Infuil-ink W aveform Editor

The Agilent IntuiLink Arbitrary Waveform Editor application is an ActiveX document
server. This application provides a graphical user interface (GUI) that allows you to

create, import, modify,

and export arbitrary waveforms, and to send these waveforms to

the Agilent type 33120A, 33220A or 33250A Arbitrary Waveform (ARB) Generator
instrument. The user interface is shown below with its main areas identified by numbers:
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Let's look at each of these numbered areas in turn.
1. Menu Bar - provides standard Microsoft Windows style menus.
2. Standard Toolbar - provides toolbar buttons for such standard menu functions as Save, Cut,

Paste, and Print.

3. Waveform Toolbar - provides toolbar buttons for the arbitrary waveform Creation and Edit
functions. In particular, these buttons allow you to Add waveform segments to the active
waveform edit window.
4. Waveform Edit Windows - each of these windows allows you to create, edit, and display an
arbitrary waveform. (Waveform defaults — see: Appendix A.) The contents of the active waveform
edit window can be sent to an Agilent ARB Generator.
5. Status Bar - displays messages about the following:
- General status messages.
- The current mode.
- In Select mode, the start and end positions and number of points selected.
- In Marker mode:
- When an X marker is being moved, the positions of both X markers and the difference between them.
- When a Y marker is being moved, the positions of both Y markers and the difference between them.
- In Freehand or Line Draw mode, the cursor position and the length of the waveform.
- The address of an arbitrary waveform generator (for example: GPIBO0::10::INSTR) if
one is connected, or else Disconnected.
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Connecting to Instrument:

From Communications
menu select Connection ...

Make sure that your
Instrument is
physically connected
to your computer and
turned ON.

Agilenl: IntuiLink Waveform Editor
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In the Connection Dialog highlight the address from the Select Address and click
Identify Instrument. (Or double-click to perform Identify task.) The instrument
type, name and address appear. Highlight the instrument that you wish to connect
and click Connect. (Or double-click to Connect to it.)

Connection Dialog x|
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My Computer
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Instrument(=)
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Instrument =) with Instrument Type in bold are suppoarted.

Disconnect Connected

L

Claze Help

A green icon appears to the left of instrument that is connected.
Once you have established a connection, click OK. Waveform Editor will

remember the connection for any future sessions. If the instrument I/O address is
changed, be sure to reset the connection.

You are now ready to send waveform to the instrument.

Configuration of Waveform Edit Window parameters:

See — Appendix A.
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About arbitrary waveforms

For most applications, it is not necessary to create an arbitrary waveform with a specific
number of points since the 33220A ARB generator will repeat points (or interpolate) as
necessary to fill waveform memory.

For standard waveforms, and arbitrary waveforms that are defined with fewer than 16,384
(16K) points, the function generator uses waveform memory that is 16K words deep. For
arbitrary waveforms that are defined with more than 16K points, the function generator uses
waveform memory that is 65,536 (64K) words deep.

The 33220A represents amplitude values by 16,384 discrete voltage levels (or 14-bit vertical
resolution). The specified waveform data is divided into samples such that one waveform
cycle exactly fills waveform memory. If you create an arbitrary waveform that does not
contain exactly 16K or 64K points, the waveform is automatically “stretched” by repeating
points or by interpolating between existing points as needed to fill waveform memory.

For the 33220A, you do not have to change the length of the waveform to change its
output frequency.

All you have to do is create a waveform of any length and then adjust the function generator’s
output frequency. However, in order to get the best results (and minimize voltage
quantization errors), it is recommended that you use the full range of the waveform DAC:
from —1 to +1 relative amplitude (or 0 to 16381 [14-bit] DAC codes).

Remember, if you create an arbitrary waveform that includes three cycles of a waveshape
(for example), the output frequency will be three times the value displayed on the function
Ogenerator’s front panel.

When creating arbitrary waveforms, the function generator will always attempt to
replicate the finite-length time record to produce a periodic version of the data in
waveform memory. However, as shown below, it is possible that the shape and phase of a
signal may be such that a transient is introduced at the end point. When the waveshape is
repeated for all time, this end-point transient will introduce /eakage error in the
frequency domain because many spectral terms are required to describe the discontinuity.

Leakage error is caused when the waveform record does not include an integer number of
cycles of the fundamental frequency. Power from the fundamental frequency, and its
harmonics, is transferred to spectral components of the rectangular sampling function. Instead
of the expected narrow spectral lines,
leakage can cause significant
spreading around the desired spectral

peaks. You can reduce leakage errors
/\ /V\ /V by adjusting the window length to
\\/ \/

o o 180 270 360
o an a0 270 3ED

+1

include an integer number of cycles

or by including more cycles within
—— O Gy of Mamory ——br ' the window to reduce the residual

end-point transient size.

Some signals are composed of discrete, non-harmonically related frequencies. Since these

signals are non-repetitive, all frequency components cannot be harmonically related to the

window length. You should be careful in these situations to minimize end-point

discontinuities and spectral leakage.
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About signal imperfections
33220A type ARB generator (14-bit, 50 MSa/s, 64K [or 16K] points) '

For sine waveforms, signal imperfections are easiest to describe and observe in the
frequency domain using a spectrum analyzer. Any component of the output signal, which
has a different frequency than the fundamental (or “carrier”) is considered to be spurious.
The signal imperfections can be categorized as harmonic, non-harmonic, or phase noise
and are specified in “decibels relative to the carrier level” or “dBc”.

Harmonic Imperfections Harmonic components always appear at multiples of the
fundamental frequency and are created by non-linearities in the waveform DAC and other
elements of the signal path.

Non-Harmonic Imperfections The biggest source of non-harmonic spurious components
(called “spurs”) is the waveform DAC. Nonlinearity in the DAC leads to harmonics that are
aliased, or “folded back”, into the passband of the function generator. These spurs are most
significant when there is a simple fractional relationship between the signal frequency and the
function generator’s sampling frequency (50 MHz).

For example, at 15 MHz, the DAC produces harmonics at 30 MHz and 45 MHz. These
harmonics, which are 20 MHz and 5 MHz from the function generator’s 50 MHz
sampling frequency, will appear as spurs at 20 MHz and 5 MHz.

Another source of non-harmonic spurs is the coupling of unrelated signal sources (such as the
microprocessor clock) into the output signal. These spurs usually have a constant amplitude
(<-75 dBm or 112 pVpp) regardless of the signal’s amplitude and are most troublesome at
signal amplitudes below 100 mVpp. To obtain low amplitudes with minimum spurious
content, keep the function generator’s output level relatively high and use an external
attenuator if possible.

Phase Noise Phase noise results from small, instantaneous changes in the output frequency
(“jitter™). It is seen as an elevation of the apparent noise floor near the fundamental frequency
and increases at 6 dBc / octave with the carrier frequency. The 33220A°s phase noise
specification represents the amplitude of the noise in a 1 Hz bandwidth, 10 kHz away from a
20-MHz carrier (-115 dBc/Hz, typical).

Quantization Errors Finite DAC resolution (14 bits) leads to voltage quantization errors.
Assuming the errors are uniformly distributed over a range of £0.5 least-significant bit (LSB),
the equivalent noise level is -86 dBc¢ for a sine wave that uses the full DAC range (16,384
levels). Similarly, finite-length waveform memory leads to phase quantization errors.
Treating these errors as low-level phase modulation and assuming a uniform distribution over
a range of £0.5 LSB, the equivalent noise level is -76 dBc for a sine wave that is 16K samples
long. All of the 33220A’s standard waveforms use the entire DAC range and are 16K
samples in length. Any arbitrary waveforms that use less than the entire DAC range, or that
are specified with fewer than 16,384 points, will exhibit proportionally higher relative
quantization errors. (Note: arbitrary waveform length 2 to 64K points.)

With the 33220A, you can output an arbitrary waveform to an upper frequency limit of 6
MHz. However, note that the usefu/ upper limit is usually less due to the function
generator’s bandwidth limitation and aliasing. Waveform components above the function
generator’s -3 dB bandwidth will be attenuated.

! Signal imperfection for 33120A type ARB generator — see Appendix B.
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About on-line help

The Waveform Editor Help provides the following help books in the table of contents:

- Introduction to the Waveform Editor provides a short introduction to the waveform editor
application.

- Using the Waveform Editor provides task-oriented how-to topics on how to use the waveform
editor.

- Waveform Editor Reference provides a reference topic for each waveform editor command or
dialog box.

Help Topics: Agilent Intuilink Arbitrary Wavefol 2x|

Contents | Index | Find |

Help Topics: Agilent Intuilink Arbitrary Wavefol 2=

Click a topic, and then click Display. Or click anather i coprants | Ides I il I

@ Intraduction to the ‘wavefarm Editor

':EII Using the ‘W aveform Editor Click a topic, and then click Display. Or click another tab, such as Index.
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Cloze I Frint... Cancel
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Ewporting 'waveform Data to Excel
m Wwaveform Editor Reference
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@ Wwaveform Toalbar
@ Supported Data File Formats
@ Menus

@ Dialog Boxes

L<]

Note:
Certain standard dialog boxes such as Communication | Connection or Send; Math |
Filter | Low Pass; Math | Waveform Math; Tools | FIR Filter etc. have a help. Click
on this button, and then click on the area of interest in the dialog box to obtain help
for these dialog boxes.
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Creating and editing waveforms:

SAVE Cut Copy, Paste
New, Open-— RINT Undo, Redo
N N PAVY PRV T RSN e (Fo o= ="
Markers Freehand Standard Zoom SEND
Select and Line waveforms in/out (download)
drawing

Inserting a segment
You can insert standard waveform segments using the waveform toolbar icons. When you
click the desired icon the segment is inserted (with its default parameters) in the active
waveform edit window.

