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What This Book is About

Preface

What This Book is About

This book shows you how to use avariety of popular toolsto build graphical
user interfaces to Tektronix Windows-based oscilloscopes. By using these
“soft front panels,” you can quickly and easily connect your oscilloscope,
whether locally or remotely, to the latest PC tools for analyzing waveform
and measurement data. In addition, this book explores the functionality of the
TekVISA Toolbar Add-In for Excel, which requires no additional
programming.

Who Should Read This Book

Whether you are a novice who has never built agraphical user interface
before or an experienced programmer, you will find this book helpful if you
areinterested in increasing your productivity with Tektronix Windows-based
oscilloscopes. The examples cover programming environments ranging from
Excel Visual Basic for Applications (VBA) and Visual Basic 6.0 to
MATLAB, LabWindows/CVI, and LABVIEW. Familiarity with any or al of
these environments is helpful but not necessary in order to work most of the
examples.

How This Book is Organized

This book is divided into two parts. Each part includes multiple chapters and
is designed to impart new information in progressive steps.

* Part 1 coversthe use of Excel with the TekVISAToolbar and
the TekVISA ActiveX control, and also includes Visua
Basic 6.0 examples with the TekVISA ActiveX control.

e Part 2 describes the use of MATLAB with the Instrument
Control Toolbox, and the use of LabWindows/CVI and
LabView with Tektronix Plug-n-Play drivers.

*  The appendices summarize the syntax of commands and
controls used in the book, discuss LAN connectivity, present
more complex examples, and describe the use of an optional
Waveform Generator program to generate live waveforms
for examples.
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Document Conventions

A CD-ROM accompanies this book. The CD-ROM includes the text of the
book saved in PDF format, so you can use Adobe Acrobat Reader to access
the book on-line. Also on the CD are the programming examples discussed in

the book.

Document Conventions

This book makes use of certain notational conventions and typefacesin
digtinctive ways, as summarized in Table 1.

Table 1. Table of typographic conventions

Typeface

boldface

italics

SampleName

Note:

Code

Menu >
Submenu

XVi

Meaning

Used to emphasize important
points and to denote exact
characters to type or buttons to
click in step-by-step
procedures.

Used to introduce terms and to
specify variables in syntax
descriptions.

Used to designate the name of
a function, statement, filename,
or similar construct in regular
body text.

Used to call attention to notes
or tips in text.

Used to designate blocks of
code.

Used to designate a series of
cascading menus.

The example here means: from

the Tools menu, choose
Macro.

Example
Connect your monitor to the
video port.

1. Click OK.

An industry-standard
communications protocol
caled VXI-11

Attribute (type) = newvalue

Y ou will employ a user-
defined function called
Acquire_Instrument.

Note: Start here.

sCHCommands =
"DESE 1; *ESE 1; *SRE 32"

1. Choose Tools > Macro.
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Connectivity Made Easier

Chapter 1.
Connectivity Building
Blocks

Connectivity Made Easier

Thefirst connectivity book to accompany a Windows-based Tektronix
oscilloscope was entitled Oscill oscope Connectivity Made Easy. Since that
book was published, Tektronix has added a number of new building blocksto
make connectivity even more seamless and broad-based. These connectivity
building blocks provide a new layer of middleware for connecting your
Windows-based analysis programs to Tektronix embedded oscill oscope
software.

The previous book showed you how to copy and paste or export and import
datainto three popular analysis programs: Excel, Mathcad, and MATLAB.
That book also showed you how to use a stand-alone application to feed
waveform data repeatedly into Excel or Mathcad.

This Oscilloscope Analysis and Connectivity Made Easy book gives you
even more routes to jump-start connectivity to your favorite analysis
program. Y ou will:

» explore new levels of connectivity to Excel and MATLAB

e learn how to use Visual Basic to interact with your
oscilloscope in the Windows environment

e acquirethe tools and expertise to interconnect with the
LabVIEW graphical programming environment

Built-in Connectivity Features

Because Excel and MATLAB are of special interest to our customers,
Tektronix has built simple point-and-click interfaces from its oscill oscopes to
these three programs. For example, Figure 1 shows the dialog box for
copying TDS5000/7000 Series Oscilloscope waveform data to be pasted into
Excel. The oscilloscope software also includes similar setup boxes for
exporting datain aformat suitable for MATLAB.

Oscilloscope Analysis and Connectivity Made Easy 1



Built-in Connectivity Features

i Copy Setup

Images | X Measurements I

D ata destination Waveform curve data range ~ Mumber of Samples

I SIFEEREEE " Samples from I‘I_ to (5000 5000
Source @ Al

Channel‘l

wiaveformn Fast Acquisition
Drata Ordering

Bottom firzt, rotate 90 degree: J

Wavefarm Detail
¥ Include waveform
scale factors
Copy | ak I

Figure 1. A Copy Setup box prepares waveform data for Excel

Cancel | Help |

Table 2 quickly reviews how to pass oscilloscope data to Excel and
MATLAB. Asshown in the table, you can use copy-and-paste or export-and-
import techniques to move information from your oscilloscope to these
programs.

Table 2: Quick review of exporting and importing oscilloscope data

Menu Selections / Commands

Using Using Using

Microsoft Microsoft MATLAB
Excel with Excel .txt File .dat File
Clipboard

To Copy / Export Edit > Copy File > Export File > Export

Data from Setup Setup Setup

TDS5000 and

TDS7000 Series

Oscilloscopes

To Copy / Export Edit > Copy File > Export

Data from Waveform Waveform

TDS/CSA8000 Series

Oscilloscopes

To Paste / Import Edit > Paste Data > Get Reference data

Data into
Excel / MATLAB

External Data >
Import Text File

filename as
argument of
M-file function

or

' ' call in Command
Right-click and Window
select

Refresh Data

Oscilloscope Analysis and Connectivity Made Easy



New Connectivity Building Blocks

New Connectivity Building Blocks

Now anumber of new connectivity components have come on the scene.
These new connectivity tools support faster and more seamless transfer of
continuous live datainto Excel and MATLAB. New connectivity building
blocks a so support other popular programming environments: Visual Basic
aswell as LabVIEW and LabWindows/CV 1, a Measurement Studio
component.

Tektronix latest connectivity solutions incorporate:

e TekVISA Toolbar, an add-in that supports easy data capture
into Microsoft Excel without any programming

*  TekVISA ActiveX Control, aVisual Basic OCX control that
“wraps’ and encapsulates the TekVISA library, enabling
rapid application development in Visua Basic 6.0 or Visua
Basic for Applications (VBA)O Excd’s behind-the-scenes
devel opment environment

e TekVISA API, astandard application programming interface
(API) and common I/O library for connecting to and
controlling measurement devices such as oscilloscopes

* Internal “ virtual” GPIB, a software resource built into
TekVISA, that links the Windows processor to the
embedded processor in Tektronix Windows-based
oscilloscopes, permitting faster acquisitions than
conventional GPIB hardware links

* VXI Plug-n-Play Drivers, for Tektronix Windows-based
oscilloscopes, capable of connecting with LabWindows/CV |
and LabVIEW test automation software and other
programming environments

e Seamless connectivity with MATLAB viathe Instrument
Control Toolbox, available from The MathWorks, Inc.

e VXI-11.2 Client/Server, technology for LAN connectivity

Oscilloscope Analysis and Connectivity Made Easy 3



New Connectivity Building Blocks

TekVISA—A Standard Way to Connect

TekVISA isthe new Tektronix implementation of the industry-standard
library of common I/O operations known as VISA. VISA (Virtual Instrument
Software Architecture) was the brainchild of the VXIplug&play Systems
Alliance (http://www.vxipnp.org), a group formed to standardize the building
of instrumentation drivers. TekVISA’s set of operations, attributes, and
events supports connectivity between application devel opment
environmentsl] such as C++, Visual Basic, MATLAB, and LabVIEW[ and
multiple kinds of resources including devices connected:

* viaaloca GPIB connection
e viaalocal Serid (RS-232) connection

* viathe Tektronix interna software connection known as
virtual GPIB

* viaa remote GPIB-LAN connection

« remotely viavirtual GPIB, Tektronix VXI-11 client/server
technology, and an Ethernet LAN connection

Figure 2 shows the broad range of connectivity brought together through
TekVISA technology.
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New Connectivity Building Blocks

Application Development Environments (ADE)
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(000 © ® 0 O ® -]
—J —J
Test and Measurement

Instruments
Figure 2. TekVISA supports connectivity to programming environments

TekVISA Toolbar

The easiest way to get up and running with your Windows-based
oscilloscope is by making connections using the TekVISA Toolbar. This
add-in to Microsoft Excel works just like any other toolbar in that
application. When you click an icon, adialog box pops up that allows you to
pass information back and forth between the Microsoft Excel application and
your Windows-based oscilloscope, without any programming modifications.
If you need no special customization beyond the built-in toolbar functions,
the TekVISA Toolbar will serve you well and get you going quickly, whether
you are transferring oscill oscope measurements or captured waveforms into
Excel. Chapter 2 introduces you to the use of this multi-purpose toolbar.
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New Connectivity Building Blocks

TekVISA ActiveX Control

The TekVISA ActiveX Control will make your job alot easier if you are
familiar with Visual Basic or Excel’s Visual Basic for Applications. This
book explores some ways to use this powerful control to build fast
connectionsfrom VB or VBA to the acquisitions side of your oscilloscope.
With thistool, you can spend time using the programs that help you do your
job, instead of losing time building complicated specialized instrument
drivers out of sheer necessity, as was often required in the past. Y ou can
simply drop this control onto aform and then quickly design an interface
with buttons and boxes to suit your needs.

If you just know alittle bit about VB, the TekVISA ActiveX Control and the
sample programs that come with this book will arm you with enough
hands-on information to customize the examples given. Or, you can write
your own pop-up dialogs between your oscilloscope and Excel or Visual
Basic 6.0. Chapters 3 through 7, along with Table 36 in Appendix A, cover
programming at thislevel using the TekVISA Control. Chapters 3 through 6
focus on using VBA with Excel spreadsheets, while Chapter 7 and Appendix
C concentrate on using Visual Basic 6.0.

TekVISA API

If you are an accomplished VB or C++ programmer, you can write programs
that call TekVISA operations directly, especially if you need more
fine-grained control. The TekVISA API software now comes standard on
Tektronix Windows-based oscilloscopes. The online TekVISA Programming
Manual includes alookup reference section and atutorial section with
programming examples. This subject matter is beyond the scope of this book.

Internal “Virtual” GPIB

TekVISA support for an internal resource called virtual GPIB means fast
connectivity between Windows and the embedded software side of your
oscilloscope. Virtual GPIB provides a software bridge to and from embedded
oscilloscope software, permitting direct internal access to the oscilloscope for
much faster and larger acquisitions than conventional GPIB ports. What is
more, this feature facilitates remote connections with other PCs over a
standard Ethernet LAN without the need for special GPIB-to-LAN hardware
adapters.

TekVISA also includes Asynchronous Serial (ASRL) and GPIB resources
that support more traditional connections to non-Windows-based
instruments.

VXI-11.2 Client /Server Connected by Local Area Network (LAN)

Tektronix VXI-11.2 Client/Server technology adds another important piece
to the connectivity picture. The V X1-11 Server-side component, combined
with TekVISA’svirtual GPIB, provides a software passageway for
connecting your Windows-based oscilloscope over an Ethernet LAN to
remote PCs. On each remote PC, you would install another copy of TekVISA
to make use of its built-in VXI-11 Client-side component.

6 Oscilloscope Analysis and Connectivity Made Easy



New Connectivity Building Blocks

Y ou will need your own VXI-11 Client-side software if you want to connect
UNIX-based systems to your Windows-based oscill oscope.

Appendix B discusses the details of accessing the oscilloscope across alocal
area network (LAN) from the programming environments discussed in this
book. Figure 3 shows the range of connections made possible by the various
TekVISA building block components. Figure 4 focuses on the components
that make LAN connectivity possible.

Remote Remote Local
UNIX-based Controller Windows-based Controller Windows-based Controller
U.serl User
Application Application
I [
User
Application VISA Library ISA Library
/ 1
VXI-11 X1 ASRL L GPIB
Client Client
Windows-based Ethernet .
Oscilloscope LAN GPIB-LAN
Adapter
Windows-side bt Embedded Software side W/ VXI-11
of Instrument erme of Instrument GPIB
LAN hardware
User hdeQSZ
g VXI-11 ardware
Applicat
ppiication Server
[
VXI-11 ; —— > [cacos o
Client VISALibrary | [Boee8 Eq
- e EISEEEE
1 - software o gooog
Virtual goooo
ASRL L GPIB 5 S008%o0
GPIB GPIB connection 0o 000
Non Windows-based

Instruments

Figure 3. Range of connections made possible by TekVISA components
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New Connectivity Building Blocks

Remote
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VISA'Library
|
VXI-11
Client
Windows-based Oscilloscope
Ethernet
LAN
Windows side
of Instrument VXI-11 /)

Server

(660 60000 ]

—J | —

Virtual S%ﬂg:/ ;re Embedded Software side
GPIB connection of Instrument

Figure 4. The path to LAN connectivity

Tektronix Plug-n-Play Drivers with LabWindows/CVI and LabVIEW

Tektronix VXI Plug-n-Play drivers add another feature to the connectivity
landscape, enabling easy linkage with popular test automation software such
asLabVIEW (Figure 5) and LabWindows/CVI. VXI Plug-n-Play driversfor
Tektronix Windows-based oscilloscopes add alayer of middleware so you
can work in these graphical programming environments without spending a
lot of time getting datain or out of your test equipment. Chapter 9 and Table
38 in Appendix A focus on connectivity scenarios using these graphical
tools.
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New Connectivity Building Blocks
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Figure 5: Tektronix VXI Plug-n-Play Drivers integrate with popular test automation
software such as LabVIEW

MATLAB’s Instrument Control Toolbox

Anothr connectivity tool has emerged from The MathWorks, which now
offers an Instrument Control Toolbox with MATLAB. This toolbox makes
connectivity with Windows-based oscill oscopes such as the Tektronix TDS
Family possible without complicated programming. Chapter 8 shows you
how to import live waveformsinto MATLAB using this new tool box.
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Introduction

Chapter 2:
The TekVISA Toolbar

Using the TekVISA Toolbar with
Microsoft “Excel

Introduction

This chapter introduces you to the TekVISA Toolbar[] a multi-purpose
toolbar that alows you to place data from your Windows-based oscill oscope
directly into an Excel document simply by clicking afew buttons. Easy
acquisition is the heart of the toolbar. Y ou can make single or repeated
captures of dataon atriggered, periodic, or timed basis, with the option of
also graphing the data. Figure 6 shows the TekVISA Toolbar, which includes
Six button icons.

Tek¥isa Toolbar E
LE RV D

Figure 6: The TekVISA Toolbar in Excel

No programming is required in order to use the TekVISA Toolbar; however,
the Visual Basic source code for the toolbar is available on the companion
CD for experienced VB programmers who wish to modify toolbar features
for their own use. In later chapters of this book, you will learn how to build
less complicated VBA programs that implement some of the functions built
into thistoolbar.

Toolbar Prerequisites

Y ou can use the TekVISA Toolbar with Microsoft Excel* running either on
your Tektronix Windows-based oscilloscope or on a separate PC connected
by a network to your oscilloscope. The oscilloscope and connected PC (if
any) must each have TekVISA installed on it in order to establish a
connection between Excel and your oscilloscope. See Appendix B for
information about configuring access to networked oscill oscopes.

' The toolbar runs as an Add-In to Microsoft Excel 2000 and XP.
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Adding the TekVISA Toolbar to Excel

Toolbar Features
The TekVISA Toolbar enables rapid capture of oscilloscope data from within
Microsoft Excel worksheets. Table 3 describes the six buttons on the toolbar.

Table 3: Summary of TekVISA Toolbar buttons

Icon Button Name Meaning

& Connect Chooses the TekVISA-enabled oscilloscope with which
to connect.

Settings Saves oscilloscope settings to a file or Excel workbook,

and restores oscilloscope settings from a file or Excel
workbook. Settings saved into a workbook are
automatically loaded into the oscilloscope when the
workbook is opened.

