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Create your own custom functions
(or modify included functions)
using the power of MATLAB
software

Create and execute custom math
and analysis functions

Have you ever wished your
oscilloscope had more math and
analysis capability? Have you ever
wanted to create your own math
functions or filters for your specific
needs? With today’s increasingly
complex signals, the standard analysis
routines provided with an oscilloscope
are sometimes not enough.

Enables Infiniium oscilloscopes to
execute customized math and
analysis functions

Enhance your Infiniium oscilloscope
with the analysis power of
MATLAB® software

Live waveform update from a
seamless gateway to the MATLAB
functionality Now, Agilent and the MathWorks
have teamed up to offer the perfect
solution to meet your specific needs —
on demand. The Agilent Technologies’
N8806A User Defined Function for
editing and execution allows you to
create and execute your own custom
math and analysis functions using

the power of the MATLAB software
environment all in a single software
package.

Combinable with other Agilent
analysis software solutions

Only Agilent provides both the
custom measurement capability and
the MATLAB software environment
in a single oscilloscope option

The MathWorks MATLAB is a software
environment and high-level language
used to acquire, analyze, and visualize
data. With a seamless integration to
the MATLAB environment, Agilent's
UDF allows you to display your math
and analysis functions created in
MATLAB live on the oscilloscope
screen, just like any of the scope’s
standard functions. Or, you can
interactively analyze and visualize your
results in the MATLAB environment,
with capabilities such as graphically
plotting results or automatically
generating reports.

Use with Agilent 9000, 90000, 90000X
Series or 86100D DCA-X oscilloscopes
or 90008A oscilloscope/digitizers.

Agilent Technologies



User Defined Function with MATLAB software

Creating a User Defined Function-
It's easy and simple. User-defined
function = XML + MATLAB script

The Agilent Infiniium user-defined
function consists of two components:
an XML file and a MATLAB script file.

The XML file defines the components
of the graphical user interface that
appears on the “Math” dialog box
shown in the right side in Figure 3.

An example XML file used to create a
user interface for a Butterworth low-
pass filter is shown in Figure-1. You
will define the name of the function,
abbreviation, source types, and controls
in the XML file. The Infiniium user-
defined function can support up to
two sources (one source, two sources,
or clock/data combination) and two
controls. It also comes with a standard
XML schema if you wish to validate
your XML file. (Look on public Web
sites for a free XML syntax checker
that you can use in conjunction with
the XML schema.)

The MATLAB script (the .m script

file) will be the main program of the
function, which is developed in the
MATLAB environment using MATLAB's
software tools and programming
language. Figure 2 shows an example
of a Butterworth low-pass filter shown
in the MATLAB editor.

The functions “butter” and “filter”
available in MATLAB and its Signal
Processing Toolbox are the essential
components for making this user-
definable filter (Signal processing
toolbox is standard for N8806A.

Multiple custom user defined functions
are already provided with the Infiniium
oscilloscope when you purchase the
N8806A UDF option. Provided functions
include Butterworth filtering, FIR, LFE,
and RTEye. Use MATLAB to create
your own new functions or modify and
execute existing functions to meet your
own unique testing challenges.
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f?xml version="1.0"?>
<IDOCTYPE functions SYSTEM "Functions.dtd">

xsi:noNamespaceSchemal.ocation="Functions.xsd"
Version="1">
<Function>
<Name>Butterworth</Name>
<Abbreviation>BTR</Abbreviation>
<MATLABName>Butterworth</MATLABName>
<MATLABType>Source</MATLABType>
<FunctionType>1 Source</FunctionType>
<Control Name = "Data Rate">
<Double>
<Min>1e9</Min>
<Max>10e9</Max>
<Resolution>1000</Resolution>
<Default>2.5e9</Default>
<Units>Hertz</Units>
</Double>
<{Control>
<{Function>
</Functions>

<Functions xmins:xsi="http:/fwww.w3.0rg/2001/vLSchema-instance”

Figure 1. XML file example
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4 % Filter developed in the

3 % MATLLB software environment.
4

5 % Filter order

6= N=2;

2

8 % Determine cutoff frequency

9 - BitRate = Controll;

10 - Fc = BitRate/2:

st

12 % Constant output variables
13 - Gain - 1.0;

14 - Filcterbelay = N * 0.12 / Fc:
15 - FilterWidth = N / Fe;

16

17 % Create the Butterworth filter
18 - We = ¢ * SrcXInc * Fc;

19 - [B,4] = butter(N,UWc):

20

21 % Perform the filtering

22 = FnData = filter(B,Ai,SrcData):
23

24 % Remove group delay

25 - FnXFirst = SrcXFirst - FilterDelay;
26 = Fn¥Inc = SrcXlInc;

27 - FnYScale = SrcYScale * Gain;

28 - FnYliddle = SrcYMiddle;

Figure 2. MATLAB script example (shown in the MATLAB editor)



User Defined Function with MATLAB software

1. Live signal
in channel 1

3. Live function
generated in
the MATLAB
editor
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Figure 3. User-defined function overview. Comparison of waveform before and after

going through the Butterworth low-pass filter created in the MATLAB editor

The results of using the Butterworth
low-pass filter are shown in Figure 5.