_iglx
g File Edt  Wiew Math Communications Tools SWindow  Help 5] x|
D= e | E} | % B E standard wyaveform segments
W |><|1=iue-u|.f:’r s A LA S = Q@lEUi
trian
Q
+1) Veavetarm:
075 —Parameters
Paint=:
0.5 Amplitude:
Crffzet:
025
Cycles: |1 ill
trﬂ.'llr'.ﬂ hl’l
d I\Wllll ||[ Phase: IDDD ::II
Duty Cycle: [ =l
-0.25 YIS =
Damp Factor: I ill
03 Fero Crossings: |1 i] ill
-0.73 Ok Defaults | Cancel
-1)
Select made | Select |[Stat=0  |Enc=1993 |Points= 2000 |GPIBO:10:INSTR 2

To change the parameters (or waveform) of an existing segment, double-click on the segment
and Segment Parameters dialog box appears.
You can insert standard waveform segments using the menu (Edit | Insert Segment) and
the Segment Parameters dialog box.
You can continue to insert segments to an existing waveform, provided there is room
in the edit window for the segment to be inserted. Segments are always inserted on
the right side of the waveform.
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Drawing an Arbitrary Waveform
Freehand mode allows you to draw any shape that you want, while Line Draw mode
allows you to draw a series of straight lines.
Both Freehand and Line Draw mode may be used anywhere within the window,
except where a standard segment has been inserted. If the window already contains a
waveform segment, the drawing will start at the right edge of that segment.

Selecting (i.e. highlighting) waveform data
You can select all or a portion of a waveform as described below.

Note: Once you have selected the waveform data, you can operate on the data
with one of the Math menu functions, or with Cut, Copy, or Paste in the Edit
menu.

1. To select a standard waveform segment within the waveform:
Click on the small blue triangle above the waveform segment.
Or, double-click anywhere within the waveform segment.
2. To select the entire waveform:
In the Edit menu (or after right mouse click within waveform window), click
on Select All.
3. To select a portion of the waveform:

If you are not already in Select mode, click on the “_| icon in the toolbar (or

from the Edit menu click on Select).

Click the left mouse button at the start of the desired portion of the waveform,
drag, and release the mouse button when the desired area is highlighted. (You
can drag either left-to-right or right-to-left.)

B

Using Markers (click on the * icon)
Markers can be used as guides for freehand or line drawing, or to specify an area of a
waveform to be clipped.
In Marker mode, when you move an X marker, the X marker positions are shown in the
status bar. When you move a Y marker, the Y marker positions are shown in the status
bar.

Use ﬂl Pin Markers to define an area where you can perform freehand or line
drawing over standard segments. You can draw only in the area defined within the
pinned X and Y markers. (Note that any potential discontinuities at the ends of the
freehand area are automatically corrected with straight lines connecting to the original
waveform.)
The pinned markers change color and the handles disappear. You cannot move markers
that are pinned.

Clipping a Waveform: The Clip math function clips the selected waveform data to
the specified Y values. Position the markers to the desired clipping values (click and
drag the triangular handles at the left end of the markers), select the portion of the
waveform, then Clip the waveform (from the Math menu select Clip) to the values
specified by the pinned Y markers.
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Zoom using a ‘magnifying glass’
Allows you to zoom into a specified area of the waveform edit window. Select Zoom
to turn zoom mode on. The cursor changes to a magnifying glass.

ngil TG k Waveform Editor

File E 't Wew 'lath Communications Tools ‘Window Help
Dca..]@wglﬂwlﬁ?
M ST RSN L MA S = QBB

|

Pink WEvEﬁ::rm El:iitl:ll‘
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 Standard Toolbar

v Waveform Toolbar

v Status Bar

Thurnbrail i
v Grid

Zoorm
Zoom In Chrl+Dr
Zoom ok kiU

v Connect Dots
v Seqment Markers

The zoom locator box in the Thumbnail View window outlines the portion of the
waveform currently displayed in the waveform edit window. This box changes as you
zoom in and out and can be moved by clicking and dragging it.

Sample Files
Use File | Open ... or click the File Open icon to open these files. Once open, the
waveform can be edited, inserted, or copied.

& C:'Program Files' Agilent' Intuilink'Waveform G 10| =l

J File Edit View Favorites Tools Help ﬁ
J &iBack - = - | i@ search [ Folders £ History |E‘ LE 5wy | E-

J Address I[:I Ci\Program Files Agilent) IntuiLink)Wavefarm GeneratorlSamplewF j f?Gn

5] Dtmf_0.csv Ech Gake.csv EPUBE 10.csw EStair.csv

%) Dtmf 9. csv Hnaisesine. csv Hlring.csv ) Trapazd.csv
8] Full_rec.csv nonlin_1.csv Sir s ETwnTnne.csv
4% Gausian.csv
B Half rec.csv L |Psk.cov

4 |5m_duky . csy
see: Appendix C

|18 object(s) 3,42 MB = vy Computer 4

Importing waveform from Scope
See: Tools | Import Waveform (Agilent 546xx Scope)
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Performing waveform Math
The Math menu contains several math functions to be performed on waveforms. The
first three (add, sub, and mult) combine two operands (point-by-point) while the
remaining functions performed on a single operand.
Note: The first waveform is the waveform or portion of a waveform that you have

selected (i.e. highlighted) in the active waveform edit window. The second waveform is
either a standard waveform or a waveform that has been copied to the clipboard.

KB Agilent IntuiLink Waveform Editor - [Waveform] x|
File Edit Wiew | Math Communications Tools ‘Window  Help ot 0 ﬂ
- addition ...
D E‘" E | % | 5 |:||I: ||:||-It. | ? Set Cut-Off as multiple of the window frequency. &
_ = _ UBDCracraon ... Cut-Off zetti T 100 will set the cutaff f to 100
* | * |x| i _I MLIltIFIlICEItII:II'I - ]_| A1 .-,JL l.r"-f "\_\_\_ % limes th:fullﬂnc%ign gen::;tosr fre:uc;nc?y. R
I I
| . 1
2 lip Low Pass ...
Absolute Sroathing
Filter » oK Cancel
Windowing Extended Cosine
B33 Inwert Raised Cosine
Mirrar Harmrming
G Resize ...
Expand To Fit

J

The Windowing or the Low Pass filter function always applies to the entire waveform,
whether or not the waveform or a portion of it has been selected.
The Extended Cosine, Raised Cosine, and Hamming windewing functions can be used to correct
for distorted spectral information where there are discontinuities at the end point of the window, or
when the frequency components of the waveform are not harmonically related to the window
length. (More filter ... Tools | FIR Filter.)

By default, the Smoothing filter performs a 7-point moving average. However, you can
change the number of points from the Properties dialog box (from the File menu, select

Properties). e g
frogrmnt paramters =
Example: x | . Clipboard :.:. T
Te_T s = x
Selected Paoints 2000 ; ' \ .—; Resulting Wasvetarm
' a e s ral
JIJI.-" '&H f’ 'h"l.l waor .r:_ f "‘.ll
Jlr | 1'!. a-~r-=_lj II'l.
/ N \ I__, Wi h
° :, L] 3 JI|r
SHY X SHYX L,
1'1)
v Scale ToFit

[8],3 | cancel | Redo Helg

More Math ... Tools | Equation Calculator; Tools | Pulse Maker.
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Send Arbitrary Waveform:

Click on the icon in the waveform toolbar (or select the ‘Send Waveform ...’
command from the Communications menu) to display the Send Arbitrary Waveform
dialog box.
Note:
If you click on the icon or ‘Send Waveform ...” command when no instrument is
connected, the Connection dialog box appears. (See Connecting to Instrument.) Once a
connection has been established, the Send Arbitrary Waveform dialog box appears.

The dialog box provides two tab pages.

Manage Waveforms Tab:
Activate or delete the waveforms currently in the instrument’s memory.

Send Abitrary Waveform x|

Send Waveform  Manage Waveforms |

—\Waveforms on the Instrument

MG, RAMP
* EXP_RISE Delste |

*EXP_FAaLL

* CARDIAC

* pULSE Activate |
BACH

ALDIC

*WOLATILE

* Inclicates & buit-in waweform

Cloze Help

Waveforms on the Instrument:
Lists the available waveforms stored on the instrument.
e To activate one of the waveforms, select its name and click on the
Activate button.
e To delete one of the non-permanent waveforms from the instrument,
select its name and click on the Delete button.
Permanent, built-in waveforms are indicated with an asterisk (*) preceding the
name. These waveforms cannot be deleted from the instrument. Also, you cannot
delete the currently active waveform. (To get around this, activate a different
waveform and then select the one that you want to delete.)
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Send Waveform 7ab:
Specify parameters and then send (download) of the contents of the active
waveform edit window to previously connected instrument.