[~ Waveform Captures waveform data into a worksheet and graphs
it.

b Measurement Captures and graphs single or periodic waveform
measurements.

s TriggerCapture Captures waveform data from an oscilloscope-defined

trigger, places it into a worksheet, and graphs it.

Note: This feature not currently implemented for
TDS/CSAB000 oscilloscopes.

R Help Launches the online help file for the TekVISA Toolbar.

Thetoolbar is easy to use. Click a button and a dialog box appears. Within
dialog boxes, you can select the type of data you want to capture and
automatically paste into Excel, along with an optional line chart.

If you let your mouse linger over a button, atool tip will appear indicating
the button’s function. Clicking the Help button launches an online help file
for the TekVISA Toolbar (see page 35).

Adding the TekVISA Toolbar to Excel
The TekVISA Toolbar is an Excel Add-In. During toolbar installation, the

toolbar file (TekVISAToolbar.xla) isnormally placed in a subdirectory of the
main TekVISA files?

14

? Assuming you are installing on the C: drive on a Windows 98 system, the toolbar is placed in
C:\VXIpnp\Win95\TEKvisa\ExcelToolban\TekVISAToolbar.xla. On a Windows NT system, the toolbar is
placed in C:\VXIpnp\WIinNT\TEKvisa\ExcelToolbar\TekVISAToolbar.xla.
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Connecting to Oscilloscopes

When you first ingtall the TekVISA Toolbar, follow these steps to add it to
Excdl:

1. Start up Excel and select Tools > Add-Ins... from the Excel
menu bar.

The Add-Ins dialog box appears.

2. Select the check box next to TekVISA Toolbar in thelist of
choices. If the TekVISA Toolbar does not appear intheligt,
click the Browse... button, navigate to the appropriate
directory, and select the TekVISAToolbar xla file.

A le HE
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[ Ewro Currency Tooks

[ Intemet Asssrant vBA E
[ Lookup Wized

[ vt5 Quary Adéein _ o, |
[~ oOBC Addn

I Heport Hansger

[ Sabvir Beichr

~ T T~ |

Tekvizstnokue

3. Click OK.

The TekVISA Toolbar appears undocked in the Excel program.

Tek¥isa Toolbar B
-IEEX

4. Leavethetoolbar undocked, or drag it up to the Excel
Formatting Toolbar if you want it to remain docked in a

fixed position.
Connecting to Oscilloscopes

The Connect button on the TekVISA Toolbar allows you to select a
TekVISA-enabled oscilloscope with which to establish a connection.

To connect to a Tektronix Windows-based oscilloscope from within Excd:

1. Click the Connect button on the TekVISA Toolbar.
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Saving and Restoring Scope Settings

A dialog box similar to the following appears:

G De 2 L INE TR

_ o |
Refresh |
oo |

By default, the first GPIB device encountered in the
instrument list is selected.

Leave the sdection asis, or select another instrument with
which to connect and click OK.

The connection with the selected instrument is made. Y ou may only
connect to one instrument at atime using the TekVISA Toolbar.

Note: Y ou can click the Refresh button to display any changesto
the list of connected devices since the last time you clicked the
Connect button.

Saving and Restoring Scope Settings

The Settings button on the TekVISA Toolbar alows you to save
oscilloscope settings to afile or to an active Excel workbook, and restore
them later to the oscilloscope.

If you save settings to an active worksheet and then save and reopen the
associated Excd .xlIs file, the settings are automatically assigned to the
oscilloscope.

If you save settingsto afile, you have the option of placing a descriptor in
the settings file. The file can take one of two forms:

16

Files with a .set extension areidentical to settings saved
from within the oscill oscope.

Files with an .stg extension contain both the oscilloscope
settings and a descriptor that you specify when saving the
settings. Descriptors may be up to 256 charactersin length
and can serve as useful reminders when you are storing
many different oscilloscope settings on disk. Descriptors
aso provide an aternative to long file names as away of
differentiating files.
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Saving and Restoring Scope Settings

Save Settings from the Scope

Display Current Settings from the Scope
To capture and display oscilloscope settings:

1. Click the Settings button on the TekVISA Toolbar.
A dialog box with two tabs appears.

2. Select the Save Current Scope Settings tab.

3. Click the Display Current Settings button.

Settings from the oscill oscope appear in ascrollable list box on the
tab.

Note: Y ou can clear the settings at any time, if you wish to
discard them, by clicking the Clear Display button.

Save Scope Settings to a Workbook
To save current oscill oscope settings to the Excel workbook:

1. Select the Workbook option button.
2. Click the Save button.

Oscilloscope settings are saved into an invisible worksheet in the
workbook named TekVISASettings. When you save your work under
Excel, this worksheet is stored inside your .xIs file.

Asign Settings bo Soope  Sawe Current Soope Settings |

| ms":"w AECUIRESTOMFTER PLNETOR il
| etwm | sramr
.} k
FODE SHMPLE
FALIMER 113
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FUSTERIOESTATE O
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Saving and Restoring Scope Settings

18

Note: To make the TekVISASettings sheet visible:

Press Alt+F11 to open the Visud Basic for Applications editor.
Press Ctrl+G to open the Immediate Window.

Type the following line exactly as shown (the nameis
case-sensitive):

Act i vewor kbook. Wor ksheet s(" TekVI SASettings").Visible = True

A tab for the worksheet now appears, with the oscilloscope
settings stored in asingle cell of the sheet. The worksheet
remains visible until you type the following line in the
Immediate Window:

Act i vewor kbook. Wir ksheet s(" TekVI SASettings"). Visible = Fal se

Save Scope Settings to a File
To save the current oscilloscope settingsto afile:

1

Select the File option button.

A descriptor edit box appears above thelist box. By default a
date/time stamp appears in the edit box.

Leave the descriptor asis, or change the descriptor for the
current oscilloscope settings.

Click the Save button.

A Save Asdiaog box appears:
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Saving and Restoring Scope Settings

The default name of thefile is a date/time representation in the
format yymmdd_hhmmss (using two-digit representations of
year/month/day_hour/minute/second). For instance, the file name
010412 183303 represents April 12, 2001 at 6:33:03 PM.

If the descriptor edit box:

e isempty, the default file type in the Save As dialog
box is .set.

e isadate/time stamp, the following message appears,
prompting you for the file type you want to use to
save the oscill oscope settings.

s o i By apws B cistiinegs s . b e et oipbod [V

Cd_w |

e isany other content, the default file type in the Save
Asdiaog box is .stg.

Regardless of the file type presented, you can still select a different
scope settings file type from the Save as type field in the Save As
dialog box.

Leave thefile name and type asis, or change the name
and/or typeto your preferences.

Click Save to save the file under the selected name and type.

A message appears at the bottom of the Settings dialog box
confirming the location of the saved file.
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Saving and Restoring Scope Settings

Assign Stored Settings to the Scope

Assign Settings from a Workbook
When you save your work under Excel, the TekVISASettings worksheet is
stored inside your .xls file. When you open the Excdl file later, the settings
saved in the workbook are automatically loaded into the oscilloscope by a
stored Excel macro. If for some reason this macro fails to execute, you can
assign settings stored in the workbook by taking the following steps:

1. Click the Settings button on the TekVISA Toolbar.

A dialog box with two tabs appears.

2. Select the Assign Settings to Scope tab.

3. Choose the Workbook option button.

4. Click the Assign Settings to Scope button.

Settings are assigned to the oscilloscope immediately.

Assign Settings from a File

To assign settings to the oscilloscope from those stored in afile:

1. Click the Settings button on the TekVISA Toolbar.

A dialog box with two tabs appears.

2. Select the Assign Settings to Scope tab.

3. Choose the File option button.

4. Click the Assign Settings to Scope button.

An Open File dialog box appears showing (.set) and (.stg) files.
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5. Select the desired file and click Open.
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Capturing and Graphing Waveforms

Settings appear in the Assign Settingsto Scope tab’ s list box, and the
settings are assigned to the oscilloscope. For settings stored in (.stg)
files, the descriptor also appears above the list box as shown:

Aasigp Settrgs o Sope | Seve Current Scnpe Settngs |
Demplyy sattings stored in; Sattings Dwsoiphor

™ warkbnsk P‘h1 EE TG
LCOUIRE STOPIFTER ALWGTOR .
= Fia STATE r-.w i

MUMERY LD
FLMANG 16

e
FasTH CrSTATE O
APPLICATION GPYNOE (I TVE D
L D AT O R il R DVE D1
SPPLICATION "SINCCR MEIGHT 226
By Setlings WIDTH &40

b Soopa SEEPLDCATION SLDEEAFE ST R TE HLR
WO FLLLSCREIN
BPPLICATION EXTAPP ISTATE '1-".-[?.‘:'

I:H-H[td-h'l

Fn'.na seHtrags from e 0Io L3 LEol L, 5ty

Capturing and Graphing Waveforms

The Waveform button on the TekVISA Toolbar alows you to capture the
time and values of a single waveform sequence into the current worksheet,
beginning at a chosen cell location. Y ou select the type of waveform (such as
Sample or Average—see page 42) on the oscilloscope before the capture.

Waveform data from all selected channelsis captured and placed into the
active sheet. The waveform captureis limited to 65000 rows of data, the
approximate number of rowsin Excel spreadsheets.

Y ou also have the option of charting the waveform data. Y ou can have the
chart inserted into the active sheet or a separate sheet.

Note: If you want to capture triggered waveform datainstead of a
single untriggered sequence, see the TriggerCapture button on page
32.

For information about clearing the active sheet, see page 23.

To capture waveforms into an Excel spreadsheet and, optionally, graph it:

1. Sdlect the Waveforms button on the TekVISA Toolbar.
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Capturing and Graphing Waveforms

A dialog box similar to the following appears:
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All active channels are displayed, along with the number of data
points in the waveform sample, derived from oscill oscope settings.
The current measurement source channel isindicated by the
appearance of the word Measure to the right of the measurement
channel (screen appearance is dightly different for TDS/CSA8000
Series Oscilloscopes).

Note: Y ou can click the Refresh button to display any
oscilloscope changes to the number of active channels, the
measurement source channel, or the number of data samples.

2. Select the channel(s) from which you want to capture data.
(Hold down the Ctrl key while clicking if you want to make
multiple selections.)

3. Select the starting cell in which to begin inserting the
waveform, or leave the default asis (Al).

Y ou can specify the starting cell either by scrolling through the
column and row values, or by directly entering the row and column
valuesin the edit boxes under the Start Data Display heading.
Possible Excd starting cells range from A1 to AZ99. Starting cell
designations must take the A1-style format rather than the R1C1-
style format (explained on page 68).

4. If you want to generate an Excel graph on completion of the
waveform capture, select the Generate Excel graph check
box to enable the graph placement option buttons, and click
Activesheet or New Sheet, depending on where you want
the chart inserted.

5. Click OK to start the acquisition and display the datain the
active sheet starting at the designated cell.
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Clearing the Active Sheet

A single time column is displayed and the data values from all
selected channels appear in successive columns (with a maximum of
65000 rows).

If you checked the box to graph the data, a stacked line graph
appears after the capture, either in the active sheet (as shown here) or
in a separate chart sheet. If necessary, you can modify this chart

using Excdl.
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Clearing the Active Sheet

The Clear ActiveSheet button is available on the dial og box displayed when
you click the Waveform, Measurement, or TriggerCapture buttons on the
toolbar. Behavior isthe samein all three cases.

To clear the active sheet (data and charts):

1. Click the Clear Activesheet button.
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Capturing and Graphing Measurements

24

2.

The following prompt message appears.
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Click Yes to clear dl contentsd data and charts.

Thisclearsall data, all cell formulas, and al cell formatting from the
active worksheet cells. It also removes any embedded chartsinside
the active worksheet.

If the active sheet is a separate chart sheet, select the sheet
|abeled TekChart1, and click the Clear Activesheet button.

The following prompt message appears.
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Click OK to clear the chart.

The TekChart1 chart sheet is removed.

Capturing and Graphing Measurements

The Measurement button on the TekVISA Toolbar alows you to capture
single or repeated timed measurement(s) and optionally graph them as well.

Capture Single Measurement(s)
To capture one or more single measurements:

1

Select the Measurement button on the TekVISA Toolbar.

A three-tabbed dialog box appears.

Choose the Selection tab.

All active channels are displayed. The current measurement source
channéd isindicated by the appearance of the word Measure to the

right of the measurement channel (screen appearanceis slightly
different for TDS/CSAB8000 Series Oscilloscopes).
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Capturing and Graphing Measurements

Note: Y ou can click the Refresh button to display any
oscilloscope changes to the number of active channels or the
measurement source channel.

3. Select the Single Capture option button.

The Timing and Charting tab forms disappear and a Select All check
box appears on the Selection tab.

4. Click ameasurement from the list box under the Select
Measurement(s) heading to select it. To select multiple
measurements, hold down the Ctrl key while highlighting the
measurements you want to select, or select the Select all
check box as shown to select all measurements available in
thelist.

TekVics Hedouicmen] Capluie
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5. Click the Show Engineering Units box if you want to have
engineering units such as Vv, ms, or % displayed next to each
measurement.

6. Select the starting cell in which to begin inserting the
measurement(s), or leave the default asis (Al).

Y ou can specify the starting cell either by scrolling through the
column and row values, or by directly entering the row and column
valuesin the edit boxes under the Start Data Display heading.
Possible Excd starting cells range from A1 to AZ99. Starting cell
designations must take the A1-style format rather than the R1C1-
style format (explained on page 68).
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26

7.

Click Columns or Rows, depending on how you want the
data arranged.

Usually captured measurements are placed in columns, because there
are over 65000 rows in an Excel worksheet, whereas dataplaced in
rows is subject to a 256-column limit in Excel workshests. If you
choose the Select All check box, however, the Rows option button is
selected by default because these measurement snapshots are best
displayed vertically, with engineering unitsin a column to the right.

Click Activesheet or New Sheet, depending on where you
want the datainserted.

Note: For information about clearing the active sheet, see page
23.

Click Start.

Measurements are taken of the channel with the word Measure to its
right in the Active Channels list box. Measurement heading(s) and
current values, along with their units of measure, are placed in the
selected sheet starting at the designated cell.
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Capture and Graph Repeated Measurement(s)
To capture multiple timed measurement(s):

1

Select the Measurement button on the TekVISA Toolbar.
A three-tabbed dialog box appears.

Choose options from the Selection tab (see Select
M easurement(s) on page 28), the Timing tab (see page 30),
and the Charting tab (see page 31).

When you have made all your selections, click Start from
any of thetabs.

M easurements are taken of the channel with the word Measure to its
right in the Active Channels list box (screen appearance is slightly
different for TDS/CSA8000 Series Oscilloscopes). Measurement
heading(s) and current values, along with their units of measure, are
placed in the selected sheet starting at the designated cell. An
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Capturing and Graphing Measurements

optional chart may also appear in the active sheet as shown here, or
in a separate chart sheet:
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Select Measurement(s)
To select the measurement(s) to capture:

1. Choosethe Selection tab.

All active channels are displayed. The current measurement source
channel isindicated by the appearance of the word Measure to the
right of the measurement channel (screen appearanceis slightly
different for TDS/CSAB8000 Series Oscilloscopes).

Note: Y ou can click the Refresh button to display any
oscilloscope changes to the number of active channels or the
measurement source channel.

2. Select the Repeated timed captures option button.

3. Click ameasurement from the list box under the Select
M easurement(s) heading to select it. To select multiple
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Capturing and Graphing Measurements

measurements, hold down the Ctrl key while highlighting the
measurements you want to select.

Note: The example here shows TDS/CSA8000 Series
Oscilloscope measurements, which include the source channel
and timebase a ong with each measurement.
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4. Click the Show Engineering Units box if you want to have
engineering units such as Vv, ms, or % displayed next to each
measurement.

5. Select the starting cell in which to begin inserting the
waveform, or leave the default asis (C1).

Y ou can specify the starting cell either by scrolling through the
column and row values, or by directly entering the row and column
valuesin the edit boxes under the Start Data Display heading.
Possible Excd gtarting cells range from A1 to AZ99. Starting cell
designations must take the A1-style format rather than the R1C1-
style format (explained on page 68).