A live swept sine wave signal is input
into channel 1 (the first waveform —
yellow), where the signal is shown with
infinite persistence. An FFT analysis of
channel 1 with infinite persistence is
shown in the second waveform (pink).

The third waveform (purple)

is the time domain waveform result
after going through the Butterworth
low-pass filter created in the MATLAB
editor. Finally, an FFT analysis of the
filtered data is shown in the bottom
waveform (pale pink). You can observe
that the Butterworth low-pass filter

is successfully cutting off the high-

frequency components.

2. User-defined
function
interface



User Defined Function with MATLAB software

MATLAB Software Included

N8806A User Defined Function for
editing and execution comes with
MATLAB software environment plus
three additional toolboxes for MAT-
LAB: Instrument Control Toolbox, DSP
System Toolbox, and Signal Processing
Toolbox.

MATLAB is the foundation product that
provides the software environment to
create, edit, execute and save MATLAB
commands, files, and data. It provides
mathematical functions for linear
algebra, statistics, Fourier analysis,
filtering, optimization, and numerical
integration. It also provides 2-D and 3-D
graphics functions for visualizing data
and tools for building custom graphical
user interfaces.

Instrument Control Toolbox lets you
use MATLAB to communicate with
instruments, such as Agilent oscillo-
scopes, function generators and signal
analyzers. The toolbox enables you

to communicate with instruments via
instrument drivers, such as IVI, and
commonly used communication proto-
cols, such as GPIB, VISA, TCP/IP, and
USB. With Instrument Control Toolbox,
you can generate data in MATLAB to
send out to an instrument, or read data
into MATLAB software for analysis and
visualization.

Signal Processing Toolbox provides a
collection of industry standard algo-
rithms for analog and digital signal
processing (DSP). This toolbox enables
you to create your own filters and apply
them directly to your live or recorded
oscilloscope signals to test or other-
wise gain insight into your designs.

The DSP System Toolbox is a collection
of tools that provide advanced
techniques for designing, simulating,
and analyzing digital filters. It extends
the Signal Processing Toolbox with
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9 =il
10 = oldobjs=instrfind;

i if ~isempty({oldobjs)

L= disp('Cleaning up ...')

13 = delete (oldobjs):

14 - clear oldobjs:

15 = end

16

17 ¥ Initial setup

18 - mxa_ip = 'localhost';

19— mxa_port = 5025:

20

21 5 MXA Interface creation and connection opening

22 = mxa=tcpip (mxa_ip, mxa_port):

2= =et (mxa, ' InputBufferSize',30000): "
24 = set (mxa, ' Timeout' ,S5);

25 = fopen(nxa) :

26

27 % Set the data trace format to REAL, 32 bits

28 = fprince (mxa, ' :FORM: BORD NORMAL'):

29 = fprintf (mxa, ' :FORM:DATA REAL,32'):

30 % Get the nr of trace points

3l - nr_points = strZdouble (query(mxa,’' :5SWE:FOIN?')):

32 % Get the reference level

33 - ret__‘lev = gstr2num(gquery(mxa, ' DISP:WIND: TRAC: Y:RLEV?2')):

34 % Put the instrument in continuos mode

35 = Ifprinct (mxa, ' :INIT:CONT ON');

36

37 % create and bring to front figure number 1

38 - figure (1)

39 - ph = plot(l:nr points,ref levfones(i,nr points)):

40 % Adjust the x limits to the nr of points

4l % and the ¥y limits for 100 dB of dynamic range

42 = xlim([1 nr_points])

43 = | ylim(fref lev-100 ref lev]) ]

exampleb n 21 Col 48

Figure 4: Developing a new MATLAB application or modifying an existing MATLAB ap-
plication using the MATLAB Editor provided by MATLAB

filter architectures and design methods
for complex real-time DSP applica-
tions, including adaptive and multirate
filtering.

Only Agilent provides both the
custom measurement capability and
the MATLAB software environment in a

single oscilloscope option. Only Agilent
has teamed up with the MathWorks to
provide this level of analysis.

The N8806A is a full featured licensed
copy of MATLAB. You can decide
whether to install MATLAB directly on
the scope or on a remote PC.



User Defined Function with MATLAB software

Use in combination with other
Agilent application packages

User-Defined function gives you the
capability you need to develop custom
measurement functions, you can
extend your capabilities by combining it
with other Agilent application solution
software, such as the Agilent N5400A
EZJIT Plus jitter analysis software and
E2688A high-speed serial data analysis
software.