Send Abitrary Waveform x|

| hanage Waveforms I

—Waveform Parameters

—FReset Parameters
TR EmER (A IJI 000000 % Defaults for Waveform
Amplitude (% p-p: ||:|.1 000
Offzet (Wdol: ||:|.I:IEIIZIIII

" Currert from Instrument

Reset |

—Wigvetform Location on Instrument
% Wolatile Memory

i~ memory Mame: [voLaTILE

—=end to Instrument
% Waveform and Parameters

{ Waveform Parameters Only Send |

Close | Help |

Waveform Parameters:
e Frequency (kHz): The function generator repeat-frequency.
e  Amplitude (Vp-p): The peak-to-peak amplitude of the repeating waveform.
e  Offset (Vdc): The dc offset to the waveform.
Reset Parameters:
Click on Reset to restore the selected parameters:
e  Defaults for Waveform: The default parameters saved with the waveform in the file.
e Current from Instrument: The current parameters retrieved from the instrument.
Waveform Location on Instrument:
e Volatile Memory: Save the waveform in the instrument's volatile memory.
e  Memory Name: Save the waveform in the named location on the instrument.

Send to Instrument:
e  Waveform and Parameters: Send the waveform and its parameters.
e  Waveform Parameters Only: Send only the parameters to save time when the waveform
has already been sent.
Once you have specified all the parameters, click on Send to send the waveform
to the instrument. A message is then displayed with an estimated time to complete
the send operation. (Click OK.)
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Supported Data File Formats:

The Agilent IntuiLink Arbitrary Waveform Editor supports several data file formats,
which are listed below.

Data files can be saved with the Save and Save As commands, and opened with the
Open command from the File menu.

1. Waveform (.WVF) File Format. This is the default format used for arbitrary
waveform files saved using the waveform editor.

2. Comma-Separated Values (.CSV) File Format. This format uses the comma
as the delimiter between columns, and a carriage-return/line-feed to terminate
each row.

- The waveform editor reads .CSV files from Microsoft Excel and other
applications. The waveform editor reads the last column containing data as
the waveform data column to be compatible with Agilent BenchLink Arb
and most other applications including Excel.

- The waveform editor saves .CSV files in a special format, shown below in
an Excel spreadsheet:

A B | ¢ | D | E | F |
Data IMarme Freg (kHz) Ampl VPP Offset (DC) Points
0315165 WOLATILE 2 0.5 n.z2 13577
-0.1919
-0.9704
0.0045
0.9353
0.2413
0.0164
0.6583
0717

O 00| ] [T O b | D0 | R |

—
(|

Row 1 is used to store the column headers. The waveform data points are saved
in the column A, which may be several thousand points in length. Succeeding
columns are used to store the waveform parameters. In our example, columns
B through F store the name, frequency, amplitude, offset, and number of points
in the waveform.

Note:

The .CSYV file format supports only the US English number format, with
periods used as decimal points. This is because the comma is used as the
delimiter. (See Appendix D.)

3. Text (.TXT) File Format. This format puts all of the data points in a single
column, with a carriage-return/line-feed after each value.
If you read the file into Excel, the data points will be in column A, and that
column may be several thousand points in length. This format can be used
with localized number formats (for example, using the comma as the decimal
point).
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4. Text (.PRN) File Format. This format puts all of the data points in a single
row, using the space as the delimiter between data points.
If you read the file into Excel, the data points will be in row number 1, and
that row may be several thousand points in width. This format can be used
with localized number formats (for example, using the comma as the decimal
point).

5. Picture (.BMP) File Format (Save Only). You can save a raster
representation of your waveform in a Windows Bitmap (.BMP) file.
This makes it convenient to include a picture of your waveform in Microsoft
Word or other applications.
However, this picture no longer consists of waveform data. You cannot open a
.BMP file in the waveform editor, and you will need to save your waveform
data in one of the other supported formats.

(Note: There is also a waveform setup file format (. WFG), which is used to save the
current instrument setup for type 33250A ARB generator: File | Save, Load ...)

Printing waveforms:

Click on the @' icon to output a printout using the current configuration.

From the File menu select either Print or Print Preview to display the Print dialog box.
This dialog box provides two tabs: the Preview tab shows what your printout will look
like with the current layout; go to the Page Layout tab page to change the layout.

Prne x|

Preview Page Layout |

Available: Print Lizt:

Waveform(3)

iaveform(Z) Wavetorm
vaveform(3) Al = |
= Remove |

1 per P 1 per P
EI =L L= [ Include Borders

|| o
2 per Page - 2 per Page .
2] per Fag HE per Fag I:‘Fﬁt-nfa.gﬁ....
s BE} ° Ty
gg 4 per Page [5]4] 4 per Pa@; [ vhite Background ’:
.

... “‘
------

i

F——— - gose —
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Tools:

ngilenl: IntuiLink YWaveform Editor

File Edit Wwiew Math Communications | Tools ‘Window Help
O = i | =) | i B2 | x ©  Equation Calculater

- — Agilent FIR Filker
k | Xl Z _-| ‘I'? - n""' f\""' Agilent Arb Pulse Maker

= Import Waveform (Agilent 54 Import Waveform {agilent Infinium Scope)

Irnport Wavveformn (Agilent S46
— | | |

Tools | Import Waveform (Agilent 54622A Scope)
From the Tools menu, select Import Waveform (Agilent 546xx Scope) to display
dialog box. The dialog box provides two tab pages. From the Waveform fab page
you can specify parameters for importing a waveform. From the Connect to
Oscilloscope tab page you can establish a connection to your oscilloscope.

. Agilent 5465k Scope Wavelorn I ] 4 i, Agilent 546xx Scope Waveforn =3 x|
Wiavetarm | Connect to Os=cilloscope I Wigveform | Connect to Oscilnscope |

O=cilloscope Address

Currently Connected To C=cilloscope
’7IGPIEID::?::INSTR

GRIBD: 7 INSTR

Connect to Oscilloscope

Channel I‘I
]v

Mumber of Poirits m

100 T
[~ Always acouire nev waveform 250 PG 10 NSTR
=00
oK | 2000 |
« |
My Computer Bppoted.
Eba) | icoremat I Connected

e | Gancel |

Waveform 7Tab:

- Currently Connected Oscilloscope: Shows the address of the currently connected
oscilloscope.
If no scope is connected, go to the Connect to Oscilloscope tab.

- Channel: Specify the oscilloscope channel to import.

- Number of Points (Agilent 546xx only): Specify the number of points to import.

Connect to Oscilloscope 7ab:
The Oscilloscope Address is shown. To connect an oscilloscope, click on the Connect to
Oscilloscope button. The Connection Dialog box appears.
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Tools | Equation Calculator
Creates noise waveforms (see: next page) or waveform from mathematical
expressions (see: Appendix E). Use the View page to verify that you’ve built the
waveform you want.

Selection | Equation I iew I &boutl

ol il
nt Equation Calculator i [m] 3]

§e\ectiun| Equation  Yiew | ﬂbuutl

Total number of
Paints: 15

Mumber of Points: Iﬁ ~Select waveform source——————— IW o
.|
Minimum, masximum, values © wie unifarm noise Amplitude: . ‘fl
 Oto+1 £~ White normal noise e . L fm M
f* -1to+1 " Pink noise o “w WH

 -1tan + Random walk

"~ Equation Selecked poink

i Brown noise: [~ Show points 0.z 0.4 0.6 0.8 1

Help Cancel

Help | QK | Cancel |

Select Waveform View Waveform

In the Selection tab, select the number of points required and select either
Equation to creste & waveform from an eguation, or select one of the noise
types available.

Preview

You previewy the waveform by selecting the Wiew tab.

Selected point

You can read the x-axis value and the corresponding amplitude on the line graph
by carefully clicking the mouse curser on & graph point. For steep vertical lines
ry several spots on the line since you must hit one of the points availsble

Maximum and Minimum value

The minimum and maximum value can be ether 0 to+1, <1to 0 or -1 to+1.
When selecting —1 10 +1 the zero value is preserved and only one polarity may
have a maximum of =1 ar +1.

Fourier Transform

m o A q m B Rrr Select AR-F or right click on the chart to creste a simple plot of the frequency
White uniform noise Crestes noise whose amplitude iz equally distributed.
s aualy domain. A dialog will pop up. Enter the highest required frequency on the

White normal noise  Moize whoze ampltude iz normally (Faussian) frequency plot. The higher the frequency, the longer the computation will take.

distributed. Caution: The frequency plot is an ideal. The actual spectrum on the Function
Pink noise Moise with a 1/ freguency distribution. The noise falls Generator will have a higher noize floor depending on the resolution of the: digital
off in frequency st 10dB/decade. R CR- Lo vt e o e g - e
Random Walk Moize where each subseguent poirt iz created by Copy
adding & random number to the previous point. i i .
R L Right click on the chart to copy the data and picture of the waveform or the
Brown noise Same &z Random Wallk, except that the end point is Fourier tranzform to the cliphoard. “ou can then Paste the data into Excel or
farced to zero to avaid & step at the end of the data Word. Use Paste Special... to paste the pict
SB{.Frequenc'y’fallSfoatQUdEl."deCade. -n ssssmmmnEn sEsssEmEmEEn LT EEsEEEEEEEEEEEE

Click on OK totransfer the wavefarm to the Waveform Editor.