6. Click Columns or Rows, depending on how you want the
data arranged.

Usually captured measurements are placed in columns, because there
are over 65000 rows in an Excel worksheet, whereas data placed in
rowsis subject to a 256-column limit in Excel worksheets.

7. Click Activesheet or New Sheet, depending on where you
want the data inserted.

Note: For information about clearing the active sheet, see page
23.

Oscilloscope Analysis and Connectivity Made Easy 29



Capturing and Graphing Measurements

Specify Timing
To specify timing of the capture:

1. Select the Timing tab.

2. If you want the measurement capture to begin as soon as you
click the Start button, choose the Immediately option button.

3. If you want to delay measurement capture until a specified
time:

a. Choose the Specified Time option button.

b. Inthe Day box, type or select the date to begin the
measurement capture.

c. Inthe Time box, type or select the hour and minute to
begin the capture.

4. IntheInterval box, type or select atime value to specify the
interval between captures. Notice that this value adjusts the
Record Length value.

5. Inthe Duration box, type or select atime value to specify the
duration of each capture. Notice that this value adjusts the
Record Length value.

6. If necessary, change the value in the Record Length text box
to change the record length of each capture. Notice that this
value adjusts the Duration value.

For example, suppose that a capture with a 2-second interval and a
1-minute duration displays arecord length of 30. If you change the
capture to a 3-second interval, the record length changes to 20. If
instead, you keep the 2-second interval and change the record length
to 60, the duration changes from 1-minute to 2-minute.
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Choose Charting Options

To specify charting options for the capture:

1

Select the Charting tab.

The No Chart option appears preselected as the default option.

the Periodically opti
the percentage of co
updates.

If you want charting to take place at periodic intervals, click

on button and choose 10, 20, 25, or 50 as
mpletion interval for periodic chart

If you want charting to take place after al measurement

capturing compl etes, click the Upon Completion option

button.

Click Activesheet or New Sheet, depending on where you

want the chart inserted.

Note: For information about clearing the active sheet, see page

23.
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Capturing Triggered Waveforms

The TriggerCapture button on the TekVISA Toolbar alows you to capture
the time and values of atriggered waveform and/or measurement(s) into the
current worksheet, beginning at a chosen cell location. Y ou select the type of
trigger event (such as Edge or Glitch), the type of waveform (such as Sample
or Average—see page 42), the active channels, and the measurement channel
on the oscilloscope before the capture. The toolbar dialog box allows you to
select one or more active channels from which to capture a waveform, and
one or more types of measurements to capture over the measurement
channdl.

If you select the Waveform Data check box, waveform data from all selected
active channels is captured and placed into the active sheet when the trigger
event occurs. The waveform capture islimited to 65000 rows of data, the
approximate number of rows in Excel spreadsheets.

If you select the Measurement Data check box, measurement data from the
measurement channel is captured and placed into the active sheet (in a
column before any captured waveform data) when the triggered event occurs.

Y ou have the option of performing a specified number of captures.

Note: If you want to capture a single untriggered waveform sequence
instead of triggered waveform data, see the Waveform button on page 21.
If you want to capture untriggered measurement data, see the
Measurement button on page 24.

For information about clearing the active sheet, see page 23.

To capture triggered datainto an Excel spreadsheet:

1. Select the TriggerCapture button on the TekVISA Toolbar.
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Capturing Triggered Waveforms

A dialog box similar to the following appears:

Tk WISA Tesggpeied apluiies

All active channels are displayed, along with the number of data
points in the waveform sample, derived from oscill oscope settings.
The current measurement source channel isindicated by the
appearance of the word Measure to the right of the measurement
channdl.

Note: Y ou can click the Refresh button to display any
oscilloscope changes to the number of active channels, the
measurement source channel, or the number of data samples.

2. If you want to capture triggered waveform data from the
measurement source channel:

a.  Select the Waveform Data check box.

b. Click to select one or more active channelsin thelist
box from which to capture the data.

3. If you want to capture triggered measurement data:
a.  Select the Measurement Data check box.

b. Click to select one or more measurements in the list box
to capture over the Measurement channel.

c. Click the Show Engineering Units box if you want to
have engineering units such as Vv, ms, or % displayed
next to each measurement.

4. Select the starting cell in which to begin inserting the data,
or leave the default asis (AL).
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Y ou can specify the starting cell either by scrolling through the
column and row values, or by directly entering the row and column
valuesin the edit boxes under the Start Data Display heading.
Possible Excd gtarting cells range from A1 to AZ99. Starting cell
designations must take the A1-style format rather than the R1C1-
style format (explained on page 68).

Specify the number of capturesto perform or leave the
default value of 1.

Click OK to start the acquisition and display the datain the
active sheet starting at the designated cell.

For measurement data, a time stamp for the triggered event appears
in the first row of a column, followed by the requested
measurement(s), with engineering unit(s) added if that box was
checked.

For waveform data, times for each data point appear in the first
column. The first row of subsequent columns contains a time stamp
for each capture of atriggered event. Below the time stamp,
waveform data values appear in successive rows (with a maximum
of 65000 rows). The number of columns of data varies depending on
the number of captures.
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Getting Help with the TekVISA Toolbar

The Help button on the TekVISA Toolbar displays online help for the
toolbar. When you click this button, the following Help screen appears:
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Y ou can navigate through the pages of this online help system using the
usual buttons and links available in Windows-based Help files.
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TekVISA Toolbar Source Code

Tektronix used the TekVISA ActiveX control to build the TekVISA Toolbar
described in this chapter. The source code for this Add-In along with
explanatory text is available on the companion CD that accompanies this
book. Y ou can also view the source code by loading the TekVISA Toolbar
and going to the Excel Visual Basic Editor (select Tools > Macro > Visual
Basic Editor or press Alt+F11).

The source code isagood placeto look if you wish to build your own
specialized Excel Add-In or customize the TekVISA Toolbar. Before dealing
with the extra complexity of building an Add-In, however, look over the rest
of the chaptersin the Excd part of this book. These chapters introduce you to
the TekVISA ActiveX control, and take you step-by-step through procedures
for using Excel VBA to build some simple dialog boxes for capturing
oscilloscope data and communicating with your oscilloscope.

Chapter 2 Review
To review what you learned in this chapter:

* You learned that you do not have to do any programming
to use the TekVISA Toolbar.

* You learned how to use the TekVISA Toolbar to establish a
connection between Excel and your oscilloscope and get or
set scope settings.

* Youlearned how to usethe TekVISA Toolbar to acquire
measurement and waveform data from your oscilloscope
and optionally chart it.

¢ You learned that the TekVISA Toolbar source code is

available to you if you want to customize the functionality of
the toolbar or learn how to build your own.
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Introduction

Chapter 3:
Understanding the TekVISA ActiveX

Control

Some background information about
oscilloscope controls and commands

Introduction

Chapter 2 examined the functionality of atoolbar that enables
point-and-click communication between your oscilloscope and Microsoft
Excdl. If you want more detailed information on the workings of those
functions or want to create your own connectivity functions, read this

chapter.

Background Information

In this chapter, you will:

1

2.

Review some general terminology.

Become familiar with the TekVISA ActiveX Control used to
build the TekVISA Toolbar Add-In. Y ou will learn about
using this control to acquire and receive oscill oscope data
and pass it to Excel VBA and Visual Basic 6.0 automation
interfaces.

Review information about GPIB commands and queries
that are native to your oscillscope.

Learn how some TekVISA ActiveX Control methods can be
used to send native GPIB commands and queries to the
oscilloscope from Excel or Visual Basic programs and
receive the results, if any.
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Terminology

This chapter uses the same terminology as Chapter 1. In addition, you will
become familiar with afew new terms as shown in Table 4.

Table 4: Some command and control terminology

Term

Automated
Acquisition

Waveform
Acquisition
program

TekVISA API

TekVISA ActiveX
Control

Native GPIB
commands and
queries

VXI Plug-n-Play
driver commands

VXI-11 LAN Server

Meaning

A set of application programming interfaces (APIS) to your
oscilloscope that let you automate the same functions you would
normally perform using the knobs and graphs on your
oscilloscope. Includes elements discussed below.

A Visual Basic program, either stand-alone or used in conjunction
with Excel, which uses the TekVISA Control and GPIB
commands to implement a direct waveform connection.

A set of resources, operations, attributes, and events that
conform to the VISA standard for building drivers for test and
measurement equipment.

A set of methods, properties, and events that encapsulate
portions of the TekVISA API and provide an easy way to use VB
or VBA to get waveforms or to send GPIB commands and
queries to the oscilloscope and obtain query responses back
from the oscilloscope.

A set of GPIB commands and queries native to specific Tektronix
Windows-based oscilloscopes, that can be passed by certain
TekVISA ActiveX Control methods.

A set of driver commands for controlling specific Tektronix
Windows-based oscilloscopes. These commands conform to
VXIPlug&Play standards, and enable connectivity with
LabWindows/CVI and LabVIEW.

A software component that supports LAN-based instrument
communication using the VXI-11 communications protocol, a part
of the TekVISA software.

Automated Acquisition

To perform automated acquisition, you will add two kinds of elements to
your program:

« Native GPIB commands and queries based on ANSI/IEEE
standards that define the GPIB hardware interface, signals,
and common commands

e The TekVISA ActiveX Control based on the VISA standard
for building test and measurement system drivers
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Native GPIB Commands and Queries

To use an anaogy, native GPIB commands are like telephone numbers. Y ou
have to specifiy things like the country code, area code, exchange, and the
extension. TekVISA ActiveX Control methods are more like speed

dialing they provide shortcut ways to send telephone numbers or, in this
case, native GPIB commands.

In subsequent chapters, you will use some native GPIB commands and
queriesto control waveform acquisition and measurement functions of your
instrument. These commands follow GPIB interface conventions. Table 34
and Table 35in Appendix A explain the subset of native GPIB commands
and queries used in this book.

e Commands modify instrument settings or tell the
oscilloscope to perform a specific action.

e Queries cause the oscill oscope to return data and
information about its status.

To learn more about the full set of native GPIB commands, see the Online
Programmer Guide for your Tektronix Oscilloscope Series.

TekVISA ActiveX Control Methods, Properties, and Events

The TekVISA ActiveX Control includes asimple set of Visual Basic methods,
properties, and events that overlay more detailed operations defined in the
TekVISA API.

Because these ActiveX Controls use in-process cals, they execute nearly as
fast asif you had coded to the TekVISA API itself. Asyou saw from using
the TekVISA Toolbar[J which was written in Visual Basicl this can mean
rapid application development without the usual loss of performance
associated with amore simplified, higher level interface.

In upcoming chapters, you will become more familiar with the TekVISA
ActiveX Control that provides a portal into your oscilloscope. You will learn
how to customize interfaces by accessing this control through its methods,
properties, and events:

*  Some methods, such as Query, WriteString, and ReadString
involve more detailed programming that directly accesses
native GPIB commands.

»  Other methods, such as GetWaveform, offer much higher-
level interfaces that consolidate multiple TekVISA
operations and involve fewer lines of code.

Table 36 in Appendix A summarizes the methods, properties, and events of

the TekVISA ActiveX Control used with Excel VBA and Visual Basic 6.0
examples.
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Chapter 4. A Simple Program
To Get Waveforms

Using VBA to import real-time waveforms into
Excel

Introduction

Y ou have looked at how to use the TekVISA Toolbar to import data quickly
into Microsoft Excel, and learned about the TekVISA ActiveX Contral. In
this chapter, you will paste the TekVISA ActiveX Control onto aform and
build a simple user interface to transfer acquisition data from the oscill oscope
to your spreadsheet/worksheet. Thiswill add adirect connection for
waveforms to Excel (1 a connection that automatically gets waveform data
out of the oscilloscope and insertsit into Excel.

If this application solves your waveform data acquisition needs as supplied,
you can useit “asis’ with Excel. In that case, you may wish to load it from
the companion CD and immediately begin using it. However, if you think
you might want to customi ze the application, read ond because you will
explore the inner workings of the underlying VBA program in some detail.

GPIB Commands for Waveform Acquisition

Before writing the program, you will examine some relevant Native GPIB
commands that involve waveform acquisition. Then you will look at the
GetWaveform method exposed by the TekVISA ActiveX Control.

Waveform Data
Waveform data points are a collection of valuesthat define a waveform. One
data value usually represents one data point in the waveform record.

Y ou can get waveform data from the oscilloscope by using the CURVE?
query. Before you transfer waveform data, you must typically specify the
dataformat, record length, and waveform source.
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Waveform Data Formats

Acquired waveform data uses eight or more bitsto represent each data point.
The number of bits used depends on the acquisition mode specified when
you acquired the data. For example, on Tektronix real-time Windows-based
oscilloscopes (such as TDS5000 and TDS7000 Series oscilloscopes), data
acquired in SAMple or ENVelope mode uses eight bits per waveform data
point. Data acquired in AVERage mode uses up to 14 bits per point.

Y ou specify the format with the DATa:ENCdg command. The instrument can
transfer waveform datain either ASCII or binary format.

Binary data can be represented by integer or floating-point values. The range
of the values depends on the number of bytes specified. When the byte
number is one, signed integer data ranges from -128 to 127, and positive
integer values range from 0 to 255. When the byte number is two, the values
range from -32768 to 32767. When aMATH (or REF that came with a
MATH) isinvolved, 32-hit floating-point values are used that are four bytes
in number.

The defined binary formats specify the order in which the bytes are
transferred.

* RIBinary specifies signed integer data-point representation
with the most significant byte transferred first. SRIbinary is
the same as RIBinary except that the byte order is swapped
so the least-significant byte is transferred first.

* RPBinary is positive integer data-point representation, with
the most significant byte transferred first. SFPbinary isthe
same as RPBinary except that the byte order is swapped so
the least-significant byte is transferred first.

* FPBinary is single-precision floating-point representation of
data whose width is 4. SFPbinary is the same as FPBinary
except that the byte order is swapped so the least-significant
byteistransferred first.

Waveform Record Length

Y ou can transfer multiple points for each waveform record. Y ou can also
transfer a portion of the waveform or the entire record. When transferring
data from the instrument, you can specify the first and last data pointsin the
waveform record. Setting DATa:STARt to 1 and DATa:STOP to the record
length will always return the entire waveform.

Waveform Source

The DATa:SOUrce command specifies the waveform source when
transferring a waveform from the instrument. Y ou can only transfer one
waveform at atime.
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Waveform Preamble

Each waveform that you transfer has an associated preamble that contains
information such as the horizonta scale, the vertical scale, and other settings
in effect when the waveform was created.

Y ou can get preambl e data from the oscilloscope by using the WFMOutpre?
query.

The TekVISA ActiveX Control and Waveform Acquisition

TekVISA provides away to get waveforms without having to issue al the
GPIB commands just summarized. If you only want to get waveform data at
the current oscill oscope settings, without altering those settings
programmatically, you can use the method discussed next.

The GetWaveform Method

The TekVISA ActiveX Control provides away to combine the equivalent of
dozens of native GPIB commands or multiple TekVISA API operationsin a
single method called Getwaveform. This method gets a waveform at the
current oscilloscope settings, along with its sampleinterval and trigger
position. Y ou can specify the channel from which to retrieve the waveform
and the desired screen resolution to use in displaying the waveform.

Note: If the waveform setting is MIN/MAX, this method gets double
the number of points and still displays the waveform correctly.

Other Methods of Waveform Acquisition

Asshown in Figure 7, you can use ActiveX Control methods like WriteString
to send and receive native GPIB commands and queries (such as ACQuire
and CURVE?) to your oscilloscope, and methods like ReadString to receive
responses from the oscilloscope (such as waveform datain the form of an
array named wave in this example). Or, you could use the GetWaveform
method to do virtually the same thing.
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TekVISA Visual Basic
ActiveX Control

. with TVCRef
native Writestring (ACQ:STATE:RUN)
GPIB oscilloscope | .Writestring (CURVE?)
command .Readstring (wave)

and query interface

(&

high-level with TVCRef
wavefrom data Call .GetWavefrom (source,wave, ...)

acquisition \/\

Y

wavefrom data

Y

Visual Basic Visual Basic

~ | with objSheet If IsArray (wave) then

.Cells(r,c).Resize()
.Cells(r,c).Value =wave

'get length of array Y

* Excel Other VB

Automation Programs
interface

Figure 7: How TekVISA ActiveX Controls interface with Excel VBA and VB

Getting Started

What You Need to Get Started

Y ou can work this example either on a separate PC or on your Windows-
based oscilloscope, using either the Excel Visua Basic for Applications
Editor or Visual Basic 6.0. To get started, you will need the following:

e A Windows-based Tektronix oscilloscope (an external
monitor is recommended if you are working the example on
your oscilloscope)

e Excel 2000 or XP (or Visual Basic 6.0) installed on your
oscilloscope or on an attached external PC

* TheTekVISA connectivity software described in Chapter 1
(see page 323 for the location of the completed example)
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What You Will Do

In this chapter, you will learn how to use VBA (or VB) to build a program
with features similar to the one that runs when you click the Waveform icon
on the TekVISA Toolbar. This sample program illustrates how to capture
raw waveform data at the current oscilloscope settings and insert it into your
spreadsheet.

