Width Line Style Marker Style Draw Style
Square:CH1 B v  mm———— - * - Line -
9]

Sine:CH1 B - -  None v  Line v |
|
|
I
|

Display All | | Hide Al ok | [ cancel || appy
h 4
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(Square, Sine)
T

05 5

0.2 0.25 0.3 0.35 0.4 0.45 0.5
Time [sec]

In the Channel Viewer you have the option to configure the
DataValueType of the spectrum data to Magni tude, Phase, etc.

8. Continuing from the above example, connect the Square component to

Compute—Transform—>Fourier Transform and then connect it to a
Channel Viewer.

Metwaork

e i8]

Project] * l

=
X

WL FFT ;.}_»g | Viewerd [7] ‘

Viewer2 updated. Luta o O

Square -FFT

0 50 100 150 200 250 300 350 400 450 500
Frequency [Hz]

9. In the graph above, the x-axis is the frequency and the y-axis DataValueType
is set as Magni tude. Now change the Da taValueType to Phase, the y-axis

will now represent the frequency of each phase.
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200

-200

Property @
» Module -
4 Representation

TimeTTint Hz
Legend Position Hone
AntoL e gend Wames Troe E
HhxisType LinearAxis
i Plot Elem Editor PlotEditox
Diata¥alue Type Phase| B
Hold Flot Renge False
EMin aunto (D)
Fhiaw anto {SOM ™
Data¥alneType

If data iz complex, select a data repressntation twpe: Magnitude, Phaze,
RealPart, ImagPart, Gadn, PowerSpectonm.

Square -FFT

| | 1 | | |
100 150 200 250 300 350
Frequency [Hz]

I I
400 450 500

Note: When DataValueType is changed to Gain, an additional option
GainReference will appear and set the GainReference to 10. Gain is

defined as 20 X log (

A
GainReference

magnitude and the dominator is GainReference.

Property @
» Appearance ~
& Channel
> Fonts and Colors
b Grid
> Module
a Representation

TimeUint Hz

LegendPosition Hone

AytoLegend Mames Trme

HinisType LinearAxis L
5 PlotElem Editor PlotEditor i

Gain

Oa ce 10|

Hold Flot Range False

HMin anto {0}

HEMax auwto (500)

YHMin anlo {-413 486851057613)

TMax anto {18.0490626718393)

Diate Time Format Anto

Showe Title Trme

Show s True i

EN T Temn
GainReference

), unit is in dB,log is to the base of 10,4 is the
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Square - FFT
0 = T T T T T T T T T —
MWWMMWMWWWWMWM
8 200} .
-400 & 1 1 1 1 1 1 1 1 1 -
0 50 100 150 200 250 300 350 400 450 500
Frequency [Hz]
Related Functions

Sine Wave, Square Wave, Fourier Transform, Map To Real
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442 TmeFrequency Viewer

Time-Frequency Viewer uses images to display three dimensional time-
frequency signals (time, frequency and signal strength). The x-axis represents the time,
the y-axis represents the frequency and the color represents the signal strength.

Properties

This module accepts input of Spectra (which could be a real number or complex
number, single channel, Regular). Time-frequency Viewer and Channel
Viewer are very similar with the difference being that there are more vanable options

for Time-Frequency Viewer.

Property @
BackColor [] White
ViewerWidth defanlt {750}
ViewerHeight 260
ListOnder 1]
RetainPlat Falze
4 Channel
Chamne] Count 1}
> Fonts and Colors
o Grid
» Module
a PRepresentation
Legend Position Hone
AutoLegend Names True
Data¥alve Type Magnitude
Hold Flot Range Falze
EMin anto {0)
EMax auto {0)
TMin aunto {0)
Thax aunto {0)
Date Time Format Auto
CMin 1]
Chax 1]
Colarmap ] et
Show Title Truoe
Show KAz True
Show ¥ Az True
Show Color Bar True
a Title
Title {defanlt}
ETitle {defanlt}
¥ Tifle {default}
Appearance
Property Name Property Definition Default Value
. Set the minimum value of the
CMin . Auto
time-frequency color
CMax Set the maximum value of the Auto
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time-frequency color

Thete are four types of color
Colormap representations: Jet, HSV, Jet
Rainbowand Gray

Select whether or not to display
Show Color Bar | the color bar at the right side of False

the graph

Example

Create 2 Square Wave component, connect it to a ShortTerm Fourier
Trans form component, and then connect it to a Time-frequency Viewer
component. Then change some configurations to the Time-Frequency Viewer.

1. Create Source—>Square Wave and connect it to Compute—> TFA—>
ShortTerm Fourier Transform and then connect it to a Viewer—
Time-Frequency Viewer component.

l Metwark

Eu': Iﬂ:‘l&;] !