EB agilent Equation Calculator SIEL |
- rrrr—— _oix

Selection  Equation |!|ew| ﬂboutl §e\ectiun| e | I A_bout'

Equation:

Tatal number of
ISin(ZD*w+1DX2*CDS(2*wJ I Poinks: 10

4000

Selected paint

=
]

Wariable var:

Amplitude:

]

Double click or drag ta place at cursar:

Sample: Function: Cperatotr: Equation

Gaussian ;l Abs() - 1] ;l Use the Equation tab to create & waveform from 8

Ringing square wave ArcTan() pi,(3.1416) mathematical expression. Be sure to select Equation in the

TModulation, AM Eosg T, (time 0-1) Selection tab.

*p ; ™ show poif 1

Modulation, phase - Fact() ke (Z*pl*t.:,J

Modulation, pulse width Moisei 1), uniform war, (variable) | ———— ‘voucan create sample equations by first erasing the

RecHfied. Full wawe LI Mlrisad 10, normal j il Help Equation fizld and then double clicking on one of the Sample &
_ descriptions. Create your own eguation by entering any of

the functions or operators showen in the Function and
Operator list boxes. You can double click onthe list box to
LD 2 e plce the function o operstor at the cUFsor In the Equation or
var figld. &fternately you can drag the function or operator to

the Equation or var field and place it to a position of your
choice.
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Examples: “colors of noise”

Many test of electronic equipment and components use white noise, pink
noise or Brown noise. The figures show the four of noise plotted and
Fourier transformed with Equation Calculator (4000 points)

pink, 1/f (-10dB/decade)

0s hf .I.I

i}

A0

=20

30

-40

50 4

. M L’"V’

60 } -
70 r

Brown, 1/f* (-20dB/decade)

-80

W. Haussmann: Create noise and signals with software
Test & Measurement World, Sept. 2002. WEB site: http://www.e-insite.net/tmworld/
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Tools | Pulse Maker
Creates pulse waveforms with variable rise/fall time. The shapes for the rise/fall
times can be Linear, Exponential, Half-Cosine or Gaussian.
Intended for use with slow (> 100 nsec) rise/fall times.

™ agilent Pulse Maker x|

Pulse | Pulseghapel iew pulsel About |

— 1 mHz to S MHz

— Select Pulze polarity: Timing
' Fosilive Pulse Pulse width: 00
¢ Negative Pulse . | : " 33220A: max 64K points
e : (33120A: max 16K points )
—Masimum, Minimum values————— Pulse period: 1 iz
A pgilent Pulse Maker x|
® <l aull Bulse | Puise Shape  iew puse | gbout |
41 and -1
Tatal number

 Oand-1 Mumber of Points: 5000 of paints for Pulse: 10 /

5243
4|HE‘D .

0s

Selected point

Amplitude 0o
™ agilent Pulse Maker I /
Pulse  Pulse Shape | Wiew pulsel About I s
~ Leading Edge i~ Trailing Edge 10
131usec 262user Adusec Gefusec Bifusec
" Linear " Linear
i Exponential {* Exponential Help | oK | Cancel
" Half cosine " Half cosine View Pulse
% Gaussian " Gaussian Chart
You preview the pulse by selecting the Yieww Pulze tab. This
viewy iz of the pulse only and does not give the perspective
Leading Edge time: 100 LzET Trailing Edge time: I 10 LzET of the pulse in relation to the repetition rate.
Selected point
[~ Trailing edge the same as Leading edae “ou can read the time and the corresponding amplitude on
the line graph by carefully clicking the mouse curser on a
pulze poirt. For steep vertical lines try several spots on the
Help | oK | Cancel line since you must hit one of the points available.

Pulse parameters Pulse Shape

Select the parameters of the pulse. Linear

Thiz will make the rize or falltime a straight line. The rise time will be st the 10% and 90%
levels. The actual width of the edge will he 1.25 times the rise/fall time.

Polarity Exponential
Select posttive polarity for a rising leading edge. Select This: will make the fise ar falltine an exponential decay with 5 time constants. The rise/fall
. . . y time will be at the 10% and 90% levelzs. The actual width of the edge will be 2.3 times the
negative palarity for a faling leading edae of the pulse. riseiall time
Half cosine

Timing
Enter the pulze width in micro seconds. The pulse width must
be less than the period of the repetition rate or frequency.

This will make the tize or talltime one half of & cosine function. The rise/fall time wil ke at
the 10% and 90% levels. The actual width of the edge will be 1.7 times the rizeffall time.

Gaussian

Thiz will make the rize or falltime a Gaussian function. iz the integral of the Gaussian

Fre':luenw (Marmal) function (POF). The maximum siama of the function iz 3.5 at which point the value

Enter the repetition rate or freguency in KHz. iz erther_ Oor1. The rlse.i‘fal! time W!\I be &t the 10% and 90% levels. The actual width of the
edge will be 2 7 times the riseffal time

Time
Maximum and Minimum value

. i Erter the rise and fall times in micro seconds. This will determing the steepness of edyes.
The and minimum value can be either +1, 0 or =1 The actual The sum of the two edges can not exceed the pulse width time. If the sum of the ful width

value will he determined by the ArbyFunction generatar of the two edges exceed the pulse width specified, the resulting wicth wil be greater than
settings.

intended. The resulting pulze will have a complete leading and trailing edoge with one point st
the maximum value hetween the two edges.

Note: after saving in a file, you can export (download) the pulse waveform with ‘Reset parameters’ in
‘Send waveform’ tab to ‘Default for Waveform’.
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Tools | FIR Filter

FIR filter Tool requires data in the active waveform edit window! When you click
OK in any tab, the tool will apply the selected (Kaiser or moving-average) filter to the

data and then plot the filtered waveform.

Filter type | Parametersl Frequency response I About I

=10l x|

Fiter typs| Paramsters  Frequency response | About |

=10]x]

0K

Help |

FIR Filter Frequency Response

Caricel

of filter terms

[ Agilent FIR Filter

Filter type  Parameters | Frequency response I About I

| Cutt off [fi]
I 03

Transition [ft]

% ripple 02

Set fraction of sampling frequency [fs]

feffs

ftéfs

Thiz iz the number of calculations made for each data point.
= Thiz number must be less than 2 times the number of points
availahle .

Selected point

Youw can read the freguency and the corresponding amplitucde
on the line graph by carefully clicking the mouse curser on a
graph point. For steep verical lines try several spots on the
line zince you must hit one of the points available.

Note: number of filter term (N) increases
as you shorten ft, which creates a sharper

T ft
trarsition

[z =5

% ripple:

transition.
But N increases only as the log of the
ripple increase.

— Select type: — Frequency scale Murnber fiter tems
l—g 10
= Low pass {* Show frequency as a fraction of zample frequency a
10 1
& High pass = Show frequency as a multiple of window frequency :20 I/
30
7 Moving average — Destination: 40 '\\ /-\‘ /
0
f+ tModify existing graph -
¥ Momalize data to +1 or -1
= Make new graph -0
a0
0.1 0z 03 04 05
Help I Ok

Help |

0K

FIR Filter Type

Select type

Select the type of filter you need. Use Low Pazs to remove
unwvanted high freguency noise, Use the High pass to sttenuate a low
frecuency signal.

The maoving average will smoath single point peaks and valleys
sithout irtroducing ringing.

Fregquency scale

Zelecting Show frequency as a fraction of sample frequency
will normalize the fregquency scale from 0 to 0.5, Show frequency
as a multiple of window frequency wil show the frequency
zale from 0 to one half the number of poirts in the data. The numbers
may be used as the multiplier of the function generator frequency
zetting.

Destination
Choose Make new graph to create a new document and save the
old document.

FIR Filter Parameters

Low Pass, High Pass

Select fo for the cut off frequency. The number of fiker terms iz independent of
thiz setting.

Select the transition frequency (ft) to determine the slope of the cut-off. The
tranzition wicth determines the frequencies outzide the ripple specification. Thiz
=etting has the grestest impact on the number of fiter terms or calculation time.
Select the ripple in per cent to determine the sttenuation in the stop band, and the
flatness in the pass band. The ripple specification applies to the frequency
values = fo —0.5f and = fo + 051

Moving Average

Select the number of points used for the modified moving average. The actual
number uzed is always an even number. Fz is the frequency where the first
zero occurs and iz & function of the number of points.

Remarks

‘When the setting iz Show frequency as a fraction of sample frequency the
frequency scale iz expressed as a fraction of the sampling frequency (1number
Pointz). This number is always less than 0.5,

‘When the settings iz Show frequency as a multiple of window frequency
the frequency scale is expressed as a multiple of the window frequency.

W. Haussmann: Filter your data in software
Test & Measurement World, April 2002. WEB site: http://www.e-insite.net/tmworld/
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Appendix:
(A) Parameters for all Waveform editor Windows: File | Properties ...