Figure 8 shows the design-time interface that you will create. As you can see,
the user interface consists of a VBA UserForm with one Frame on the left
and one unframed List Box on theright. A Label appears above the List Box.
The Frame groups these fields:

e three caption Labels

e three Labels being used to hold results

+ two Command Buttons

Each caption Label appearsto the left of each empty result Label.
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Figure 8: The form you will design for the GetWaveform example
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This UserForm allows users to get the following information when they click
the Get Waveform button:

« thecurrently active TekVISA resource device being used for
the waveform transfer

« the current data point sample values of the waveform and
associated times (relative to the trigger point), displayed in
two columns in the spreadsheet

» thecurrent record length of the waveform being retrieved
(calculated by subtracting the starting data point from the
ending data point)

e thecurrent sample interval of the waveform being retrieved

Figure 9 shows the same UserForm at runtime after fields have been

the current trigger position of the waveform being retrieved

populated with results.
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Figure 9: The Get Waveform form at runtime
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After sending waveforms to an empty spreadsheet as shown in Figure 9, you
will use the same program to send waveforms to the Excel clock jitter
example (Figure 10) from the Oscill oscope Connectivity Made Easy book.
This example has been provided in its completed form on the CD that

accompanies this book. (The spreadsheet is set up to receive datain the

format exported by TDS7000 Series Oscilloscopes.)
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Figure 10: Excel Clock Jitter example

What You Will Learn

The purpose of this chapter isto illustrate some basic operations of the
TekVISA ActiveX Control and familiarize you with the interface. Once you

have gone through this chapter, you will know how to:

* addthe TekVISA ActiveX Control to thelist of available

controlsin Excel, and use some of its properties and methods

* design and create a UserForm in Excel by dragging and
dropping controls onto the form

« modify controls on the form by changing propertiesin the
Properties window

» expand the VBA code blocks created by inserting controls

e add abutton to run the VBA program that you just created
from your Excel spreadshest
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e insert and run the program in a blank spreadsheet

e insert and run the program with a spreadsheet that already
contains data and formulas

» find out the changes you will need to make if you want the
program to run in Visua Basic 6.0 instead of Excel VBA

The Get Waveform Example in Excel VBA

Building the Form

If you are dready familiar with the Visua Basic for Applications design
environment, the step-by-step instructions below may seem elementary. If so,
you may wish to skip the instructions on how to build the UserForm and just
refer to Figure 8 on page 45 and Table 7 on page 55 for details on building
the user interface, then have alook at the code. Later chapters focus
primarily on the VBA code and assume you are already familiar with VBA’s
visual editing toolsfor constructing dialog interfaces.

Open VBA in Excel (Alt+F11)
To begin building the UserForm:

1. Open Excel and save the spreadsheet under the name
Getwaveform.xls.

2. Toaccessthe Visual Basic for Applications design
environment from within Excel, select Tools > Macro >
Visual Basic Editor or press ALT+F11.

Note: The keystroke combination ALT+F11 switches you back
and forth between the Excel spreadsheet and the Visua Basic
Editor.

Tools Data Window Help

Vg, 7 | @ T A& &% D]

AukoCorrect. ..
g JIERENRE:

= +:§|

Look Up Reference. .,

Share Workbook, ., F | G | H
Track Changes 3

[ferae Workbaaks.,

Protection 3

Goal Sesk. ..

SCenarios. ..

Auditing 3

Salver...

Macro p Macros. .. AlE+FE
add-Ins... & Record New Macro,, .
Customize, ..

= Ve visual Basic Editor  Alt+F11

Ootions...
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The Microsoft Visua Basic screen appears with the Project Explorer
window on the top |eft, the Properties window on the bottom |eft,
and space on the right for the Code window or Object Browser to

display.

4 Microsoft Visual Basic - Book] - [Sheet] (Code]]

” Eile Edit W¥iew Insett Farmat Debug Rum Tools Window Help _|El|5||

(@B 2ealoc] ), @ o ¥Es 2O
/BAPrOjeC =]

&% yBAProject (Book1) ] =
- icrosoft Excel Objects
ect] (Sheetl)

Sheet (Sheet2)

Sheet3 (Sheet3)

887 Thisworkbook

@i ¥BAProject (Example0.xls)
=25 Microsoft Excel Objects

Propetties - Sheetl
|5heet1 ‘Warksheet
Alphabetic ICategorized I

nﬂm Sheet1

DisplayFageBreaks False
EnableAutoFilker  False
EnableCalculation | True
EnableCutlining  False
EnablePivotTable  |False
EnableSelection |0 - xINoRestrictions
Mame Sheet1

Scrollarea

StandardWwidth .43

visible -1 - ¥Isheetvisible o

3. If you do not see the Project Explorer or Properties window,
display them by selecting icons from the standard tool bar
(see Table 5).

Table 5: Useful icons on the VBA Standard Toolbar

Icon Name Select from

Insert UserForm  Standard Toolbar
Object Browser Standard Toolbar
Project Explorer  Standard Toolbar
Properties Standard Toolbar

Toolbox Standard Toolbar

AEYE T
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Insert a UserForm
To begin building a UserForm:

1. Click thelnsert UserForm icon on VBA’s Standard Toolbar:
?:I‘El

A UserForm appears with the name UserForm1 preassigned

Jusorromn

aong with the Controls Toolbox for adding controls to the form.

Controls I

kA ablEBER

M o& 2 [
SRR =R P
m

Table 6 showsicons on the Controls Toolbox that are relevant to this
book.
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Table 6: Icons for VBA controls used in this book

Icon Icon Name Select from
™ Checkbox Controls Toolbox
1 CommandButton  Controls Toolbox

= Frame Controls Toolbox

A Label Controls Toolbox
Listbox Controls Toolbox
a Spin Button Controls Toolbox
ahl Textbox Controls Toolbox

Add the TekVISA ActiveX Control
To add the TekVISA ActiveX Control to the UserForm:

1. Select Tools > Additional Controls.
The Additional Controls dialog box appears.

2. Place an X in the box next to the TekVISA Control
(TvcControl) and click OK.
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The TekVISA Control icon ik is added to the Controls Toolbox.

EET =]
I:-:mm|
kA abl ] o
I i
5 8E
oy

Drag the TekVISA Control icon from the Controls Toolbox
onto the lower right quadrant of UserForm1 where it appears
asanicon at design time, but isinvisible at runtime.

By adding the Control to your Userform, you have made all its
methods, properties, and events available to be called by your code.

Design the Form
To design the Get Waveform UserForm:

1

Insert a Frame into UserForm1 using one of the following
techniques:

Note: Frames are used to group and organize other controls.
a. Click the Frame in the Toolbox and then click in the
UserForm, or
b. Drag the Frame from the Toolbox to the UserForm, or

c. Double-click the Frame in the Toolbox, and then click in
the UserForm once for each Frame you want to create.

The Frame appearsin its default size. VBA automatically gives
it the name Framel.

Note: Y ou can use similar techniques to insert other kinds of
controlsin a UserForm or to insert controlsinside a Frame.

Position the frame on the | eft side of the UserForm and, if
necessary, drag the sides or corners of the Frame to change
itssize.

Drag a List Box onto the right side of UserForm1. VBA
automatically namesit ListBox1.
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4. Addtwo Command Buttons to the bottom of Frame1,
placing them side by side.

Note: To place a control within aframe, you can use any of
the techniques described in step 1. As an alternative, you can
give the frame focus by clicking it, and then cut or copy a
control elsewhere on the form and paste it into the frame.

5. Similarly, add six Labels to Framel and a seventh Label
above ListBox1, making sure that each control is placed as
shown in Figure 11.

|| | L]
Label? :

ot :
apell 110 :
Labsadd Sc ) dSocliococococosoo050 0000
Em‘lm‘-ﬁ.ﬂm:l[. CormandButions | D00l Do o DI Il oIl

Figure 11: Get Waveform form before changing default properties

Getting Help

Labels are not just used for captions. Labels 4 through 6 will be used to hold
results’] specifically, additional waveform values (record length, sample
interval, and trigger position) associated with the waveform data.

Y ou can find out more about using Labels by taking alook at the Help
facility:

1. Fromthe Microsoft Visual Basic menu bar, select Help >
Contents and Index > Microsoft Forms Design Reference >
Label Control.

2. Click Example and select Zoom Event Example to see usage
of Labelsin acoded example.

Asshown in Figure 12, the text explains that you can use a Label to

display the current value. Examples like these can be very useful
when you are writing VBA code.
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Help Topics Back Options
Label Control
See Also Exarmple Properties hethods
Everts

Displays descriptive text.

Remarks

A Label control on a form displays
descriptive text such as titles, captions,
pictures, or brief instructions. For example,
labels for an address book might include a
Label for a name, street, or city. A Label

doesn't change as you maove from record to
record.

The default property for a Label is the
Caption property.

The default event for a Label is the Click

Topics Found [ 2]

Click a topic, then click Display.

Style Property Example for MultiFage and T abStrip

Shle Property Example for MultiPage and T abStip
o Eyvent Example

oom Event Example

Bl Microsoft Forms Reference =] B3 | Bl Visual Basic Example 1 ] B

Zoom Event Example

Applies To
The fallowing example uses the Zoom event to evaluate the =]
new value of the Zoom property and adds scroll bars to the
form when appropriate. The example uses a Label to display _|

the current value. The user specifies the size for the form by
using the SpinButton and then clicks the CommandButton
to set the value in the Zoom property.

To use this example, copy this sample code to the
Declarations portion of a form. Make sure that the farm
contains:

+ A Label named Labell.

+ A SpinButton named SpinButtoni.

+ A CommandButton narmed CommandButton?.

+ Other contrals placed near the edges of the form.

Private Jub CommandButtonl Click()
Zoom = SpinEuttonl.Value
End Sub

Private Sub SpinButtonl SpinDowni)
Lakbell.Caption = SpinButtonl.Value
End Sub

Private Sub SpinButtonl Spinlp ()
Lakell.Caption = SpinButtonl.Value
End Sub

Private Subh TlserForm Tnitializei) ;I

Figure 12: Using the VBA Help facility

Changing Properties in the Properties Window
Table 7 summarizes all the changes to make in the Properties window to

modify the UserForm from its appearance in Figure 11 to itsfinal appearance

in Figure 8.
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Table 7: Changes to make in the Properties window to Get Waveform

Control
UserForm1l
tve (TekVISA)
Framel
Labell
Label2
Label3
Label4

Label5

Label6

Label7
Listbox1

CommandButtonl

CommandButton2

Property
Caption
(Name)
Caption
Caption
Caption
Caption
(Name)
Caption
BackColor
Special Effect
(Name)
Caption
BackColor
Special Effect
(Name)
Caption
BackColor
Special Effect
Caption
(Name)
(Name)
Caption
(Name)

Caption

Change from
UserForml

Tvel

Framel

Labell

Label2

Label3

Label4

Label4

Button Face

Flat

Label5

Label5

Button Face

Flat

Label6

Label6

Button Face

Flat

Label7

Listbox1
CommandButtonl
CommandButtonl
CommandButton2

CommandButton2

Change to

Get Waveform

Tvcl (no change needed)

Waveform Data
Record Length
Interval

Trigger

LbIRL

(no Caption)

Button Light Shadow
Sunken

Lblinterval

(no Caption)

Button Light Shadow
Sunken
LblTriggerPos

(no Caption)

Button Light Shadow
Sunken

Devices

IstDevices
cmdGetWaveform
Get Waveform
cmdClear

Clear

To make the code more meaningful, you will aso rename some of the
controls that will correspond to variable names and subroutine namesin the
VBA code logic you will write later. Changes to names are underlined in the
table, to help distinguish them from captions. To support good coding
practice, dways name a control first before changing any of its other
properties, if you think you might want to associate it with a code block later.

Note: A control’ s name corresponds to its subroutine name or
variable name in the code. A control’ s caption appears on the

UserForm and affects how the form looks, but has nothing to do with

the code.
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To use the Properties window to change the properties of controls:

1. Inthe Properties window, change the caption (not the name)
for UserForm1 to Get Waveform.

2. Change the caption for Frame1 to Waveform Data.

3. Changethe caption for Labell to Record Length.

Fropeibes - Labell E
[Labell Label =1

and resize Labell by dragging the box handlesif necessary.

{Fecord Length []-
D )

Note: If you want alabel to appear on two lines, change its Wrap
property to True.

4. Change the caption for Label2 to Interval and the caption for
Label3 to Trigger.

5. For Label4 through Label6, change the namesto IbIRL,
Iblinterval, and IbITriggerPos, respectively, and delete their
captions so they do not appear on the form.

6. For Label4 through Label6, use drop-down listsin the
Properties window to change BackColor (the background
color) from Button Face to Button Light Shadow, and
Special Effect from Flat to Sunken.

56 Oscilloscope Analysis and Connectivity Made Easy



The Get Waveform Example in Excel VBA
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Note: The drop-down arrow may not be visible until you click
inside the rows for the BackColor and Special Effect properties.

7. Change the rest of the captions and sizes for controls as
shown in Table 7 so that the form looks like Figure 13.

Figure 13: The redesigned form for Get Waveform

Using the Object Browser (F2)

In addition to using the online help discussed on page 53, you can use the
Object Browser to learn more about the classes and members of Excel’s

built-in object model.
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A Quick Overview of the Excel Object Model
Figure 14 shows a hierarchy of some relevant objects in the Excel Object
Modd.

| Application

\_‘ Workbooks Workbook] |
4 Worksheets (Worksheet] |

_______________________

_______________________

— Charts [Chart) |

Figure 14: A object hierarchy from the Excel Object Model

The Application object is at the root of the hierarchy tree and has a number of
“active” properties such as ActiveSheet. Plural objects are collections that
hold other objects. For example, Workbooks is a container for Workbook
objects, which in turn contain Worksheet collections of Worksheet objects,
each of which contains Range objects.

Much of your code will focus on Range objects, which can reference asingle
cell, arow or column, or an entire sheet. Y ou can use the Range End

property to select contiguous cells until an empty cell is encountered. The
following examples demonstrate some ways you can reference ranges.

Appl i cati on. Range(“A3")

Appl i cati on. Wor ksheet s(“ Sheet 1”) . Range(“ A3")
Appl i cati on. Acti veSheet . Range(“A3")

Range(“A3")

Range(“Al: D10")

Range(“Al”, " D10")

Range( “ Al: A10, D1: D10, Gl: Gl0")

Range(“ MyRange”)

[ Al: D10] ( Eval uate Met hod)

Range(ActiveCel |, ActiveCell.End(xlI Down)). Sel ect

Y ou can use the Cells property to reference all cells within aworksheet or
range, or limit the reference by using this R1C1 row/column syntax:

cells (rowindex, columnindex)
For example, the following code assigns aformulato cell C2:
ActiveSheet. Cel |l s(2,3).Forrmula = “=SUM D1: D10) "

By pressing F2 or clicking the Object Browser icon on the Standard Toolbar,
you can browse to find out which methods, properties, and events to use with
such object components as Application, Worksheet, UserForm, Range, and
Cell, so you can make the correct calls and references in your code.
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For example, to find out more about the Cells property:

1

2.

The Get Waveform Example in Excel VBA

Press F2 to bring up the Object Browser.

Select Excel from the upper drop-down list.

Type Cells in the lower drop-down list as the object to

search for.