Project] * ]

- =
X

I+ I STFT j—w# L TF Tiewer [1] |

TF Viewer vpdated. V| Auto o O

Square - STFT

500

400

w
o
=]

Frequency [Hz]
S

-
o
o

0 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9
Time [sec]
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Set the CMax to auto (1.28581059903091). This value is the maximum value

of the signal strength and it is also the maximum color value on the color map. A user
can set the value of the CMax varable to show the signal strength below this value.

Since the colors on the color map keep the same, a better resolution of the signal
strength can be presented if CMax becomes smaller.

Set CMax to 1, the graph uses this as the maximum color value for color map. All

signal strength below 1 is remapped to the color map and the graph is redrawn to focus
on the region that was unclear when CMa x was 1.28581059903091.

Property @
AutoLegend Names True -
Diata¥alue Type Magnitade
Hald Plot Range False
HMin auto {0)

HMax aunto {1}

Fidin anto {0)

Tiax auto {500)

Date Time Format Aunto

CMin auto (1.45344012660423E-1!

Chax 1 £

Colormap I:I Jet

Show Title True

Show HAwis True

Show T Awis True

Show Color Bar True il
CHax

Colonmap range macimum

Square - STFT

500

400

300

200

Frequency [Hz]

100

T 0.2 03 0.4 05 0.6 0.7 0.8 08 1
Time [sec]

2. Set the Show Color Bar to True will display a color bar legend based on
relationship between the color and its values.
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Property @
Autolegend Names Time -
DiataValue Type Magnitade
Hold Flot Range False
Hhin aunto {0)

FALEV anto (1)

Tl auto (0)

Thax anto (500}

Date Time Format Auto

Chin auto {1.45344012660423E-1!

Chdax 1 E

Colormap A ket

Show Title Time

Show s True

Show T Awis Tiune

; Color Bar True| |Z| i
Show Color Bar
Show Color Bar

3. Change the Time-Frequency Viewer’s DataValueType to Phase
and the following image will be displayed.

Property @
AutoLegend Hames Time -
Data’ Tape Phase| E
Hold Flot Range False
HMin aunto (0}

Hhdan anto (1)

T hdin anto (0)

¥hiax anto (500)

Drate Tive Format Auto

Chin auto {-180)

Chax auto {179.990000000008) =
Colormap A ket

Show Title True

Show Khwis Tiune

Show T hwis True

Show Color Bar Trne A

Data¥aloe Type

If data iz complex, slect a data representation type: Magnitode, Phase,

RealPart, ImagPart, Gain, Powerdpectrom.
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Square - STFT

500

400 5

~

. 300

oy

(= 0

o

=

g 200

'

100 -+ g
e
W = e — : =
0 0.1 0.2 03 04 05 0.6 0.7 0.8 0.9
Time [sec]

Related Functions

Square Wave, ShortTerm Fourier Transform, Channel
Viewer, Map to Real
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443 XYPiot Viewer

Displays two signal data in one viewer, one corresponding to the x-axis and the other
corresponding to the y-axis.

Introduction

XY Plot Vieweraccepts three main signal data:

1. Two signal data, channel 1 is drawn on the x-axis and channel 2 is drawn on the y-
axis and then the two signals are plotted on the graph.

2. Multi-Channel data with odd channels are drawn on the x-axis and even channels
are drawn on the y-axis and then the channels are plotted on the graph.

3. A single channel with complex data, the real patt is drawn on the x-axis and the
imaginaty part is drawn on the y-axis and the two values are plotted on the graph.

Properties

This module accepts input of Signal (which could be a real number or complex
number, single channel or multi-channel, Regular or Indexed), Audio (which could be a
real number or complex number, single channel or multi-channel, Regular). XY Plot
Viewer and Channel Viewer are very similar with the difference being that there
are mote variable options for XY Plot Viewer.

Property @
ViewerHeight defanlt (180) -
ListOrder 0
RetainP'lot False

4 Channel
Chanmel Comnt 1]
> Fonts and Colors
> Goad
> Modnle
4 Representation =
LegendPosition Hone
Autolegend Hames Truoe
IlaxPointComnt anto (1001)
Hald Plot Range False
[+ Plot Elemn Editor FlotEditor
HMin aunto {0)
HhMax anto (1)
Yhiin anto {0)
| Thfax anto (1)
I Diate Time Format Anto
Show Title Time .
MaxPointCounnt
Iax point count of the plot

258



VISUAL SIGNAL EXPRESS GUIDE

{Representation} -
Property Name Property Definition Default Value
MaxPointCount The number of points to be -
drawn

Example 1

Sine wave is drawn on the axis and triangle wave is drawn on the y-axis and then use
the XY Plot Viewer to display the graph.