33120A type ARB generator: 16K points and 12 bits resolution
33220A type ARB generator: 64K (or 16K) points and 14 bits resolution
33250A type ARB generator: 64K points and 12 bits resolution

. [ Agilent Intuilink Waveform Editor - [

o File Edit Wiew Math Communication:

Waveform Defaults ] E Mew Chrl+h
——  Open... Chrl+O
Points: — Guantization 3 Close
I 16000 fits: B
= Save ... Ctr+s
12 =1 [~ Saveas
W S rts Mark
o S Bl v Restrict to Levels Save all
[¥ Connect Dots -
. —Math I Save Agilent 33250 Setup
v Grid O e Load Agilent 33250 Setup
[~ Expand To Fit .
I? =
Print Presview ...
Prink Chrl+P
Exit
O Cancel | Arply,
o =]

Help Topics Back DOptiohs 14 a3

Properties Dialog Box

Fram the File menu select Properties to display the Properties dialog box.
fou can set the following parameters for all waveform edit windows:

*  Points: Sets the waveform edit window width as a number of paints. (The range is
8- 65,536 points.)

+ Segment Markers: Vhen checked, each waveform edit window displays segment
markers (small blue triangles) in the top ruler above the waveform.

+ Connect Dots: When checked, each waveform edit window displays a "connected
dots" waveform. That is, the dots are connected to form a continuous waveform.

¢ Grid On: When checked, each waveform edit window displays a grid.

* Expand to Fit: When checked, the waveform expands to fit the window
horizantally, As you insert waveform segments the window width is set to match
the wavefarm so that the wavefarm always exactly fills the window on the
horizantal axis.

* Quantization: Each point is quantized as an integer of the specified number of
bits (for example, as a 12-bit long integer), and then normalized to 2 real number,

- Bits: Sets the number of bits for the guantization of each waveform point.

- Restrict to Levels: YWhen checked, the normalized points are rounded to
specific levels supported by the bits of quantization. YWhen not checked,
normalized points may fall outside these levels. Check this option for
accuracy. Uncheck this option for slightly higher calculation speed.

There is just one Math parameter: Smoothing. The Smoothing (Math henu) filter
function applies a 7-point moving average by default. However, you can set the
Smoothing parareter to any odd number of points in the range 3-99.
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(B) About signal imperfections - 33120A type ARB generator (12-bit, 40 Msa/s, 16K)

Most signal imperfections are easiest to observe in the frequency domain using a
spectrum analyzer. Sampling theory predicts the location and size of spurious signals
resulting from the sampling processes used by DDS generators.
In fact, since DDS generators use a fixed sampling rate (40 MHz for the 33120A), spurious
signals can be removed with a fixed frequency “anti-alias™ filter.
A 17 MHz, ninth-order elliptical filter providing a sharp cut-off (in excess of 60 dB attenuation for
signals greater than 19 MHz) is used for sine wave outputs. A 10 MHz, seventh-order Bessel filter
is used for non-sine wave outputs. The Bessel filter provides slower amplitude roll-off for anti-
alias filtering, but maintains linear phase response to minimize shape distortion for complex
waveshapes. The 33120A automatically selects the appropriate filter when the output function is
selected.
All digital-to-analog converters (DACs), including those used in DDS generators,
produce spurious signals resulting from non-ideal performance. These spurious
signals are harmonically related to the desired output signal. At lower frequencies, the
33120A’s 12-bit waveform DAC produces spurious signals near the -74 dBc level
(decibels below the carrier or output signal). The 33120A uses the complete vertical
resolution (N=1) of the DAC for all internal waveshapes, thus minimizing amplitude
quantization error.
At higher output frequencies, additional DAC errors produce non-harmonic spurious outputs.
These are signals “folded back” or aliased to a frequency within the signal bandwidth. A “perfect”
DAC will also produce a wideband noise floor due to amplitude quantization. The noise floor for a

12-bit DAC will be near the -74 dBc level; this corresponds to a noise density of -147 dBc/Hz for
sine wave outputs > from the 33120A.

Amplitude Quantization = — (20 xlogy,( M x 4096 ) +1.8 ) dBe

where "W" is the fraction of availeble DAC codes used to describe
the signal waveshape (1< N < 1),

Another type of waveform error visible in the frequency domain is phase truncation
error. This error results from time quantization of the output waveform. Whenever a
waveshape is described by a finite number of horizontal points (length), it has been
sampled in time (or quantized) causing a phase truncation error. Spurious signals
caused by phase truncation introduce jitter into the output waveform. This may be

regarded as time (and phase) displacement of output zero crossings.
Phase truncation causes phase modulation of the output signal which results in spurious harmonics
(see the equation below). For lower output frequencies, the phase accumulator periodically does
not advance RAM addresses, causing the DAC to deliver the same voltage as recorded on the
previous clock cycle. Therefore, the phase “slips” back by 360°/ points before continuing to move
forward again. When RAM address increments are the same on each cycle of the output, phase
truncation error (and jitter) are essentially zero. All standard waveshapes in the 33120A are
generated with at least 16,000 waveform points which results in spurious signals below the wide-
band noise floor of the DAC.

Fhase Truncation Harmonics < 20 % l0gy, (F) dBe

where "P7is the number of waveform points in RAM.

2 The noise power is normalized to a 1 Hz bandwidth by simply subtracting
10 -108(f,pre /2) =10 - log(40 - 10°/2) =73 from the SNR value.
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(C) Sample files:

File name Description Size (N° of points)
Telephone Dual Tone Multi-Frequency
Dtmf 0.csv (DTMF) Signal — Key-0 (really: Key *) 8K
— Send : 10 Hz
Telephone Dual Tone Multi-Frequency
Dtmf 9.csv | (DTMF) Signal — Key 9 8K
— Send: 10 Hz
Full rec.csv Full wave rectified sine wave 8K
. Gaussian pulse created in Mathcad
Gausian.csv and imported 8K
Half rec.csv Half-wave rectified sine wave K
74HC family digital signal, captured
HC_Gate'CSV and imported from HP BenchLink/Scope 4K
NoiseSine.csv | Sine wave with high frequency noise added 8K
nonlin 1. Sine wave with third harmonic distortion
0 _L.CSV (Fourier synthesis) 8K
Pk Spike.csv Sine wave with spike added to each peak 8K
Psk.csv Phase Shift Keying modulated signal 8K
Pulse 10.csv 10 level sine wave approximation 8K
. Square wave with ringing
Rll’lg.CSV (Fourier synthesis) 4K
Scr.csv Quarter cycle SCR signal 8K
Serial.csv 11-bit frame of serial data 4K
0.1% duty cycle square wave signal
Sm_duty.csV | gend: 100 He 4K
Stair.csv 10 step staircase ramp signal 8K
Trapazd.csv Trapeziodal pulse ** 4K
Two tone signal for intermodulation test
TwoTone.csv | gend: 70 1y 8K

** Example: if you cut the /ast 1K points from a ‘Trapazd’ segment, you get a

50% duty cycle trapezoidal pulse series with the following spectrum:

0r—

[dB]

—20

40)

—60)

—80

Send (download): 1 kHz

Oscilloscope screen image
with IntuiLink Toolbar

(for Word):

papay@hit.bme.hu

Agilent Technologies

0
-13.1 [dB]

~28
"33.8
~32.1
“a1.7
446
“a1
~49.2

[e[~[ef<[=]7

-
-

== -
Nja|w

AX = 2.0kHz )

AY(M) = -13.13dBV
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(D) Exporting waveform to Excel:

If you want to export waveform data from the waveform editor to Microsoft
Excel, you can save the data as a .CSV file. Follow these steps:

1. Create and edit the waveform to be saved.

2. From the File menu, select Save As. The Save Waveform As dialog box

appears:

a. Enter a name in the File Name field.
b. For Save as Type, select CSV (comma delimited) (*.CSV).
c. Click on Save to save the file. The .CSV extension is appended

to your file name automatically.

3. The file is now saved as a .CSV file, and can be read into Microsoft Excel.

Note:

Agilent IntuiLink Waveform Editor _ Ol x|
File Edit “iew Math Communications Tools ‘window Help
Save Waveform As ... 2lxl

Save in: I {5 Waveform Generator

1Doc

I Examples
™ Help

[:I Res

|1 SampleWF
|1 Taols

R I s =

File: narne: IWa\reform j Save I

Save as type: IIntuiLink ' awefarm [*.wevf)

1
FRM [zpace delimited) [*.prn)
Ficture [bit map](* brp)
All Files [*.%]

Select mode | Select |¥=5228 [¥=0888 [Length= 2000 Disconnected|

The .CSV file format uses the comma as the delimiter. Therefore, the European
localized number format cannot be used, with commas as the decimal point.
However, the waveform editor also can export files in the .TXT file format, which
does support localized number formats (see Supported Data File Formats).

papay@hit.bme.hu
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(E) Waveform: Equation ( Amplitude: -1 to +1, Total number of points: 4000 )

Operator menu: +, -, *, /, * (raise to the power), (, ) — parentheses, pi (3.1416),
t (time 0-1), w (2*pi*t), var (variable), 1 = 1E1 — numerals
Function menu:
Abs(), ArcTan(), Cos(), Exp(), Fact(), Ln()
Noise(1) uniform, Noise(10) normal
Point(), Sin(), Sqrt(), Step(),Tan()

Sample menu:

Time reversed step
(Step Down),
alternate: —Step(t-.5)

- Step, rise: Step(t-.5) Step, fall: Step(.5-t)

Step function creates a unit step at the location
specified by the argument (or function)

Step at point 1000: Step(t-Point(1000))

Pulse, alternate: Step(var)-Step(var-0.2)

" Pulse 20% duty cycle: Step(var)*Step(0.2-var) var = t-.5

~ Pulse negative: Step(var)+step(-(var+.2)) var=.5-t

Step function accepts other functions, f(t), as an argument:
Step(f(t) > 0) = 1, and Step(f(t) < 0) =0

Pulse train: Step(Sin(5*w)), pulse frequency: 5

4 Sine, 45deg offset: Sin(w-pi/4)
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Sine, burst: Step(var)*Step(1/10-var)*Sin(10*2*pi*var)
var = t-.4

Sine, burst 3 cycles: Step(var)*Step(3/10-var)*Sin(10*2*pi*var)
var = t-.4

Noise(5): the argument “5” tells Equation Calculator to take the average

. S S —] of five random values and use the result for the value of the noise( ) function.
& /+\ —1 Note: averaging a random set of numbers produces a Gaussian distribution,
2 i which produces a more realistic noise signal then pure white noise.