Press Enter.

Y ou will see the screen shown in Figure 15. Y ou can then click on
various library entries in the Search Results to see how the Cells
property relates to other members of the object model.

[rxzen = 2 rI ﬂ_‘;,l"lll '?I
Jrom By B
Searth Resuls
| Clazs | Wembar
5 Applicatan B Calls =
¥ Fange B Cells =
&2 Worishat BB el =]
Clagaeg Mermiers of Ranpe’
B GueryTable ;I Application .;I
2 SusryTaklas & SpphyMames —
o & AophyOiubine Etyles
& RaceniFile AFREE
& RecenfFiles :I = Ao Complee :J
Class Aange
Manber il Exidd

Figure 15 Using the Object Browser with Excel VBA

F1 From the Object Browser Is Your Friend
From the Object Browser, you can jump to a context-sensitive online help

topic.

For example:

Select ardated class such as Range.

Press F1 (or right-click and select Help).

Figure 16 shows the resulting help screen.
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Figure 16: Related online help from the Object Browser

Within this help screen, you can click items in the hierarchy diagram
to jump to other related topicsif necessary, or to see more of the
hierarchy tree.

Coding the Event Procedures
Mostly by acting on events, you will be coding what should happen when the
formisinitialized and when the user clicks each button on the form.

As you type the code, you will notice some helpful features. For example,
when you type a period after a COM object such asthe TekVISA ActiveX
Control, the VBA Intellisense feature opens a list that prompts you with
choices. Valid properties, methods, and events exposed by the COM object
as public are preceded by agreenicon, like thefirst choice in the following
list:

Tiel . SsmrchicibEscicn = ) smRrch ml ]l devicen
get detected YISL devices
dew = TWC1.
% L b o S o L
e Address
- T ]
TwT l. F'.IEE. EiaasdF o
. "":_:lrl'::ri' Briusseaiahble
-Fn:u'-;E Canel
]_‘_@ ClearToEerndSiate . -
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Similarly, after you type an opening parenthesis, the Intellisense feature
prompts you with the syntax for arguments, and displays valid choices:

bl .=k Eneefacm)|
sefvave loem [chan Ax CHANMEL , wim, sncr A8 Coutle, frigFos 48 Cong wmils A8 Sirng, omads 48 Siingi

al CHI

= CH3

il CHA

X WATH1

il WATHI —

= WATHI 'l'|

The Activate UserForm Routine

Thisisthe main body of the code, because it executes immediately to assign
initial variables and prepare a UserForm before it is displayed. This routine
uses TekVISA callsto find all available device resources, then sets the active
deviceto bevirtua GPIB, which isaways GPIBS.

1. Inthe Project Explorer window, right-click the
frmGetWaveform icon in the Forms folder and select View
Code

=14 Forms
I N = F izt aveform

or press F7 to switch to the Code window for this project.
2. Typethefollowing in the Code window:
Option Explicit

This statement causes VBA to ensure that a variable is defined
before you useit.

3. Inthe Project Explorer window, do one of the following to
switch to the UserForm:

a. Double-click the frmGetwWaveform icon in the Forms
folder, or

b. Right-click the frmGetWaveform icon in the Forms
folder and select View Object, or

c. PresssShift+F7.

4. Double-click theright side of the UserForm, outside of the
frame.

VBA inserts the following code fragment into the Code window. It is
so named because Click is the default event for the UserForm object.

Private Sub User Form O i ck()

End Sub

Oscilloscope Analysis and Connectivity Made Easy 61



The Get Waveform Example in Excel VBA

5.

62

Delete this code block, since you want to write a routine that
takes place when the form is activated, not when a user
clicksit.

Click the right drop-down menu to see alist of members
(methods, properties, and events) that are valid with
UserForm, and select Activate. The Activate event allows
you to initialize module-level variables before the UserForm
isfirst displayed.

- Acthvain -

At
5

Bac el =
Berlorslr sy v

Bt iroplnFadds

ok

D R

s =
[Errrd
il ]
| 4ty

Frf=TEEx

Frdlp =

== 4] | :

F=erform

VBA inserts the following code block:

Private Sub User Form Acti vate()

End Sub

Type the following code inside the UserForm_Activate
subroutine (TekVISA-related statements are highlighted in
boldface):

Dimi As Integer

Di m dev As Vari ant

Tvcl. SearchCriterion = 0 ’'search all devices
' get detected VI SA devices

dev = Tvcl. Fi ndLi st

* popul at e devices |i stbox

If IsArray(dev) Then

For i = LBound(dev) To UBound(dev)
| st Devi ces. Addl t em dev(i)
Next
End |f

When the UserForm is activated beforeit first displays, this code:
a. Declaresacounter variable and alist array of devices.
b. Usesthe SearchCriterion property of the TekVISA

ActiveX Control to set criteriato search for resource
devices detected on this instrument.
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c. Usesthe FindList property of the TekVISA ActiveX
Control to get the results of the search and store them in
adevicelist array.

d. UsesLBound and UBound functionsto refer to the lower
and upper boundaries of the device list array while
iterating through the list.

e. Usesthe Excel Additem method to populate the
IstDevices list box with the Find list results, which will
appear on the form as available devices.

8. Typethe following code next inside the UserForm_Activate
subroutine;

For i = 0 To |stDevices.ListCount - 1
If Left(lstDevices.List(i), 5) = "GPIB8" Then
' default to virtual GPIB device
| st Devi ces. Li stlndex =i
Tvcl. Descriptor = | stDevices. Text
Exit For
End | f
Next

This code:

a. Usesthe Excel ListCount property to iterate through the
items in the IstDevices list box for an entry
corresponding to avirtual GPIB device (GPIBS).

b. Usesthe Excel Listindex property to set the virtual GPIB
device asthe currently selected item in the IstDevices list
box, so that it appears preselected on the form.

c. Usesthe Descriptor property of the TekVISA ActiveX
Control to set the value in the Text property of the
IstDevices list box[ in this case, the virtual GPIB device
stringl] as the active VISA resource.

The Clear Button Routine
Next you will initialize some variables. Y ou know that the Clear command
button will clear fields, so you will write that initialization code also.

1. Typethefollowing in the Code window, just below the
Option Explicit statement:

DimrngHold As Range ' reference to worksheet range for
* clearing

This statement declares a variable of data type Range to hold the
worksheet range. Since this variable appears outside of any
subroutine, its scopeis modular and it can be referenced from any
routine in the module. Y ou will reference this range when you write
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the code associated with the Clear command button, which must
clear the range between acquisitions.

Select cmdClear from the left drop-down menu in the Code
window.

Chick -

The following code fragment for the cmdClear_Click subroutine
appears in the Code window. Click is the default event for command
button controls.

Private Sub cndd ear_dick()

End Sub
In this case, Click is the event you want to use in your code.

Type the following code inside the cmdClear_Click
subroutine;

If Not rngHold Is Nothing Then
rngHol d. Ol ear
rngHol d. Cl ear Cont ent s
rngHol d. Cl ear For mat s

End |f

IblInterval.Caption = ""
I bl RL. Caption = ""
I bl Tri gger Pos. Caption = ""

When the Clear button is clicked, if waveform datais present, this
code:

a. usesClear, ClearContents, and ClearFormats methods of an
Excel Range object to clear the spreadsheet columns where
waveform data appears (including all values, formulas, and
formatting)

b. usesthe Caption property of an Excel Label control to clear the
captions of the result Labels (where additional waveform values
appear on the form)
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The Get Waveform Button Routine

Next you will work on the logic that takes place when the user clicks the Get

Waveform button. Thisinvolves placing a call to to the Getwaveform
method of the TekVISA ActiveX Control, which takes five arguments. You

will also learn to use the ScreenUpdating, Cursor, and ActiveSheet properties
of the Excel Application object, which represents the entire Excel application.
In the process, you will encounter some Excel fine points, such as xIWait and

xIDefault, which are preassigned mouse-pointer constants that can be
assigned to the Cursor property.

Note: Y ou can use Application object shortcuts (for example,
ActiveSheet.Range) rather than fully-qualified references (for
example, Workbook.ActiveSheet.Range) whenever doing so is
unambiguous.

1. Press Shift+F7 to switch to the UserForm, and double-click
the Get Waveform button.

VBA inserts the following code block:

Private Sub cndGet Wavef orm O i ck()

End Sub

2. Typethefollowing code inside the cmdGetWaveform_Click
subroutine code block:

DimarrW As Variant, xinc As Double, trigpos As Long
* variables for GetWveform et hod

DimarrLength As Long, i As Long

Dimt As Doubl e

Dimtracker As Long

Di m bl nProceed As Bool ean

Dimneg As String

D m ans As | nteger

DimhUnits As String, vUnits As String

On Error GoTo cndGet WaveFor nErr

This code declares:

a. Variablesfor three arguments passed by the
GetWaveform method of the TekVISA ActiveX Control,
including an array variable to hold the waveform values,
and variables to hold the sample interval (x-axis
increment) and trigger position.

b. Anarray variable to hold the waveform record length
and avariable for iteration through the array.

c. Aninterimvariablet to hold the time value (relative to
the trigger point) associated with each data point sample
value.

d. A variableto track therowsin cells of the active
workshest.

Oscilloscope Analysis and Connectivity Made Easy

65



The Get Waveform Example in Excel VBA

e. A boolean variable to determine whether to proceed in
the case of large waveforms.

f.  Variablesto hold MsgBox messages and user answers.

g. Two variablesfor output parameters of the
GetWaveform method.

If clicking the GetWaveform button causes an error, control passesto
the cmdGetWaveformErr error routine.

3. Typethefollowing code inside the cmdGetWaveform_Click
subroutine code block:

Cal | Tvcl. Get Waveform(CHL, arrW, xinc, trigpos,
vUnits, hUnits)

’ test that an array has been returned

If IsArray(arrW) Then
' get length of array
arrLength = UBound(arrW) - LBound(arrW) + 1
| bl RL. Caption = arrlLength

End |f

* show rest of waveforminfo

I bl I nterval . Caption = xinc

| bl Tri gger Pos. Caption = trigpos

DoEvent s
This code:

a. Cdlsthe TekVISA Control with the GetWaveform
method, which accepts one argument (the channel from
which to get awaveform) and passes back five
arguments (see Table 36 in Appendix A for more
information about this method).

b. Usesthe IsArray function to test that a waveform array
has been returned .

c. Calculatesthe record length by subtracting the starting
data point from the ending data point (+ 1) and stores it
in the Caption property of the IbIRL Label control, so that
it will appear on the form.

d. Storesthe returned sampleinterval and trigger position
argument values in the Caption property of the Iblinterval
and IblTriggerPos Label contrals, respectively, so that
they will appear on the form.

e. Usesthe DoEvents function to pass control to the
operating system so it can repaint the screen, allowing
the user to see the updated fields on the form. Control is
returned after the operating system has finished
processing the eventsin its queue.
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4. Type the following code inside the cmdGetwaveform_Click
subroutine code block:

* flag for |arge waveform sets
bl nProceed = True
If arrLength > 10000 Then
neg = "Waveformincludes " & arrLength & " val ues. "
nsg msg & "Do you wi sh these values to be displayed ?"
ans MsgBox(msg, vbYesNo + vbDefaul t Button2,
"Get Waveforni)
If ans = vbNo Then bl nProceed = Fal se
End | f

If bl nProceed = Fal se Then Exit Sub
This code:
a. SetsaBoolean flag to true.

b. If therecord length exceeds 10,000, puts up a message
box with Get Waveform displayed in the title bar, asking
the user whether or not to display the values.

c. Usesthevbyesno and vbDefaultButton2 constants to set
the message box style to include Y es and No buttons,
with the second button (the No button) preselected as the
default.

d. Getsthe user’ sresponse and, if the user clicked the No
button, sets the flag to false and exits the subroutine.

5. Typethefollowing code inside the cmdGetWaveform_Click
subroutine code block:

’ proceed to display the data

If (IsArray(arrW) And bl nProceed) Then
’ set headers
Acti veSheet. Range("C1"). Val ue = "Ti ne"
Acti veSheet . Range("Cl1"). Font.Bold = True
ActiveSheet. Range("D1"). Val ue = "Val ue"
Acti veSheet. Range("D1"). Font. Bold = True
tracker = 2

" let user know we are filling cells
Appl i cation. Cursor = x|l Wit
’ stop screen repaints while filling cells

Appl i cati on. ScreenUpdati ng = Fal se

If awaveform array is present and the Boolean flag is set to true, this

code:

a. Assigns Time and Value headersto cellsin range C1:C1
and D1:D1 of the active Excel sheet (the Range property
appliesto single cellsin this example).
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b. Setstherow tracking variable to 2 so the program will
start inserting values in the second row under the
headers.

c.  Changes the mouse pointer cursor to an hourglassto let
the user know that the program is busy filling cells.

d. Turnsoff screen repainting to speed up execution while
processing waveform data.

6. Typethefollowing code inside the cmdGetWaveform_Click
subroutine code block:

For i = LBound(arrW) To UBound(arr WF)

" calculate tine
t = (i - trigpos) * xinc
ActiveSheet. Cel | s(tracker, 3).Val ue
ActiveSheet. Cel | s(tracker, 4).Val ue
tracker = tracker + 1

Next

' we are done reset cursor and screen painting

Appl i cation. Cursor = x| Defaul t

Appl i cation. ScreenUpdati ng = True

' set reference to range for the clear button

Set rngHold = ActiveSheet. Range("Cl", Cells(tracker, 4))

El se
MsgBox "Error encountered acquiring Waveforni, vbOKOnly,
"CGet Wavef orni'

t
arr We(i)

End | f
Exit Sub

This code:

a. Loopsthrough the waveform array, calculating the time
value (relative to the trigger point) for each waveform
data point according to the formula

(data-point-index — trigger-position) * sample-interval

and assigning time and data point valuesto cellsin columns C
and D of the active sheet for as many rows as needed.

Note: The Cells property uses R1C1-style references. For
example, cell C5would be“C5” in Al notation, but “R5C3”
in R1C1 notation.

b. Changes the cursor back to the default mouse pointer
arrow.

c. Turnson screen repainting again so that the screen will
refresh.

d. Setstherange reference for the Clear button to start with

C1 and end with the row in column D referenced by the
tracker variable.
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e. Addsan Else clause, in case waveform acquisition fails,
that displays an error message in a message box with an
OK button and “Get Waveform™ displayed in thetitle
bar.

7. Typethe following code inside the cmdGetWaveform_Click
subroutine code block:

cnmdGet WAveFor nErr :

MsgBox "Error " & Err.Nunber & ": " & Err.Description,
vbOKOnl y, " Get Wavef or nf'

Application. Cursor = x| Def aul t

Appl i cation. ScreenUpdati ng = True

If an error occurs when the Get Waveform button is clicked, this
code:

a. Displays an error message that includes the error number
and its description, using amessage box with an OK
button and “ Get Waveform” displayed in thetitle bar.

b. Changes the cursor back to the default mouse pointer
arrow.

c. Turnson screen repainting again so that the screen will
refresh.

Running the GetWaveForm Program

The Show Form Routine
Now that you have created the form, the next step is to create a short routine
that displays it when the user clicks a button on the spreadsheet.

1. Expand the Modules folder in the Project Explorer window
and double-click Modulel.

2. Anempty page in the Code window appears.

3. Typethefollowing:
Option Explicit

Sub bt nShowFor ()
f r nGet Wavef or m Show vbModel ess
End Sub

This code displays the Getwaveform form with the display style set
to the constant vbModeless, meaning that the form is not modal.
Sinceit is modeless, no applications are suspended when the formis
displayed, so the user need not respond to the form before using any
other part of the application.
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To add a button to the spreadsheet so you can run the program you just
created:

1

2.

4.

Press Alt+F11 to switch from VBA to the Excel spreadsheet.

If the Excel Forms Toolbar is not visible, select View >

Toolbar > Forms to display it. Y ou can dock the toolbar so
that it displays horizontally below the menu bar, or let it
float free as shown here:

A= ol

M =~

[+ =

Asyou can see, the Forms Toolbar on the Excel spreadsheet is
similar in appearance to VBA'’s Control Toolbox. Some of the
control icons are identical, but these icons are meant to be associated
with macros of recorded actions, or with preexisting code modules
such as the ShowForm module you just created.