For example, you can equalize the
attenuated signal transmitted through
an FR4 PCB using a “linear feed-
forward equalizer” created by an
Infiniium user-defined function

(see Figure 6), then apply the N5400A
EZJIT Plus to evaluate the total jitter
by decomposing jitter components
into random and deterministic jitter.
Or, perhaps you can obtain the clock
location using the E2688A high-speed
serial data analysis software, and
create an eye pattern for visual analysis
using the MATLAB plotting feature
(Figure-7).

Finally, you can compare the
measurement results before and after
applying the equalization in order to
analyze the effect of equalization. This
analysis was only possible previously
using an external PC. Now you can use
the Infiniium user-defined function with
MATLAB functionality to make custom
measurements directly on Infiniium
oscilloscopes

For more information on using MATLAB
together with Agilent

oscilloscopes, visit:
www.agilent.com/find/matlab_oscilloscopes
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Figure 6. The signal on channel 1 went through linear feed-forward

equalization and is displayed in function 1.
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Figure 7. The eye pattern of an equalized signal created using E2688A high-speed
serial data analysis software and the MATLAB plotting feature.



Key Specifications/System Requirements/Compatibilities

One source, two sources, or clock and data combination are supported

Up to two controls (user input passed on to MATLAB) are supported

Controls can be “double,” “enumeration,” “integer,” or “string”

Up to four simultaneous MATLAB functions are supported

Up to 20 user-defined functions are supported

Recommended MATLAB Toolbox Instrument Control Toolbox
installations Signal Processing Toolbox

Oscilloscopes Required software revision

Infiniium DSO/DSA 90000 Series Rev 3.0 or later
Infiniium DSO/DSA 90000 X-Series Rev 3.0 or later
Infiniium DSO/MSO0 9000 Series Rev 3.0 or later

For software upgrade, visit: http://software.cos.agilent.com/Infiniium/

Ordering Information

Model Description

N8806A User Defined Function for Editing and Execution

Related Literature

Publication title Publication type  Publication number
Infiniium DS090000 Series Oscilloscopes and Data sheet 5989-7819EN

InfiniiMax Series Probes

Infiniium 90000 X-Series Oscilloscopes Data sheet 5990-5271EN

Infiniium 8000 Series Oscilloscopes Data sheet 5989-4271EN

E2699A My Infiniium Integration Package for Data sheet 5990-9934EN

Infiniium Oscilloscopes

Infiniium 9000 Series Oscilloscopes Data sheet 5990-3746EN
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Agilent Technologies Oscilloscopes

Multiple form factors from 20 MHz to >90 GHz | Industry leading specs | Powerful applications



8 Agilent Email Updates

www.agilent.com/find/emailupdates
Get the latest information on the
products and applications you select.

AXie

www.axiestandard.org
AdvancedTCA® Extensions for
Instrumentation and Test (AXle) is
an open standard that extends the
AdvancedTCA for general purpose
and semiconductor test. Agilent
is a founding member of the AXle
consortium.

LXI

www.lxistandard.org

LAN eXtensions for Instruments puts
the power of Ethernet and the Web
inside your test systems. Agilentis a
founding member of the LXI
consortium.

FAl

WwWWw.pXxisa.org

PCl eXtensions for Instrumentation
(PXI) modular instrumentation
delivers a rugged, PC-based high-per-
formance measurement and automa-
tion system.

Agilent Channel Partners

wwwagilent.com/find/channelpartners
Get the best of both worlds: Agilent’s
measurement expertise and product
breadth, combined with channel
partner convenience.

.
Quality Management System

www.agilent.com/ quality

www.agilent.com

For more information on Agilent Tech-
nologies’ products, applications or services,
please contact your local Agilent office. The
complete list is available at:

www.agilent.com/find/contactus

Americas

Canada (877) 894 4414
Brazil (11) 4197 3600
Mexico 01800 5064
800

United States  (800) 829 4444

Asia Pacific

Australia 1800 629 485
China 800 810 0189
Hong Kong 800 938 693
India 1800 112 929
Japan 0120 (421) 345
Korea 080 769 0800
Malaysia 1800 888 848
Singapore 1800 375 8100
Taiwan 0800 047 866

Other AP Countries (65) 375 8100

Europe & Middle East

Belgium 32 (0) 2404 93 40
Denmark 45 45 80 12 15
Finland 358 (0) 10 855 2100
France 0825010 700*
*0.125 €/minute
Germany 49 (0) 7031 464
6333
Ireland 1890 924 204
Israel 972-3-9288-504/544
Italy 3902 92 60 8484
Netherlands 31 (0) 20 547 2111
Spain 34 (91) 631 3300
Sweden 0200-88 22 55

United Kingdom 44 (0) 118 927
6201

For other unlisted countries:
www.agilent.com/find/contactus
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Product specifications and descriptions
in this document subject to change
without notice.
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