Sine with noise burst: Sin(w)+Step(.01+var)*Step(.01-var)*Noise(5)
var = t-.25

Sine(x)/x: Sin(5*w)/w

=
=
o

3
-
-
—

Impulse: Sin(25*var)/var var = 2*pi*(t-.5)

-

b
5l

E
b

Impulse, windowed: (1-cos(w))*Sin(25*var)/var var = 2*pi*(t-.5)

Ramp: t ) Ramp, negative: .5-t

Ramp, partial: Step(var)*Step(.3-var)*var var = t-.2
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el | !
Exponential, decay: Exp(-5*t) Exp, rise: 1- Exp(-5*t)
ol
ol
M,
SN A A
b W TR VALY, R
eoflE ¥ B
o
Damped Sine: Exp(-5*t)*Sin(10*w)
Iy Gaussian pulse: exp(-0.5*((t-Tm)/To)"2)
Tm — time location of center or “mean” of Gaussian pusle
To — half width of Gaussian point corresponds to standard deviation
Gaussian: Exp(-.5*((t-.5)/.1)*2)
" e

Ringing square wave:

Step(-var)*(.2*Exp(-15*t)*Cos(50*w)+1)-Step(var)*(.2*Exp(-15*(var))*(Cos(50*2*PI*(var)))+1)
var = t-.5

Modulation, AM: Sin(20*w)*(1+0.75*Cos(2*w))
: dn Jn
| Modulation, frequ.: Sin(20*w+10/2*Cos(2*w))
M
i : . s
Modulation, phase: Sin(20*w+pi*Sin(2*w))
Modulation, pulse width:
step(sin(20*w+var*cos(1*w)))*step(sin(20*w—+var*sin(1*w)))
var = pi/2
{_‘n M\ NN
HENATIEAEE
Rectified, full wave: Abs(Sin(3*w))
papay@hit.bme.hu
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Window, extended cosine bell: 2-(1+cos(5*w))*(step(.1-t)+step(t-.9))

Window, half cycle sine: sin(.5%w)

Window, Triangle: .5+var*Step(-var)-var*step(var) var = t-.5

Window, Hanning: 1-cos(w)

Window, half cycle sine”3: sin(.5%w)”3

Window, Parzen:

Step(var)*Step(.5-var)*(1-6*(2*t-1)"2+6*abs(2*t-1)"3)+2*(1-abs(2*t-1))*3*(step(-var-
point(1))+ step(var-.5-point(1)))
var = t-.25
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Examples:

A Lorentz pulse: 1/(1+((t-Tm)/To)*2)
Tm — time location of center
/' I To — half width @ 50% amplitude

Lorentz pulse: 1/(1+((t-0.5)/0.1)*2)

Sine”3: Sin(w)”3

PAM (pulse amplitude modulation): t*step(sin(7*w))

Sine amplitude sweep: t*sin(7*w)

1] LIN sweep: sin(2*pi*Fs*t+pi*(Fe-Fs)/Ts*th2))
| JV q . Fs — start frequency, Fe — stop (end) frequency, Ts — sweep duration

Linear frequency sweep: sin(10*w+pi*(20-10)/0.5*t"2)

I

LOG sweep: sin(2*pi*(Fs/K)*(exp(K*t)-1)), K= In(Fe/Fs)/Ts
Fs — start frequency, Fe — stop (end) frequency, Ts — sweep duration

=1
—

- Logarithmic frequency sweep:
sin(2*pi*(10/var)*(exp(var*t)-1)) var =In(20/10)/0.5

Multi-tone: cos(w)+cos(2*w)+cos(3*w)

- Test signal (bandwidth limited square wave):
sin(w)+0.24*sin(3*w)+0.07*sin(5*w)+0.0125%sin(7*w)
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Combined sine and straight line: sin(1E1%w)-2*t

Fourier transform:
Modulation: sin(w)*cos(3E1*w)

— 4 4

Fourier transform:
100 cycles of sine Amplitude Modulated with 10 cycles of sine with a modulation
depth of 20% (note: upper and lower sidebands are defined separately and added
to the carrier): sin(1E2*w)+.2*cos(1.1E2*w)-.2*cos(.9E2*w)

.
i | 1]
«

Fourier transform:
FM broadcast stereo composite signal: left channel, sine, 1 kHz
0.5*sin(w)+0.1*sin(19*w)~+0.25%sin(37*w+pi/2)+0.25*sin(39*w-pi/2)

V.

JITN

20% second harmonic distortion: sin(w)+.2*sin(2*w)

VTN

Disturbance on an AC waveform (note: the disturbance is decayed
400Hz sine on a 50Hz signal): 1.2*exp(-t/.13)*sin(400/50*w)+sin(w)

Chopped sinewave: sin(w)*step(sin(10*w))
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Create noise and signals with software

Werner Haussmann, Agilent Technologies, Loveland, CO -- 9/1/2002
Test & Measurement World

This article appeared on the Test & Measurement World web site at www.tmworld.com.

Arbitrary waveform generators (AWGs) and other instruments with programmable analog outputs
often let you use equations to create waveform points. Math functions in equations let you create
"perfect" waveforms, without disturbances or noise in the signal. Often, though, you need to
produce noisy waveforms to test a product's immunity to disturbances, or you need to produce

noise signals to test your product's frequency response.

Recently, | needed to generate numerous waveforms, both clean and noisy. | also needed to
create noise signals. | created an ActiveX software component that lets me calculate waveforms
with equations. It also lets you create white noise, pink noise, and Brown noise. "Types of noise"
(below) provides descriptions and sample plots of each noise type.

The software component, called Equation Calculator, displays
the waveform in the time domain or in the frequency domain.
Equation Calculator works with Visual Basic (VB) version 6 and
.Net, and I've made it available to you at no cost. (See
"Download instructions" for a link to the download page.)

Manual and automatic

The Equation Calculator has both a graphical user interface
(GUI) and an applications programming interface (API), so you
can operate it manually or as part of an application program.
To open Equation Calculator's GUI, you need some code
because Equation Calculator is an ActiveX software
component; it's not an ActiveX control that you can use by
dropping it into a VB form.

Use the GUI to build and view your waveforms, then use the
API to apply your waveforms to an automated test. | won't
discuss equations for creating waveforms in this article. If you
need some examples, see "Equations shape AWG waveforms"
in the May 2001 issue of Test & Measurement World (Ref. 1).

Download instructions

To get the Equation Calculator,
go to Agilent |
33120A/33220A/33250A
Function/Arbitrary Waveform
Generator Equation/Noise
Add-in. In the Software section,
click on "33120/250A Equation
Calculator Add-in." There, you
can download the Equation
Calculator ActiveX component.
You need Visual Basic 6.0
installed on your computer for
the ActiveX component to
work.

If you have an Agilent
33120A/250A waveform
generator, then you can use
Equation Calculator as an add-
in for the Agilent Waveform
Editor application. Once
installed, you can access the
Equation Calculator's dialogs
from the Tools menu.


http://www.home.agilent.com/cgi-bin/pub/agilent/editorial/cp_MiscEditorial.jsp?NAV_ID=-11267.536883183.03&LANGUAGE_CODE=eng&OID=536954968&ID=74670&COUNTRY_CODE=US
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http://www.home.agilent.com/cgi-bin/pub/agilent/editorial/cp_MiscEditorial.jsp?NAV_ID=-11267.536883183.03&LANGUAGE_CODE=eng&OID=536954968&ID=74670&COUNTRY_CODE=US
http://www.home.agilent.com/cgi-bin/pub/agilent/editorial/cp_MiscEditorial.jsp?NAV_ID=-11267.536883183.03&LANGUAGE_CODE=eng&OID=536954968&ID=74670&COUNTRY_CODE=US
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Figure 1. Use a free ActiveX component to
Using the GUI, you create equations by generate waveforms such as this sine wave with
selecting samples, functions, and operators noise.
from three menus (Figure 2). The Sample

menu provides a selection of waveforms B assicnt Equation Calculator x|
such as a sine wave burst, sine wave with goiecton Equaton | iew | bout

noise, damped sine wave, amplitude- E::Jrﬁi?mqept.u:wurl'st,epr.-u:--:ur: THaiaw (5)

modulated carrier, frequency-modulated

carrier, and square wave with ringing. The varabierar. [ +3%

Function menu includes trigonometric

functions, white noise, a step function, and Dintsla click or drisg 10 piace ak cursor

a square root. You can use the samples, mzﬁmu — 3 ’:::"‘“ i .

functions, and operators to create complex
waveforms. An equation field lets you see
and edit the equation. The Variable field
displays an independent variable, usually
time, associated with the waveform
equation.