Double-click the Button icon and click in or near cell A4, the
spot in the spreadsheet where you want to insert it.

The Assign Macro dialog box appears.

Aerge Macio HE
[ el T T
E'\-l':'-:-'l_: g H | o |
Shor orm Z‘
_cond |
b |
E
PLaeres il Ir.l D Warkbaoks 3
[esxription

Select the ShowForm modul e as the macro name and click
OK.
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5. Right-click the button, select Edit Text, and change the
button caption from Buttonl to Show Form.

6. Select File > Save to save the GetwWaveform.xIs spreadshest,
along with the VBA program you just created.

7. Click away from the button if necessary to exit Design
mode, and then click the Show Form button to run the
program.

The GetWaveform dialog box appears.

Note: Even if you do not have a waveform source connected to
Channel 1 of your oscilloscope, you will still be able to pick up
enough noise to generate some data to see if your program
works.

8. Maodify your oscilloscope settings to prepare for awaveform
transfer. Be sure to set the record length as part of this step.

9. Click the Get Waveform button.

Y ou will see results similar to Figure 9 on page 46. If an error
occurs, switch to VBA and choose Help > Contents and Index >
Visual Basic User Interface Help > Toolbars > Debug Toolbar for a
quick summary of the debugging features of VBA.

Running the Program with the Jitter Example

Y ou have used the Get Waveform program to insert awaveforminto an
empty spreadsheet. Now you will useit to insert awaveforminto a
spreadsheet already filled with data and formulas.

Y ou will use thejitter1.xls spreadsheet, the Excel Jitter example from the
Oscilloscope Connectivity Made Easy book.

Note: If you have the Oscilloscope Connectivity Made Easy book,
refer to it for instructions on setting up the Waveform Generator and
connecting a cable from your oscilloscope sound port to Channel 1.
These instructions also appear in Appendix D on page 321. If you do
not want to use the Waveform Generator, you will still be able to
pick up enough random noise on Channel 1 to generate some data,
enough to verify that your program is making connections.

1. Inthe GetWaveform.xls spreadsheet, press Alt+F11 to switch
from the Excel spreadsheet to VBA.

2. Select frmGetWaveform in the Project Explorer window.
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10.

11.

Select File > Export File... and click Save to save the
frmGetWaveForm UserForm and VBA code.

Excel writes two files to disk, one with a.frm extension and one with
a.frx extension.

Select Modulel in the Project Explorer window.

Select File > Export File... and click Save to save the
ShowForm VBA code.

Excel writesafileto disk with a.bas extension.

Close the Getwaveform.xIs spreadsheet and open the
jitterl.xls spreadsheet in Excel.

To disable automatic calculation, select Tools > Options and
click Manual on the Calculation tab.

Thiswill keep you from having to wait while Excel recalculates the
entire spreadsheet numerous times while you are working.

Press Alt+F11 to switch from the Excel spreadsheet to VBA.

Select File > Import File... , select frmGetWaveForm.frm
and click Open to insert the frmGetwaveForm UserForm
and VBA code into the jitterfast.xls spreadsheet.

Select File > Import File... , select Modulel.bas and click
Open to insert the Module1 VBA code (the ShowForm code)
into the jitterfast.xls spreadsheet.

Double-click the frmGetWaveform icon in the Project
Explorer window and change these linesin the Code
window:

Acti veSheet. Range("C1"). Val ue = "Ti nme"
Act i veSheet . Range("C1"). Font. Bol d = True
ActiveSheet. Range("D1"). Val ue = "Val ue"
Acti veSheet. Range("D1"). Font.Bold = True

tracker = 2

ActiveSheet. Cel | s(tracker, 3).Val ue
ActiveSheet. Cel | s(tracker, 4).Val ue

t
arr Wr(i)

" set reference to range for the clear button
Set rngHold = ActiveSheet. Range("Cl", Cells(tracker, 4))

to these lines, so that the waveform data will be inserted in columns
H and I, starting at row 6:

Acti veSheet. Range("H1"). Val ue = "Ti ne"
Acti veSheet . Range("H1"). Font.Bold = True
ActiveSheet. Range("l1"). Val ue = "Val ue"
Act i veSheet . Range("11"). Font.Bold = True
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tracker = 6

t
arr We(i)

ActiveSheet. Cel | s(tracker, 8).Val ue
ActiveSheet. Cel | s(tracker, 9).Val ue

set reference to range for the clear button
Set rngHold = ActiveSheet. Range("Hl", Cells(tracker, 9))

12. Press Alt+F11 to switch from VBA to the Excel spreadsheet.

13. Insert a Show Form button into the Jitterfast.xls spreadsheet
and assign the button to the ShowForm code as you did
earlier for the Getwaveform.xls spreadsheet.

Note: Instead of adding a form button, you may want to add a
custom menu item. Such menu items are typically added by
coding the Workbook object’s Open and BeforeClose events:

Private Sub Wirkbook_ Bef oreCl ose(Cancel As Bool ean)
Di m sMenuNane As String

smenuNane = "&Jitter Exanpl e"

Del ete the nenu before closing

On Error Resunme Next

MenuBar s( x| Wor ksheet ) . Menus(sMenuNane) . Del et e
End Sub
Private Sub Workbook_Open()
' Oreates a new nenu and adds nenu itens

Di m sMenuNane As String
Di m sCaption As String
Di m SMacro As String

sMenuName = "&Jitter Exanpl e
sCaption = "Show Jitter Form'
sMacro = "LaunchForm'

On Error Resunme Next
Delete the nenu if it already exists
MenuBar s( x| Wor ksheet ) . Menus(sMenuNane) . Del et e

Add the nmenu

MenuBar s( x| Wor ksheet ) . Menus( sMenuNane) . Menul t ens
. Add Caption: =sCaption, OnAction: =sMacro

End with

End Sub

14. Save the spreadsheet, then click the Show Form button to
display the Get Waveform dia og box.

15. Click the Get Waveform button.
16. Press F9 to manually recalculate the spreadsheet.

The program inserts new waveform data into the form fields and new
waveform time and data point values into columns H and | of the
spreadsheet, starting at row 6.
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A screen similar to the one shown in Figure 17 displays.
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Figure 17: The Clock Jitter example with the Get Waveform program added

Using VB Instead of VBA

If you want to work this exercise using Visual Basic 6.0, you will need to
create the form using that tool instead of Excel VBA. Refer to Chapter 7 for
an example of how to use Visual Basic 6.0 controlsto design aform.

Figure 18 shows a VB 6.0 version of the Get Waveform example discussed
in this chapter. This program was saved under the project name
p_Ch4VvB.vbp on the CD that accompanies this book. Notice that alist box
has been used to display the waveform data pointsin this example, since
there is no spreadshest.
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Figure 18: Visual Basic 6.0 version of Get Waveform program

Y ou will also have to make some changes to the code. Where you used the
VBA UserForm class with the Activate event, substitute the VB Form class
with the Load event. Therefore, instead of creating a UserForm_Activate()
subroutine, you will create a Form_Load() subroutinein VB 6.0 as shown
here:

Private Sub Form Load()

Instead of using a spreadsheet to store the waveform data points, you will use
alist box named IstWF in the form itself. The GetWaveform routine is shown
here:

Private Sub cndGet WaveForm O i ck()
* decl are vari abl es
DimarrW As Variant 'array variable which will hold waveform val ues
Dim xi nc As Double ' variable which will hold the x axis increment
Dimtrigpos As Long ' variable which hold the timng trigger

' position
Dmi As Long ' counter variable
DimhUnits As String, vUnits As String * variables for returning

 unit types
On Error GoTo cndGet WFMVET r

"CH1 is the OCX built-in constant specifying Channel 1
Cal | Tvcl. Get Wavefornm(CHL, arrW, xinc, trigpos, vUnits, hUnits)

If IsArray(arrW) Then ' check to be sure returned value is an
' oarray
| bl RecLengt h. Capti on = UBound(arrW) - LBound(arrW) + 1
El se
Exit Sub
End |f

I bl I nterval.Caption = xinc
I bl Tri gPos. Caption = trigpos

I f chkDi spl ayWr. Value = 1 Then ' if user wants val ues di spl ayed,
* loop through the array
For i = LBound(arrW) To UBound(arr WF)
| st WF. Addl tem ar r WF(i )
Next
End |f
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Chapter 4 Review

Y ou cannot load VB 6.0 formsinto Excel VBA (or load VBA user formsinto
VB 6.0). If you try to load aVB 6.0 form into Excel VBA, you will get this

message:

The form class contained in the specified file is not supported in Visual
Basic for Applications; the file can’t be loaded.

However, you can cut and paste portions of the code between the two
programs, and then edit it to correct for differencesin syntax.

Unlike VBA, which isinterpreted code that only runsinside Microsoft Office
applications, Visual Basic 6.0 code can be compiled into a stand-alone
executable.

Chapter 4 Review
Now to review what you learned in Chapter 4:

* You can use Visual Basic for Applications (VBA), which is
included in Excel, to design your own forms and build your
own functions.

* You can add the TekVISA Control to VBA, and then drag it
onto your form just like any other ActiveX control.

* TheExcd Help facility contains many useful examples, and
the Object Browser can help you understand the hierarchy of
objectsin the Excel object model. The Excedl help system
and the Object Browser are closely interwoven.

e TheExcd Intellisense feature prompts you with valid
arguments and other choices when you type code in the
Code window

e You can use the Get Waveform program described in this

chapter to insert waveform datainto an empty spreadsheet,
or into a spreadsheet that already contains data and formulas.
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Chapter 5. A More Complex Four-Part
Program

Using VBA to get current resource, waveform,
measurement, and other query results

Introduction

Y ou have looked at how to use the TekVISA ActiveX Control to build a
simple dialog box to get waveforms. Now you can go a step further and
become more familiar with the TekVISA ActiveX control.

This chapter uses Excel VBA to build a more complicated multifunction
dialog box than the previous chapter. Asin Chapter 4, thisfour-part program
allows you to get the currently active resource device and obtain waveform
data. In addition, the program lets you send GPIB commands to capture
oscilloscope measurements, or send other kinds of GPIB commands and
gueries and get back results.

The program you build in this chapter introduces more core properties and
methods of the TekVISA ActiveX Control. In addition, you may find some
practical applications for using this program, especialy since you can
customize it yourself.

What You Need to Get Started

Y ou can work this example either on a separate PC or on your Windows-
based oscilloscope, using either Excel’s built-in VBA or Visual Basic 6.0. To
get started, you will need the following:

e A Windows-based Tektronix oscilloscope (an external
monitor is recommended if you are working the example on
your oscilloscope)

e Excel 2000 or XP (or Visual Basic 6.0) installed on your
oscilloscope or on an external PC

e TheTekVISA connectivity software described in Chapter 1
(see page 323 for the location of the completed example)
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What You Will Do
In this chapter, you will build asample VBA program that

e issues native GPIB commands to capture immediate
measurement data

e issues other native GPIB commands and queries to control
the instrument

e capturesraw waveform data
» finds resource devices recognized by TekVISA

Figure 19 shows the design-time interface that you will create. Asyou can
see, the user interface is divided into parts to accomplish these tasks. The
VBA form consists of three frames and one unframed list box. This user
form allows you to interact with your oscilloscope in the following ways:

» thetop left frame sends measurement commands and gets
results

* thelower |eft frame sends native GPIB commands and
queries and getsresults, if any

« thetop right frame gets waveform data at the current
settings, along with the record length, sample interval, and
trigger position

« thelower right list box shows currently available devices

(GPIB and seria resources on your instrument) that are
recognized by the TekVISA ActiveX Control
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Figure 19: The form you will design for the Test Run example

Figure 20 shows the same UserForm at runtime after fields have been
populated with resultsin all four quadrants of the form.
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Figure 20: The Test Run form at runtime

What You Will Learn

The purpose of this chapter isto illustrate more operations of the TekVISA
ActiveX Control and familiarize you with more features of the OCX
interface. In this chapter, you will:

e build aform with more expanded functionality than the
previous examplell including multiple frames, atext box,
and multiple check boxes, list boxes, command buttons, and
labels

e useTekVISA ActiveX Control operationsto send native
GPIB measurement queries and other kinds of GPIB
commands and queriesto your oscilloscope and get back
results

e review the TekVISA method used to get waveform data

* review the TekVISA properties used to find resource devices

* add abutton to run this VBA program from your Excel
Spreadsheet

« find out the changes you will need to make if you want the
program to run in Visual Basic 6.0 instead of Excel VBA
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The TekVISA Test Run Example in Excel VBA

Building the Form

This chapter focuses primarily on the VBA code and assumes you are
aready familiar with VBA visual editing tools for constructing dialog
interfaces. For step-by-step instructions on designing aform for the VBA
design environment, refer to page 48.

To begin building the UserForm:

1

Open Excel and save the spreadsheet under the name
TestRun.xls.

Press ALT+F11 to access the Visual Basic for Applications
design environment from within Excel.

Insert a UserForm by clicking the Insert UserForm icon on
the VBA Standard Toolbar.

Rename the UserForm TekVISA Test Run.

If necessary, follow the instructions on page 51 to add the
TekVISA ActiveX Control to the Controls Toolbox.

Drag the TekVISA Control icon onto the lower right
quadrant of the Userform where it appears as an icon at
design time but isinvisible at runtime.

Using your chosen method, insert three frames into the
Userform from left to right. VBA automatically names them
Framel, Frame2, and Frame3.

Drag alabel and alist box into the lower right-hand corner
of the Userform. VBA automatically names them Labell and
ListBox1.

Similarly, drag the rest of the needed controls onto the form,
making sure that each control is placed as shown in Figure
21.

Note: It is not necessary to drag the controls onto the form in the
exact order shown; however, doing so will help you verify that
you have changed all the properties correctly.

Changing Properties in the Properties Window

Table 8, Table 9, Table 11, and Table 12 (which appear later in this chapter)
summarize all the changes to make in the Properties window to convert the
UserForm from its appearance in Figure 21 to its final appearance.
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Figure 21: TekVISA Test Run form before changing default captions and
appearance of controls

After changing the name, captions, and other propertiesitemized in those
tables and resizing controls, the form will look like Figure 22.

Figure 22: The redesigned form for TekVISA Test Run
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The Current Devices List Box

The Current Devices List Box Design
Table 8 summarizes the changes to make to the UserForm in areas not
enclosed by frames.

Table 8: Property changes to make outside of frames in TekVISA Test Run

Control Property Change from Change to
UserForm1l Caption UserForm1 TekVISA Test Run
Labell Caption Labell Current Device:
Listbox1 (Name) Listbox1 IstDevices

Figure 23 shows the portion of the form detailed in Table 8.

Properties - lstDevices

" Current Device

|IstDevi|:es ListBiox

Alphabetic | Categorized |

lstDevices
EiackCalar [] aHanono00s:
BorderColor [l &HE00000062
Borderstvle |0 - FrmBorderStyle

Figure 23: The Current Devices list box

The UserForm Initialize Routine

This code executes immediately before the UserForm isfirst displayed. It
uses TekVISA callsto find all the available device resources automatically,
and isidentical to the code explained in Chapter 4 beginning on page 61.
Refer back to that explanation for aline-by-line discussion. The ActiveX
Control properties used in this subroutine are SearchCriterion, FindList, and
Descriptor.

1. PressF7 to switch to the Code window.

2. Typethefollowing statement so VBA will ensure that
variables are defined before you use them:

Option Explicit

3. Add thefollowing code, or copy and pasteit from the Get
Waveform program:

Private Sub UserForm Initialize()
Dimdev As Variant ' array that hol ds devices detected by
’ the OCX control
Dimi As |nteger

| st Row. Li st1ndex = 0
Tvcl. SearchCriterion = 0 ’'search all devices
’ get detected VISA devices
dev = Tvcl. Fi ndLi st
’ popul ate devices |istbox
If IsArray(dev) Then
For i = LBound(dev) To UBound(dev)
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| st Devi ces. Addl t em dev(i)
Next
End |f

For i = 0 To |stDevices.ListCount - 1
If Left(lstDevices.List(i), 5) = "GPIB8" Then
default to virtual GPIB device
| st Devi ces. Li stlndex =i

Tvcl. Descriptor = | stDevices. Text
Exit For
End |f
Next
End Sub

The Measurement Commands Frame

The Measurement Commands Frame Design
Table 9 shows the property changes to make in the Measurement Commands
frame.