1. Create Source—>Sine Wave and then create Source—>Triangle Wave
and connect both signal data to Viewer—XY Plot Viewer.

Metwark \E‘
ERma ) X

Projectl * l

EYFlot npdated. Auto O O

(Sine, Triangle)

Triangle
T

0.8

Related Functions

0.6

0.4 0.2 0 0.2 04 0.6 0.8
Sine

Sine Wave, Square Wave, Channel Viewer, Time-Frequency

Viewer
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4.5 Writer For Signal Flow Object
451 Write Data & Export to Excel

The Export Data and Export to Excel functions allow you to expott or
save Visual Signal information into numerous types of file formats. Both of these
functions can also be found in the Network Window toolbar.

Properties
Write Data can save data to five different file types: Visual Signal Binary Files

(*vsb), Time Frequency Analysis Hles (*.tfa), Text Files (*.txt), Comma Separated
Value Files (*.csv), and Audio Hles (*.wav, *.mp3, *.aac, *.ac3, *.mp4, *.mda, *wma).

[Text Files (o) -

Wisual Signal Binary Files (*.vsk)
TFA Files (*.tfa)
L8V Files (*.csv)
! Audio Files (*wav;* mp3;*.aac*.ac3;* mpd;* mda;* wma)

Export to Excel will exportt the data into Microsoft® Excel®. The first column

will be the X values and from the second columns onwards represents the number of
channels you have. Each row in the file contains the data values of the signal. Both
Export Data and Export to Excel can save the information created by all
Signal Flow Objects except the Viewer components.

Example

Note: The following examples use the Save data to file and Export data to Excel
functions in the Network Window toolbar.

In the following examples, demonstrations are given on how to save a real signal,
spectrum signal, spectra signal and numeric signal to a file.

1. Real Signal
N_etwork ~ 0 x
s i x
Projectl™ |

Sine updated. Auto 0 O
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Click on the Sine Wave component on the Network Window and then click on the

E Save data to file button on the Netwotk Window toolbar to save the
information. After clicking on the Save data to file button an Export Data Window
will appear, allowing the user to save different types of file formats.

= ™
- Export Data - -— - ﬂ
—
QOv| |« TestDLL » TestDLL » bin » Release v | ¢4 || search Retease 2|
COrganize « Mew folder == - '@'
it Favorites — Documents library Arrangeby: Folder =

M Desktop Release
4 Downloads

-

Mame Date modified Type i
=] Recent Places

m

Mo items match your search.
4 Libraries
3 Documents

J’ Music | 4

=] Pictures

¥ videos

1% Computer ~ ([ I b

File name: Noise -

Save as type: [Teu‘t Files (*.bxt) VI
Visual Signal Binary Files (*.vsh)
MATLAB MAT Files (*.mat)
“« Hide Folders TFA Files (*.tfa)
I Tet Files () |
e CSY Files (Fuosv)
Audio Files (*.wav;*.mp3;*.aac;™.ac3;* mpd:;*.mda;*.wma)

If you click on the = Export data to Excel button, Microsoft® Excel® will
automatically open with all the data transferred to a Microsoft® Excel® table. The X
Value column stotes the time information of the signal and the CH 1 column stores
the data values. So if there is more than one channel, e.g. CH2, CH3 etc. then each
channel will be listed in their own column.

Spectrum Signal

Export data to Excel and Save data to file on a spectrum signal will result in an
output which looks something like this:

X Value CH 1 -Real CH 1 - Imag
2.875E-17 0
6.319E-07 -0.0002013
2.606E-06 -0.0004152
6.186E-06  -0.000657
1.191E-05 -0.0009488
2.084E-D5 -0.0013279
3.515E-05 -0.0018665
5.999E-D5 -0.0027303

[ P

-1 o
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The X Value column stores the time information of the signal and CH 1 — Real
column stores the real part values, while CH1 — Imag column stores the imaginary part.
If there is more than one channel, the information will be listed in the same way.

Visual Signal will view a spectrum signal as a multi-channel. The X Value will store the
frequency and the rest will be the same as above.