Sine, bursl
2ine, burst 3 cptles

Figure 2. Menus let you build equations that
The Equation field in Figure 2 shows a represent waveforms.
function called noise(5) that lets you add
white noise to any equation. The argument "5" tells Equation Calculator to take the average of
five random values and use the result for the value of the noise() function. Averaging a random
set of numbers produces a Gaussian distribution, which produces a more realistic noise signal
than pure white noise. The equation in Figure 2 multiplies the product of two step functions by the
average of five random values. It then adds that result to a sine wave to produce the noise spike
in the waveform in Figure 1.

After you enter an equation or select a noise signal, use the View tab to see your waveform. If
you right-click on the waveform plot, you can either copy the plot and data to the clipboard or you
can select "Fourier Transform" to view the waveform in the frequency domain. To use or store the
waveform's data points, paste the data to Excel and then to a file, or use the component's API in
VB.

Activate the ActiveX

When you download and install the Equation Calculator component, you must first reference it to
your VB project and write some code that activates it. To reference the component, use the
Project menu, and select References. Check the box Agilent Equation Calculator Add-in and
select OK. To activate Equation Calculator, you need a VB program that contains code such as



that in Listing 1. | suggest that you create a VB project, add a command button, and place the
code from Listing 1 into the button's code area. Run the project. Click on the button to activate
Equation Calculator's GUI.

Once you activate Equation Calculator, try building a few waveforms to get a feel for how it works.
Use the View page to verify that you've built the waveform you want. Once you complete your
equation, copy it so you can paste it into your VB code.

Listing 2 shows how to use Equation Calculator, through its API, to create a waveform with an
equation and place the data points in a variable. This code will create the data points for a 1000-
point sine wave and store the points in the variable "data." In the code example, w represents
radians, or 21t, where t ranges from 0 to 1 in increments of 0.001.

Note that the method EquationWaveform has three arguments. The first argument contains the
equation. The second argument contains the number of points in the waveform. The third
argument, breakpoint, identifies the character position of an equation-string error. For example, if
you typed "Sun" instead of "Sin," the argument would return the position of the syntax error.
That's useful for debugging your code.

Equation Calculator also lets you create noise signals through its API. In Listing 3, the object equ
contains a property called NoiseWaveform that uses two arguments. The first argument selects
the type of noise that you want to generate, and the second sets the number of points in the
signal.

Table 1 lists the types of noise and their programming codes.

The example in Listing 3 shows the code for creating a 1000-point signal that simulates white
noise.

Using the code examples in Listings 2 and 3, you can create a waveform and store its points in
an array. You then can use VB to save the array to a text file or import the data into an AWG or
other programmable analog output instrument.

Table 1. Programming codes for noise waveforms

Programming Code | Type of Noise:

White noise with uniform distribution
White noise with Gaussian distribution
Pink noise

Random walk

Brown noise

A WN =
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Types of noise

Many tests of electronic equipment and A
components use white noise, pink noise,
or Brown noise. The figure shows the

four types of noise plotted with Equation

Calculator.

With white noise, any amplitude is as

likely to occur at any point as any other | L th r'F' \l'llh . ﬂw

amplitude. The power spectrum of white [ I ‘J'“’

noise is, therefore, independent of
frequency (it has a flat frequency
response). You easily can create white

noise in software by using a random- Clockwise from upper left, random white noise,

number generator. Software random- Gaussian white noise, brown noise and pink noise.
number generators will produce random

numbers between 0 and 1, which you often need to shift to between —0.5 and +0.5 so the
amplitude of the noise centers at about zero.

Unfortunately, white noise doesn't necessarily represent any naturally occurring phenomenon.
More often, you want a Gaussian distribution of power so most of the points have a value near
zero. Every now and then you want a point with a value of £0.5, which a Gaussian distribution
will give you. White noise with a Gaussian distribution is also called "normal white noise."

Pink noise, also known as 1/f noise, is used in audio testing. It has an even power distribution
when you view frequency on a logarithmic scale (Ref. 1). Pink noise has the same power in the
octave 200 Hz to 400 Hz as it does in the octave 2000 Hz to 4000 Hz, which makes it sound
natural to our ears. It's frequency power spectra rolls off at 10 dB per decade, or approximately
3 dB per octave.

With brown noise, the integral of white noise, each point in the waveform depends on the value
of the previous point. Each value moves slightly from its previous position, up or down, in a
random fashion, or "random walk." You create brown noise by adding a random number to the
previous value. Brown noise has a frequency spectrum of 1/f 2and has a power density roll-off
at 20 dB per decade (6 dB/octave). The name "brown noise" comes from the Scottish botanist
Brown, as in Brownian motion, not the color brown (Ref 2).

References
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2. Schroeder, Manfred, Fractals, Chaos, Power Laws, W.H. Freeman and Co., New York, NY,
1991.
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Listing 1

Dim TempData As Variant

Dim data() As Double

Dim dummy As Double

Dim equ As agtEquation.CWaveForm
Set equ = New agtEquation.CWaveForm
equ.GetWaveform TempData, dummy

If equ.WaveFormResult = vbOK Then
data = TempData

End If

Listing 2

Dim breakpoint As Long

Dim data As Variant

Dim m_data() As Double

Dim equ As agtEquation.CwaveForm

Set equ = New agtEquation.CWaveForm

data = equ.EquationWaveform("Sin(w)", 1000, breakpoint)
If equ.WaveFormResult <> vbCancel Then

m_data = data

End If

Listing 3

Dim data As Variant

Dim m_data() As Double

Dim equ As agtEquation.CWaveForm

Set equ = New agtEquation.CWaveForm
data = equ.NoiseWaveform(1, 1000)

If equ.WaveFormResult <> vbCancel Then
m_data = data

End If

Reed Business Information, a division of Reed Elsevier Inc. All Rights Reserved.
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Filter your data in software

Werner Haussmann, Agilent Technologies, Loveland, CO -- 4/1/2002
Test & Measurement World

When you capture waveform data, you often want to process the data to extract information about
the signal or to extract a particular wave shape. Filters—analog or digital—often provide the
signal processing you need. Analog filters process signals before you digitize them. Digital filters,
which apply software algorithms to digitized waveforms, can work in digital signal processors for
"real-time" filtering. You can also use digital filters that run on a PC to process data you've
already captured.

Filters act on specific frequency components. With a filter, you can isolate wanted frequencies
(pass band) from unwanted frequencies (stop band). Digital filters isolate frequencies by applying
mathematical formulas called transfer functions to data points. The characteristics of a transfer
function define a filter's frequency response.

While working on a recent project, | needed to capture a signal, remove unwanted high-frequency
noise, and store the "clean" signal in a file. Then, | needed to load the clean signal data into a
waveform generator.

To filter the data, | developed a digital filter
in Visual Basic 6.0 that runs under Windows
98 or 2000 (I haven't tested it under XP).
The filter works on data I've already
captured, plots raw and filtered data, and
displays a filter's frequency response.
Figure 1 shows how well the filter removes
noise from a sine wave.

You can download a free copy of the filter,
which resides in an ActiveX control, and
use it in your own programs or in an
application program | wrote. ("Using the
filter,” below.) You also can download the
complete source code for the filter control
and the accompanying application.

— e e

e - s

Figure 1. A digital filter removes unwanted
frequency components such as noise from the
upper trace to produce the filtered lower trace.



How digital filters work

The simplest form of digital filter uses a moving average. A '
moving-average algorithm simply takes a number of
surrounding points and averages their amplitudes to create a
new point. Moving averages find use in temperature-
monitoring applications because they reduce the impact of
electrical noise that can couple into signal wires.

et | x| c3 ]

x
N+ | x| 2 |
Figure 2 introduces notation you can use to develop a moving __, Mp:-1 | i [ i.; | ¢Sum —» New N
average into a digital filter. Each box in the left column Mol x o |
represents a point in the data array. The boxes in the right -zl %l cz |
column represent a seven-point moving average. Each of the N-3 | x| C2

seven boxes becomes a "term" of the filter, in which each
term has a coefficient. For the moving average, each
coefficient equals 1/7 (you could also make each coefficient
equal 1, and then divide the sum by 7), which gives each term .
equal weight. When you apply equally weighted coefficients, :
you apply what is commonly called a "rectangular window" to

the data. Figure 2. A moving average
algorithm takes samples, sums
Figure 3 shows an example of how a moving average them, and divides them by the

changes a signal. A 25-point data set contains a pulse thatis number of samples. This

10 points wide (green trace). The blue trace shows the result example shows a seven-point
of applying a seven-point moving average to the pulse. The moving average.

waveform transitions occur more smoothly in the blue trace

than in the green trace.
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Figure 3. The waveforms show a 10-point pulse (green trace) after applying a
seven-point moving-average filter (blue trace). Adjusting the relative weights of
the filter's coefficients removes sharp corners (red trace).