Table 9 Property changes to make in the Measurement Commands frame

Control Property Change from Change to

Measurement Commands frame (top left)

Framel Caption Framel Measurement Commands
Label3 Caption Label3 Result
Label7 (Name) Label7 IbIDisplay

Caption Label7 (no Caption)

BackColor Button Face Button Light Shadow

Special Effect  Flat Sunken
CommandButtonl  (Name) CommandButtonl ~ cmdMeasure

Caption CommandButton1 ~ Get IMM Measurement
Listbox2 (Name) Listbox2 IstMeasurement

Figure 24 shows the portion of the form detailed in Table 9.
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|Framel Frame

cmdMeasure CommandButton

frramel Frame

Label3 Label

IblDisplay Label

IstMeasurement ListBox
o |

| Gek IMM Ll
I Measurement L

Elm g TR TN T 2T

Borderstyle 0 - fmBorderstvleMone
(Zaption Measurement Commands
ControlTipText

Cycle 0 - fmCyclealForms
Enabled True

Font Tahoma

ForeColor B aHz000001 22

Figure 24: The Measurement Commands frame

This frame groups the controls that allow the user to obtain any of the

immediate measurements

Table 10: Measurements

summarized in Table 10.

available in the Measurement Commands frame

AMPLITUDE HIGH PERIOD

AREA LOW PHASE
BURST MAXIMUM PK2PK

CAREA MINIMUM POVERSHOOT
CRMS NDUTY PWIDTH
DELAY NOVERSHOOT | RISE

FALL NWIDTH RMS
FREQUENCY | PDUTY PERIOD

Additions to the UserForm Initialize Routine
Next you will add the code that initializes the list box containing the

M easurement commands

to choose from.

1. Add the following code to the UserForm_Initialize
subroutine, just after the subroutine declaration:

add GPI B i med
Wth | st Measu
.Addl tem "
.Addl tem "
.Addl tem "
.Addltem "
.Addltem "
.Addl tem "
.Addl tem "
.Addltem "
.Addltem "
.Addl tem "
.Addltem "
.Addltem "
.Addltem "
.Addl tem "
.Addltem "
.Addltem "
.Addltem "
.Addl tem "
.Addl tem "
.Addltem "
.Addltem "

i ate nmeasurenent conmands to the |ist box
r enent

AMPLI TUDE"

AREA"
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. Addl tem "Rl SE"
. Addl tem " RVB"

.Listlndex = 0

End Wth
When the UserForm isinitialized beforeit first displays, this code:

a.  Usesthe Excel Additem method to populate the
IstMeasurement list box with literal items to choose
from.

Note: In this case, the items correspond to measurement
commands that are valid with Tektronix TDS7000 Series
oscilloscopes. Y our Windows-based oscilloscope may use a
dightly different command set.

b. Usesthe Excel Listindex property to set thefirst row in
the list asthe currently selected itemin the list box, so
that it appears presel ected on the form.

The Get Immediate Measurement Button Routine

Next you will tackle the logic invoked when a user selects a measurement
type from the list box, and then clicks the Get IMM Measurement button in
the Measurement Commands frame.

1. Press Shift+F7 to switch to the UserForm, and double-click
the Get IMM Measurement button.

VBA inserts the following code block:

Private Sub cndMeasure_d i ck()

End Sub

2. Typethefollowing code inside the cmdMeasure_Click
subroutine code block.

DimstrID As String
Dimsl As String

sl = | st Measurenent. Li st (| st Measur enent . Li st | ndex)

| bl Di spl ay. Caption = "" " clear the |abel which will
' display the result
’ construct the GPI B conmmand
str1 D = "MEASUREMENT: | MVED: TYPE " & s1 & "; VAL?;: HEADER OFF"
’ send the command
Tvcl. WiteString striD
" read the result and display it
| bl Di spl ay. Capti on = Tvcl. ReadString
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When the Get IMM Measurement button is clicked, this code does
the following:

a. Declaresastring variable to hold the GPIB measurement
command.

b. Usesthe Caption property of an Excel Label control to
clear the caption of the result Label, where the result of
the measurement command will display.

c. Buildsastring containing compound native GPIB
commands, with components separated by semicolons

)

1) The MEASUrement:IMMed:TYPE command sets the
measurement type. The runtime value returned by
the IstMeasurement list box’s Text property is
concatenated with this command string.

2) TheVAL? query requests the oscilloscope to return
the value of the measurement specified by the
MEASUrement:IMMed:TYPe command, over the
currently selected channdl.

3) TheHEADER OFF command requests that query
results be returned without the header.

d. Usesthe WriteString method of the TekVISA ActiveX
Control to send the measurement command string to the
instrument.

e. Usesthe ReadString method of the TekVISA ActiveX
Control to read the result of the query sent with the
WriteString method

f.  Assignsthat result to the Caption property of the
IbIDisplay Label control, so that it will appear on the
form.

The Waveform Data Frame

The Waveform Data Frame Design

The Waveform Data frame allows immediate capture of waveform data at the
current instrument settings. A check box gives users the option of displaying
or omitting additional waveform values (record length, sample interval, and
trigger position). Table 11 summarizes the property changes to make to
controls in the Waveform Data frame.
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Table 11: Property changes to make in the Waveform Data frame

Control

Frame2
Label4
Label5
Label6
Label9

Label10

Labelll

Label12

Labell3
Listbox3
Listbox4

CommandButton2

CommandButton3

Checkbox2

Property

Waveform Data frame (top right)

Caption
Caption
Caption
Caption
(Name)
Caption
BackColor
Special Effect
(Name)
Caption
BackColor
Special Effect
(Name)
Caption
BackColor
Special Effect
Caption

Caption
(Name)
(Name)
(Name)
Caption
(Name)
Caption
(Name)
Caption

Value

Change from

Frame2
Label4
Label5
Label6
Label9
Label9
Button Face
Flat
Label10
Label10
Button Face
Flat
Labell1
Labelll
Button Face
Flat
Label12

Labell3

Listbox3

Listbox4
CommandButton2
CommandButton2
CommandButton3
CommandButton3
Checkbox1
Checkbox1

False

Change to

Waveform Data
Record Length
Interval

Trigger Position
IbIRecLength

(no Caption)

Button Light Shadow
Sunken

Iblinterval

(no Caption)

Button Light Shadow
Sunken

IbITrigPos

(no Caption)

Button Light Shadow
Sunken

ActiveSheet Starting
Column

ActiveSheet Starting Row
IstColumn

IstRow

cmdClear

Clear

cmdGetWaveform

Get Waveform
chkDisplayWF

Display Waveform Value

True

Figure 25 shows the portion of the form detailed in Table 11.
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Figure 25: The Waveform Data frame

Additions to the UserForm Initialize Routine

Next you will add the code that initiaizes the column and row list boxes.
From these lists, the user chooses the starting column and row in which to
display waveform data points and associated times.

Note: Y ou could also have implemented this feature with a spin box.
See the next chapter for an example that incorporates a spin box

control

1. Add thefollowing code to the UserForm_lInitialize
subroutine;

* popul ate |istboxes for Range specification of Waveform Data

For i =1 To 52
If i <= 26 Then
| st Col um. Addl tem Chr$(i + 64)
El se
| st Col um. Addltem "A" & Chr$(i + 38)
End | f
Next
| st Col umm. Li st ndex = 2
For i = 1 To 500
| st Row. Addl tem (i)
Next

When the UserForm isinitialized before it first displays, this code
does the following:

a

Uses the Excel Additem method in aloop that fillsin the
IstColumn list box with the letters A through Z and AA
through AZ.

Uses the Excdl Listindex property to set column C as the
currently selected item in the IstColumn list box, so that
it appears preselected on the form.

Uses the Excel Additem method in aloop that fillsin the
IstRow list box with the numbers 1 through 500.
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The Clear Button Routine

When the user clicks the Clear button in the Get Waveform frame, this code
clearsthe range of cells where waveform data points and times appear, and
clearsthe label captions where additional waveform values appear (if the
check box is checked). This codeis very similar to the code explained in the
last chapter beginning on page 63. Refer back to that explanation for aline-
by-line discussion.

1. Just below the Option Explicit statement entered earlier, type
the following to declare a modul e-scoped variable:

* nodul e-scoped variable to hold reference to range specified
* by user
Di m Hol dRange As Range

2. Typethefollowing cmdClear_Click subroutine.

Private Sub cndd ear_dick()
' clear controls that display waveform data
I f Not Hol dRange |s Nothing Then
Hol dRange. d ear
Hol dRange. O ear Cont ent s
Hol dRange. O ear For nat s
End |f

| bl RecLengt h. Caption = ""
I bl Interval.Caption = ""
I bl Tri gPos. Caption = ""

End Sub

The Get Waveform Button Routine

Next you will work on the logic that executes when the user clicks the Get
Waveform button. This code is very similar to the code explained in Chapter
4 beginning on page 65. Refer to that explanation for aline-by-line
discussion.

The main addition hereis some logic that allows the user to check a box if
associated waveform fields (record length, interval, and trigger position)
should be displayed. This example also illustrates some other Excel features,
such as use of the Cells property and NumberFormat property of the Range
object.

1. Typethefollowing portion of the cmdGetWaveForm_Click
subroutine, which initializes some variables, gets a
waveform, and stores associated waveform fields:

Private Sub cnmdGet WaveForm O i ck()
' declare vari abl es
DimarrW As Variant 'array variable which will hold
* wavef orm val ues
Dim xinc As Double ' variable which will hold the x axis

* increment

Dimtrigpos As Long ' variable which hold the timng trigger
’ position

Dimi As Long, tracker As Long ' counter variables

Dim arrLength As Long
Dim Start Row As Long, StartCol As Long, Val Col As Long
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Di m Hol dCol As String, hUnits As String, vUnits As String
Dimt As Doubl e

Dimr As Range

On Error GoTo cndGet WFMES r

"CH1 is the OCX built-in constant specifying Channel 1

Application. Cursor = x|l Wit
Call Tvcl. Get Waveforn(CHL, arrWF, xinc, trigpos, vUnits,

hUni t s)
arrLength = UBound(arrWF) - LBound(arrW) + 1
If IsArray(arrW) Then ' check to be sure returned value is
an array

| bl RecLengt h. Caption = arrlLength
El se

Exit Sub
End |f

I bl I nterval . Caption = xinc
| bl Tri gPos. Caption = trigpos

2. Typethefollowing logic that only executesif the user

selected the check box:
I f chkDi spl ayWr. Val ue = True Then ' if user wants val ues
di spl ayed, |oop through
the array

1

Check to see if range values are specified.
If |stColum. Listlndex <> -1 Then
StartCol = | stColum. Listlndex + 1
Val Col = StartCol + 1
El se
CGoTo Ski pDi spl ay
End | f
If |stRow. Listlndex <> -1 Then
Start Row = | st Row. Li stl ndex + 1
El se
StartRow = 1
End | f

This code does the following:

a. Checksthe Value property of the chkDisplayWF check
box to seeif the box was selected.

b. Checks the runtime Listindex property of the IstColumn
and IstRow list boxes to seeif the user has selected items
(value not equal to -1).

c. If the check box was selected and items were selected,
this code:

1) Adds1 to the selected column location (since the list
is 0-based) and savesit as ValCol.

2) Adds 1 tothe selected row location (since thelistis
0-based) and savesit as StartRow.
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3. Typethe next part of the cmdGetWwaveForm_Click
subroutine;

* clear range reference
Set Hol dRange = Not hi ng
' set up header info
ActiveSheet. Cel | s(Start Row, StartCol).Value = "Ti nme"
ActiveSheet. Cel | s(Start Row, StartCol).Font.Bold = True
ActiveSheet. Cel | s(Start Row, Val Col ). Val ue = "Val ue"
ActiveSheet. Cel | s(Start Row, Val Col ). Font.Bold = True
tracker = StartRow + 1
* set nunmber format to show all the decimal points

Set r = ActiveSheet. Range(Cel |l s(tracker, StartCol),
Cel | s(tracker + arrlLength, StartCol))
r. Nunber For mat = " #####. #i#HHH#TRHE"

Appl i cati on. ScreenUpdati ng = Fal se

For i = LBound(arrW) To UBound(arr WF)
t = (i - trigpos) * xinc
ActiveSheet. Cel | s(tracker, StartCol).Value =t
ActiveSheet. Cel | s(tracker, Val Col).Value = arrWr(i)
tracker = tracker + 1

Next

Appl i cati on. ScreenUpdati ng = True

Set Hol dRange = ActiveSheet. Range(Cel | s( St art Row,

StartCol ), Cells(tracker, Val Col))
End |f

This code

a. Initializes the range reference, then stores the headings
in the spreadsheet, using the Cells property of the
ActiveSheet object to access cell locations.

Note: The Cells property uses R1C1-style (row/column)
references. For example, cell C5 would be“C5” in Al
notation, but “R5C3” in R1C1 notation.

b. Using the Cells property of the Range object, storesthe
single-column range of cells that will hold wavepoint
datapointsin range variable r, then sets the
NumberFormat property of that Range object to display
all the decimal points.

c. Turnsoff screen updating, stores the waveform times
and data points in the active sheet, then turns screen
updating back on.

d. Assignsthe two-column range holding the waveform
times and data points to range variable HoldRange,
which is accessed and cleared by the cmdClear_Click
subroutine.
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4. Typethelast part of the cmdGetWwaveForm_Click
subroutine, which handles exception cases by changing the
mouse pointer cursor from the hourglass back to the default
arrow pointer, and reenabling screen updating:

Ski pDi spl ay:

Appl i cation. Cursor = x| Defaul t
Appl i cati on. ScreenUpdati ng = True

Exit Sub

" rudimentary error trapping
crmdGet WFMEr 1 :
Application. Cursor = x| Def aul t

Appl i cati on. ScreenUpdati ng = True

MsgBox "Error: "

End Sub

The Send GPIB Commands Frame

& Err.Number & ", "

The Send GPIB Commands Frame Design
The Send GPIB Commands frame allows the user to send any valid GPIB
command or query to the instrument. If the user types a GPIB query that
returns a value, the user must check a check box. Table 12 summarizes the
property changes to make to controls in the Send GPIB Commands frame.

& Err.Description

Table 12: Property changes to make in the Send GPIB Commands frame

Control

Frame3

Textbox1

Label2
Label8

CommandButton4

CommandButton5

Checkbox1

Property

Change from

Change to

Send GPIB Commands frame (bottom left)

Caption
(Name)
Caption
(Name)
Caption
BackColor
Special Effect
(Name)
Caption
(Name)
Caption
(Name)

Caption

Oscilloscope Analysis and Connectivity Made Easy

Frame3

Textbox1

Label2

Label8

Label8

Button Face

Flat
CommandButton4
CommandButton4
CommandButton5
CommandButton5
Checkbox1
Checkbox1

Send GPIB Commands
txXtGPIB

Result
IbIManualResults

(no Caption)

Button Light Shadow
Sunken

cmdSendCmd

Send Command
cmdClearMResults

Clear
chkHasReturn

Has Return Value
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Figure 26 shows the portion of the form detailed in Table 12.

Properties - Frame3 —Send GPIB Commands ———— =

Frame3 Frame ;I

chkHasReturn CheckBox | [& Tl
cmdClearMResults CommandButton o :
cmdsendCmd CormmandButton

- | Send Commandl Clear l

Label2 Label
IbiIManualResults Label

______ [ T S i

Figure 26: The Send GPIB Commands frame

The Clear Button Routine

When the user clicks the Clear button in the Send GPIB Commands frame,
this routine clears the txtGPIB text box where GPIB commands and queries
are typed, and clears the IbiIManualResults label caption where query results
appear (if the check box is selected).

1. Typethefollowing cmdClearMResults_Click subroutine:

Private Sub cndd ear MResults_d i ck()
* clear GPIB command controls
txtGPI B. Text = ""
| bl Manual Resul ts. Caption = ""

End Sub

The Send Command Button Routine
Y our next task is to address the logic invoked when the user types a GPIB
command or query and then clicks the Send Command button.