2. Spectra

Export data to Excel with a Spectra signal will result in something like this:

Frequency
Coordinate

f

A
[—

“\

I
B AN

D

E

B £}

H

1

1
2 0
0.004833
0.009767
0.01465
0.019533
0.024417
0.0293
0.034183
0.039066:
0.04395
0.048833

Time o~
Coordinate

6:30%\:0.‘.:-.:-‘*

0 1960784

3921560

5.862333

7843137 9803922

11.76471

1372549 |

U010 U.00T903
0.002214  0.002207
0.002403 0.002404
0.002507 0.002522
0.002501 0.002539
0.002373 0002444
0.002116 0.002235
0001738 0.001928
0.001257 0.001559
0.000704 0001199
0.000119 0.000986

U021
0.002183
0.002401
0.002555
0.002627
0.002612
0.002511
0.002344
0.002144
0.001964

000185

PALUL: S
0.002138

0.00238
0.002576
0.002712
0.002783

0.00279
0.002746
0.002673
0.002598
0.002549

UROT7A7 UUITeES
0.002064 0.001955
0.002324 0.002219
0.002552 0.002459
0.002737 0.002665
0.002872 0.002831
0.002056 0.002952
0.002995 0.003034
0.003002 0.003084
0.002093 0.003114
0.002984 0.003135

U0U1003

0.00181
0.002059
0.002287
0,002485
0.0026428
0.002772
0002863
0.002928
0.002974

0.00201

DOOTR03

0.00163
0.001846
0.002041
0.002208
0.002342
0.002445
0.002522
0.002579
0.00262
0.002656

.\_] Spectra Data

The first column represents the time, the first row represents the frequency, and the
data in between the first columnand the first row represents the signal strength.

Related Functions

Sine Wave, Data Writer
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452 DataWiiter

The Data Writer function allows you to save data to supported file formats.
Introduce

This is similar to the Save data to file function introduced in Section 4.5.1. The
difference between Data Writer and Save data to file is that Data Writeris
“auto”and Save data to file is “manual”’. Data Writer can be a component in the
Network Window and will automatically save data to file when Network Window is
updated. It will be saved to the folder you specified with the included file name and file
format.

Properties

This module accepts all kind of data type. It is with three properties.

Property @
. DrefanltOutpntDivectory CAProgram Files\AnCADVY iznal
ActoalCutputFileMame Data Writer ta
CutputFileName {defanlt} tia
> Module
Data Writer
|t WA Property Definition Default Value
Property Name
This propetty shows C:\Program
DefaultOutputDirectory | the default output Files\AnCAD\ Visual
directoty or folder Signal
. Show the actual output .
ActualOutputFileName DataWriter.tfa
file name and path
Change the filename
OutputFileName and specify the {default}.tfa
location to save to

DefaultOutputDirectory is unchangeable in Property Window. It only can
be changed through Tools | Preference | Output, as shown in the figure below.
You canalso specify the encoding; the default value is us-ascii (ASCII).
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| system | Pt | Output | component|

Output Directory:
C:\Program Fileg\AnCADWisual Signal D

Output Encoding:  us-ascii -

Filename {default} format shrink-threshold: 5

Graph

Graph Export Format (during batch-run}:

Viewer title {default} format shrink-thresheld: 5

Reporter

Default number of decimal places: |3

ActualOutputFileName only shows the full name, which is specified in
OutputFileName. If the field, Output FileName, is changed to another path
that is different from DefaultOutputDirectory, it shows the full path in the
ActualOutputFileName field.

OutputFileName: The file extension (file format) is also changeable, though only
to formats Visual Signal supports.

Example

1. Open demo2l — Witervsn in  C\Program  Files\AnCAD\Visual
Signal\demo\Basic. The networtk is shown below

LERT A. =)
BRE [ x

demo21 - Writer |

Viewer updated. Lutn o O

2. The default action of Data Writer is disabled. After all settings ate set, it will
write data to file immediately when you enable the component. In demo21, there
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are three different formats, TextWriter, CsvWiiter, and TfaWriter. Look into the
TextWiitet, the DefaultOuputDirectory is the default “C:\Program
Files\AnCAD\Visual ~Signal” The ActualOutputFileName is the
combination of previous components “chripl000-FIR.txt.” The filename
“chripl000-FIR” is the default value. It is also the default value of
OutputFileName {default}.txt. But the difference between them is changeable
in OutputFileName field.

Property =]
o Dt Writer;
DefouliOntpuillireciony C:AProgram Files\AnCAD\Yisual Signal
ActualOntputFislams chirpl000 - FIR it

CutpuiFileName {default} bt
> Module

Data Writer

3. Change the {default}.txt to TestWrter.txt. The ActualOutputFileName
will be updated automatically after editing the Ou tput FileName field.

Property @
4 Data Writer
DefaultOutputDirectory | C:\Program Files\AnC ADAVisual Signal
A etalOutputFileName TestWriter. bt
COtputFileName TestWriter. txt [
> Module

OutpuiFileMame

Specify the output filename format, with formatting result displayed in
" Letual OutputFileName". Default file extension is “.fa". Specify {all} to displ...

Related Functions

Write Data, Export to Excel
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