Note the change in the value of the moving average starting at point 3 of the blue trace. While
that change is smoother than at point 6 of the green trace, it's still abrupt. By changing the
relative weight of the coefficients in the moving average, you can further smooth the transition
into the filter (red trace). For example, you can reduce the relative weight of coefficient C3 to half
that of the other coefficients. Doing so produces a weighted moving average. But the sum of the
coefficients must equal 1, so you can't simply set the two occurrences of C3 to 1/14 and leave the
others at 1/7. To retain the sum, you must set coefficients C0O, C1, and C2 (five coefficients
because C1 and C2 appear twice) equal to 1/6 and set C3 equal to 1/12. The sum of the
coefficients is (5 x 1/6) + (2 x 1/12) = 1. Tapering the windows gives less emphasis to points
farther from point N in Figure 2.



Figure 3 shows the effects of moving averages in the
time domain. Moving averages also affect signals in
the frequency domain. Figure 4 contrasts the
frequency response of the equally weighted moving
average, or rectangular window (blue trace), against
the weighted moving average, or tapered window
(red trace). Tapering the relative weights of the
coefficients reduces the bumps in the stop band,
which increases the filter's attenuation. But the better
attenuation comes at a price—the transition
bandwidth between the pass band and the stop band
widens.

By modifying the coefficients, you can improve a
filter's response. For example, increasing the number
of points in a filter window will improve ripple (provide
greater attenuation) without a loss in transition
bandwidth.

An ideal filter, if one existed, would multiply all

Pass

band stop band

Amplitude
i

0.4 0.2 0.3 0.4 0.5

Frequency (i)

Figure 4. In a seven-point moving
average, applying equal weights to each
coefficient produces the frequency
response in the blue trace, but changing
the weights can reduce ripple at the
expense of a wider pass band (red trace).

frequencies in its pass band by 1 and all frequencies in its stop band by 0 with zero bandwidth
between the two regions. This theoretical filter's transfer function requires an infinite number of
terms. Unfortunately, calculating the coefficients for an ideal filter takes forever. Therefore, you
must limit the number of coefficients in a filter's transfer function to make it practical to use. In my
digital filter, | employ a Kaiser filter to process the data because it's easy to program. (You don't
need to know how to calculate the coefficients in a Kaiser filter to use my program, because my
code does that for you, but you can learn how the calculations work by reading ""How to

calculate Kaiser coefficients,” below.)

To use a Kaiser filter, you simply specify filter type
(high pass or low pass), the filter's cutoff frequency
(f.), transition bandwidth (f,), and ripple (Figure 5).
You must express f; as a fraction of your digitizer's
sampling frequency. The value of f, must always be
less than half the sampling frequency. Frequencies
above 0.5 times the sampling frequency will alias,
and the filter won't produce useful results. Ripple
represents a fraction of the pass band amplitude that
you can tolerate in the stop band and in the pass
band itself. For example, 1% = 0.01, and

0,01
EGIOET = —40 dB

Cutoff frequency (f.)

Amplitude
—

fy

% ripple

Tramsition
bandwidth

Frequency

£If, « 0.5

Figure 5. To use a Kaiser filter, you must
specify the cutoff frequency, transition
frequency, and percent of ripple.

Before you download the filter, you should understand its limitations. In theory, the filter should
attenuate frequencies in the stop band by as much as 100 dB. In practice, though, you'll get
attenuation between 40 dB and 50 dB, which should be sufficient for most applications.

Attenuation is limited because | used 64-bit (15-digit) precision for the variables that represent the
coefficients. At that precision, some of the coefficients are so small that their values consume less
than the weight of one digit. Visual Basic 6.0 lets you double the precision, but doing so doubles
the time the program takes to calculate the coefficients. For my application, 40 dB of attenuation



was sufficient. If your application requires greater precision, you can modify the filter's source
code.

In my project, | filtered a captured waveform and loaded the filtered signal into an arbitrary
waveform generator. If you use an arbitrary waveform generator to reproduce the filtered
waveform, then calculating coefficients with 64-bit precision is more than sufficient. Most
waveform generators resolve signals to just 12 bits or 16 bits, so a better-filtered data set won't
produce a cleaner waveform.

Another limitation of using the filter comes from the time required to calculate the coefficients,
which depends on the number of samples in your waveform, the width of f,, and the amount of
ripple in your stop band. If your waveform has just 1000 points, even a slow computer will quickly
calculate the coefficients. If your waveform contains tens of thousands of points, though, you may
have to wait a while. For calculations that take longer than 10 s, the application program will
estimate the calculation time so you'll know the computer didn't crash.

Instructions for downloading the software

You can download a stand-alone application that lets
you use the FIR filter, or you can download the filter's
source code and use it in your own application. To
download either, go to www.agilent.com/find/tmwarticle.

Under "Software" click on "Test and Measurement World
FIR Article, April 2002." You will find some instructions,
the application, and source code.

Using the filter

You can download the filter in three different forms. The easiest to use is the stand-alone
application, which you can begin using right away. You also can download the filter compiled into
an ActiveX control that you can call from your own application program. Finally, you can
download the Visual Basic 6.0 source code for the ActiveX control, which will let you study the
filter's details and modify its operation.

If you choose the first option, you can use the filter without writing any code. The program lets
you load a data file, filter the data, and save the filtered data to a file. You can then reproduce the
filtered waveform with an arbitrary waveform generator. I'll use the example that I've provided in
the download to demonstrate how the filter works.

To begin, | saved the data from a waveform into an ASCII, tab-delimited file. The filter assumes a
repetitive waveform where the first point is a continuation of the last point in the data.


http://www.agilent.com/find/tmwarticle

Figure 6 shows my filter's display screen,
from which you can select a filter and enter
its parameters. The "Filter Type" tab lets you
select from low-pass, high-pass, or moving-
average filters. For the frequency scale in
most data-acquisition applications, you
should select "Show frequency as a fraction
of sample frequency." If you select "Show
frequency as a multiple of window
frequency,"” you'll see a scale from 0 to one
half the number of points in the waveform
that you want to filter. Remember, to meet
the Nyquist criterion, the "window" that you
apply to your waveform must have fewer
than half of the waveform's number of points
(Ref. 1).

Next, use the Parameters tab (Figure 7) to
select the cutoff frequency, transition
bandwidth, and ripple. In the "Frequency
Response" tab (Figure 8), the calculated
frequency response shows 100 dB of
attenuation, but as | explained, you won't get
that much. When you click OK in any tab, the
application will apply the filter to the data and
then plot the filtered waveform. You can save
the filtered waveform in a text file.

If you choose to download the ActiveX
control, you can use it to filter data in your
own program. Listing 1 shows an
example in Visual Basic. In the sample code,
the variable data (an array of double-
precision variables contained in a variant)
represents the waveform that you want to
filter. The ActiveX control uses the function
GetWaveForm to process the data and then
return the filtered waveform into the variable
data. You can use the waveform in your
application or you can store it to a file. For a
more detailed example of how to use the
control, download the application program,
which also comes with Visual Basic source
code. T&MW

Listing 1

Dim data As Variant

Dim dummy As Double

Dim fir As agtFirFilter._CWaveForm
Dim result As Long

Set fir = New agtFirFilter.CWaveForm
with fir

.getWaveform data, dummy

result = _WaveFormResult

End With
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Figure 6. A digital-filter application program lets
you select filter type, frequency scale, and
destination.

B fglerd FIR Fillar [ Bl =]
Fiter yype  Prisrmelen | meml
fe Gt fraction of pempling hiecueency (151
I Cut ot fic)
\ IT [
\ Trarnsieon 1]
—_— a1 L
| % rppie
::I n =5
B
wrciton gl | .
(e
005 J
hon =
Help QFK | Corcal |

Figure 7. Enter a fraction of your sampling
frequency for values of cutoff frequency (fc/fs),
transition frequency (ft/fs), and percent ripple.
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Figure 8. The filter software calculates the number
of terms needed to meet your needs and then
plots the filter's frequency response.
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How to calculate Kaiser coefficients

In 1977, J.F. Kaiser and W.A. Reed published a paper (Ref. a) that described a method of
calculating a filter's coefficients (c(k)) given values for the filter's cutoff frequency (f.), transition
bandwidth (f;), and ripple (Ref. b). Their method uses the following five equations:

Low-pass filter
o(k) = —sin2kf X w(k)
ke

o 0) = 2F
High-pass filter

o 0) =205 fI
k)= _—lsin 2wkl X W)
Tk

where
k ranges from 1 to N
N represents the number of terms in the filter's transfer function

w(k) represents a Kaiser-Bessel window; the window alters the truncated set of coefficients in an
intelligent way to reduce the pass band and stop band ripple (Ref. a).

To use Equations 1-4, you first need a value for N, the number of terms the filter needs to
produce the desired values of f; and ripple. (The number of terms is independent of cutoff
frequency.) Kaiser and Reed found that you can use Equation 5 to calculate N. Once the filter
software calculates N, it can calculate the coefficients c(k) for either a low-pass or high-pass filter
from the formulas above.

_ ~ 20loglripple) —7.95
28,72

In Equation 5, you can see that the value of N increases as you shorten f;, which creates a
sharper transition between the pass band and the stop band. But N increases only as the log of


http://www.reed-electronics.com/tmworld/index.asp?layout=article&articleid=CA187340&stt=001&pubdate=7%2F1%2F2001

the ripple increases. Therefore, N increases faster for an improving transition band than it does
for improved attenuation.
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