1. Typethefollowing cmdSendCmd_Click subroutine:

Private Sub cndSendCmd_d i ck()
DimstrCnd As String, strResult As String
On Error GoTo cmdSendCndErr

"send the user’s GPlI B command
strCmd = txt GPl B. Text
Tvcl. WiteString strCnd
* check to see if the user expects a return val ue
| f chkHasReturn. Val ue = True Then
strResult = Tvcl. ReadString
| bl Manual Resul ts. Capti on = strResult

El se
| bl Manual Resul ts. Caption = "*"
End |f
Exit Sub
cndSendCndErr:
MsgBox "Error: " & Err.Nunber & ", " & Err.Description
End Sub
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When the user clicks the Send Command button, this code does the

following:

a. Declaresastring variable to hold the GPIB command or
query and another string variable to hold the query
result, if any.

b. Assignsthe runtime value returned by the Text property
of the txtGPIB text box to the GPIB command string
variable.

c. Usesthe WriteString method of the TekVISA ActiveX
Control to send the command string to the instrument.

d. Checksthe runtime Value property of the chkHasReturn
check box to seeif the user expects aresult. If so, uses
the ReadString method of the TekVISA ActiveX Control
to read the result of the query sent with the WriteString
method.

f. Assignsthat result to the Caption property of the
IbIManualResults Label control, so that it will appear on
the form.

g. If the check box wasn’t selected, stores ablank string in
the Caption property of the IbIManualResults Label
control.

h. If clicking the WriteString button causes an error,
control passes to the cmdSendCmdErr error routine,
which prints an error message.

Running the TekVISA Test Run Program

The Show Form Routine

Now that you have created the form, the next step is to create a short routine

that displays it when the user clicks a button on the spreadsheet.

1. Expand the Modules folder in the Project Explorer window
and double-click Modulel.

2. Anempty page in the Code window appears.

3. Typethefollowing:
Option Explicit

Sub bt nShowFor ()
f r mfekVI SATest Run. Show vbModel ess
End Sub
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This code displays the TekVISA Test Run form with the display style
set to the constant vbModeless, meaning that the form is not modal.
Sinceit is modeless, no applications are suspended when the formis
displayed, so the user need not respond to the form before using any
other part of the application.

To add a button to the spreadsheet so you can run the program you just
created:

1. PressAlt+F11 to switch from VBA to the Excel spreadsheet.

2. |If the Excel Forms Toolbar isnot visible, select View >
Toolbar > Forms to display it.

3. Double-click the Button icon and click in or near cell A4, the
spot in the spreadsheet where you want to insert it.

The Assign Macro dialog box appears.

4. Select the ShowForm module as the macro name and click
OK.

5. Right-click the button, select Edit Text, and change the
button caption from Buttonl to Show Form.

6. Select File > Save to save the TekVISA Test Run.xls
spreadsheet, along with the VBA program you just created.

7. Click away from the button if necessary to exit Design
mode, and then click the Show Form button to run the
program.

The TekVISA Test Run dialog box appears.

Note: Even if you do not have a waveform source connected to
Channel 1 of your oscilloscope, you will still be able to pick up
enough random noise to generate some data to verify that your
program works.

8. Maodify your oscilloscope settings to prepare for a data
transfer. Be sure to set the record length as part of this step.

9. Click the buttons on the form.

Y ou will seeresults similar to Figure 20. If an error occurs, switch to
VBA and debug the program.

96 Oscilloscope Analysis and Connectivity Made Easy



Using VB Instead of VBA

Using VB Instead of VBA

If you want to work this exercise using Visual Basic 6.0, you will need to
create the form using that tool instead of Excel VBA. Refer to Chapter 8 for
an example of how to use Visual Basic 6.0 controls to design aform.

Figure 27 shows a VB 6.0 version of the four-part TekVISA Test Run
example discussed in this chapter. This program was saved under the project
name p_CH5VB.vbp on the CD that accompanies this book. Notice that alist
box has been used to display the waveform data pointsin this example, since
there is no spreadshest.

i, Demol =] E3
— Measurement Commands—————— ~'waveform Data
500 0052 A
BREA Record Lengih | 0.00136 -
Get [hk4 | BURST 000744
Measurement CAREL Interval ID'DDDDD2 0.ooe4
CRMS 000744
DELAY - 4 10 0.0 76
FalL Trigger Position 000164
FREQUEMCY 0.00156
HIGH ¥ Dizplay ' ave Farm Yalues 0.00118
L0 000163
b LIM = s 0.00168
Get WwaveForm : Clear | oo 2e
. ‘MEASUREMEMT:IMMED A, ' -
Results: LR TR & 000152 N
Send GPIE command Current Device: ASHLTINSTR
Rezults
[~ Has Retun Value Send Comnmand Clear |

Figure 27: Visual Basic 6.0 version of the TekVISA Test Run program

Y ou will also have to make some changes to the code. Where you used the
VBA UserForm class with the Initialize event, substitute the VB Form class
with the Load event. Therefore, instead of creating a UserForm_Initialize()
subroutine, you will create a Form_Load() subroutinein VB 6.0 as shown
here:

Private Sub Form Load()

Instead of using a spreadsheet to store the waveform data points, you will use
alist box named IstWF in the form. The GetWaveform routine is shown here:

Private Sub cnmdGet WaveForm C i ck()
’ declare variabl es
DimarrW As Variant 'array variable which will hold waveform val ues
Dim xi nc As Double ' variable which will hold the x axis increnent
Dimtrigpos As Long ' variable which hold the timng trigger
’ position
Dimi As Long ' counter variable
DimvUnits As String, hUnits As String

On Error GoTo cndGet WFMVET r

"CH1 is the OCX built-in constant specifying Channel 1
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Call Tvcl. Get Waveforn(CHL, arrWF, xinc, trigpos, vUnits, hUnits)

If IsArray(arrW) Then ' check to be sure returned value is an
array
| bl RecLengt h. Capti on = UBound(arrW) - LBound(arrW) + 1
El se
Exit Sub
End |f

I bl I nterval . Caption = xinc
| bl Tri gPos. Caption = trigpos

I f chkDi spl ayWr. Val ue = vbChecked Then ' if user wants val ues
di spl ayed, |oop through the array
For i = LBound(arrW) To UBound(arr WF)
| st WF. Addl t em ar r WF(i )
Next
End |f
Exit Sub
cndGet WFMET r :
MsgBox "Error: " & Err.Nunber & ", " & Err.Description
End Sub
Chapter 5 Review

To review what you learned in Chapter 5:

e TheTekVISA Control includes methods and properties that
allow you to find resources, get waveforms, send commands,
and get results.

* TheExcel object model includes objects and properties that
alow you to access and insert values into cell ranges
programmatically.

* You can check Runtime properties of VBA controlsto
determine user interaction with aVBA form

* You can usethe TekVISA Test Run program designed in this
chapter to send avariety of commands and display the
results on aform, and to get waveforms and display themin
your spreadsheet or on the form itself (in the case of the VB
version).
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Chapter 6:
A Measurement Charting Example

Using VBA to write a program that plots
measurement against time

Introduction

The purpose of this chapter isto demonstrate how to perform real-time
capture and charting in an Excel VBA or VB 6.0 application. In this chapter,
you will build a program that repeatedly gets measurements at specified
intervals for a specified length of time, and then plots those results in a chart.

The program builds on information learned in previous chapters, and
introduces some new controls and programming techniques. Most of the code
has to do with setting up the chart and controlling the timer control. Unlike
previous examples, the program includes severa subroutinesthat are
triggered by calls from other routines, rather than by user actions or system
events.

Besides teaching you more about VBA programming, this example may
prove useful in your daily work, since you can easily customize it.

What You Need to Get Started

Y ou can work this example either on a separate PC or on your Windows-
based oscilloscope, using either Excel’s built-in VBA or Visual Basic 6.0. To
get started, you will need the following:

e A Windows-based Tektronix oscilloscope (an external
monitor is recommended if you are working the example on
your oscilloscope)

e Excel 2000 or XP (or Visual Basic 6.0) installed on your
oscilloscope or on an external PC

* TheTekVISA connectivity software described in Chapter 1
(see page 323 for the location of the completed example)
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What You Will Do
In this chapter, you will build asample VBA program that

e issues native GPIB commands to capture immediate
measurement data

» setsthetimeinterval for repeatedly capturing data
» setsthelength of time for the data capture
e plotstheresultsin an Excel spreadsheet and chart.

Figure 28 shows the design-time interface that you will create. Asyou can
see, the user interface includes some list boxes, check boxes, 1abels,
command buttons, and a frame that groups some new controls called spin
buttons. Thisuser form allows you to interact with your oscilloscope in the
following ways:

e inthefirst list box, you can choose ameasurement
command to send

* inthesecond list box, you can choose the time interval (for
example, every 30 seconds) for sending the measurement
command

e inthethird list box, you can choose the duration (for
example, 2 seconds) for sending the measurement command

e inthelabels next to the spin buttons, you can choose the
spreadsheet row and column location to begin inserting the
measurement data

e inthetwo check boxes, you can decide whether or not to
chart the results and whether or not to display the chart
results once after the duration of the measurement period has
expired or continuously as each measurement is taken

e the command buttons allow you to start and stop sending
the measurement command, and close the form
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Figure 28: The form you will design for the Chart Measurements example

Figure 29 shows the same UserForm at runtime after fields have been filled
inwith resultsin al areas of the form.
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Figure 29: The Chart Measurements form at runtime

Figure 30 shows the measurement data in the spreadsheet and the charted
results. The measurement datais plotted if the Chart Measurements check
box is selected on the form. The display doesn't take place until data capture
has completed if the Display At Completion check box is selected.
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Figure 30: Chart Measurements plotted results

What You Will Learn
In this chapter, you will:

* build aform with more expanded functionality than the
previous exampleld including the use of spin button controls
and a Close button

e learn how to use the Excel ChartObject

e learn how to add timing considerations to your solutions

* learn how to hide or show aframe on aform

* learn how to closeaform

* review theuse TekVISA ActiveX Control operationsto send

native GPIB measurement commands and queries to your
oscilloscope and get back results
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e add abutton to run this VBA program from your Excel
spreadsheet

» find out the changes you will need to make if you want the
program to run in Visua Basic 6.0 instead of Excel

The Chart Measurements Example in Excel VBA

Building the Form

This chapter focuses primarily on the VBA code and assumes you are
aready familiar with VBA visual editing tools for constructing dialog
interfaces. For step-by-step instructions on designing aform for the VBA
design environment, refer to page 48.

To begin building the UserForm:

1. Open Excd and save the spreadsheet under the name
ChartMeasurement.xls.

2. PressALT+F11 to accessthe Visual Basic for Applications
design environment from within Excel.

3. Insert aUserForm by clicking the Insert UserForm icon on
the VBA Standard Toolbar.

4. Rename the UserForm Measurement Demo.

5. If necessary, follow the instructions on page 51 to add the
TekVISA ActiveX Control to the Controls Tool box.

6. Dragthe TekVISA Control icon onto the Userform.
7. Add controls to design the Userform, making sure that each

control is placed as shown in Figure 31. Note the use of two
spin button controlsinside Frame1l.

Note: It is not necessary to drag the controls onto the form in the
exact order shown; however, doing so will help you verify that
you have changed all the properties correctly.

Changing Properties in the Properties Window
Table 13 summarizes all the changes to make in the Properties window to

convert the UserForm from its appearance in Figure 31 to itsfinal
appearance.
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)

Figure 31: Chart Measurements form before changing default captions and

appeara

nce of controls

After changing the name, captions, and other properties itemized in the table
and resizing controls, the form will look like Figure 32 (the TekVISA control
icon is hidden behind one of the list boxes).

C T Cheet Mssnrements .
St Cll Sebection:

oy
i I |

T

4| 4 |k

Figure 32: The redesigned form for Chart Measurements

Table 13: Changes to make in the Properties window to Chart Measurements

Control Property Change from Change to
UserForm1l Caption UserForm1 Measurement Demo
tvc (TekVISA) (Name) Tvcl Tvcl (no change needed)
Labell Caption Labell Measurement
Label2 Caption Label2 Second Intervals
Label3 Caption Label3 Duration (min.)
Label4 Caption Label4 Record Length
Label10 (Name) Label10 IbIRL

Caption Label10 (no Caption)

Special Effect  Flat Sunken
Listbox1 (Name) Listbox1 IstM
Listbox2 (Name) Listbox2 Istinterval
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Control

Listbox3

CommandButtonl

CommandButton2

CommandButton3

Checkbox1

Checkbox2

Framel
Label5
Label6
Label7

Label8

Label9

SpinButtonl

SpinButton2

The Chart Measurements Example in Excel VBA

Property Change from

(Name) Listbox3

(Name) CommandButtonl

Caption CommandButtonl

(Name) CommandButton2

Caption CommandButton2

(Name) CommandButton3

Caption CommandButton3

(Name) Checkbox1

Caption Checkbox1

(Name) Checkbox2

Caption Checkbox2
Starting Cell Selection frame

Caption Framel

Caption Label5

Caption Label6

(Name) Label7

Caption Label7

Special Effect  Flat

(Name) Label8

Caption Label8

Special Effect  Flat

(Name) Label9

Caption Label9

Special Effect  Flat

ForeColor Black

(Name) SpinButton1

Max 100

Min 0

(Name) SpinButton2

Max 100

Min 0
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Change to
IstDuration
cmdStart

Start Measurement
cmdStop

Stop Measurement
cmdClose

Close

chkPaintOnce
Display At Completion
chkMakeChart

Chart Measurements

Starting Cell Selection
Column
Row

IbICol

(no Caption)
Sunken
IbIRow

(no Caption)
Sunken
IbICell

(no Caption)
Sunken

Blue (select from Palette)

spnCol
52

1

SpnRow
300
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Initialization

Module Level Variable Declarations
First you will define some variables that can be accessed by all the
subroutines in the code module:

Press F7 to switch to the Code window.

Type the following statement so VBA will ensure that
variables are defined before you use them:

Option Explicit

Type the following variable declarations, whose purposes
are well commented in the code:

Di m St opTi ner Count As Long ' variable for hol ding when tiner
shoul d stop

Dimtlinterval As Double ' variable for hol ding user-specified

capture interval
DimstrMeas As String ' variable for sending i mediate
'’ measurenent conmand to scope

Di m bl nSt opFl ag As Boolean ' variable to flag whether the user
wi shed to halt neasurenents

Di m Ref Chart As Chart ' reference variable for inserted chart

’ Wndows APl function used to create a timed interval for

measur enent capture
Private Declare Function GetTi ckCount Lib "kernel 32" () As Long

Since GetTickCount is a Windows API function, you need only
declareit before you can useit.

The UserForm Initialize Routine
This code executes immediately before the UserForm isfirst displayed. It
initializes spin controls, list boxes and result |abel captions.

1

2.

Type the following statements to set default spin control
values and associated result label captions:

Private Sub UserForm I nitialize()

Dimi As Integer

initialize the spin control values and default cell
for measurenment capture

spnCol . Val ue = 3

| bl Col . Caption = "C"

spnRow. Val ue = 1
| bl Row. Caption = "1"

I bl Cell.Caption = "C1"

1

Type the following code block to fill in the IstM list box.
This codeis similar to the code explained in the last chapter

beginning on page 85. Refer back to that explanation for a
detailed discussion.

1

popul ate the list box with i medi ate nmeasurenment GPI B
conmands
Wth I stM
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. Addl t em " AREA"

. Addl t em " BURST"

. Addl t em " CR\VB"

. Addl t em " DELAY"

. Addl tem " FALL"

. Addl tem "H GH'

. Addl t em " FREQUENCY"

. Addl t em " MAXI MUM'

.Addltem "M NI MUM'

. Addl t em " NDUTY"

. Addl t em " NOVERSHOOT"

. Addl t em " NW DTH'

. Addl t em " PDUTY"

. Addl tem " PERI OD"

. Addl t em " PK2PK"

. Addl t em " POVERSHOOT"

. Addl tem " PW DTH'

. Addl tem "RI SE"

. Addl tem " RVB"
.Listlndex = 0

End Wth

3. Typethefollowing code block to fill in the Istinterval list
box with values ranging from .25 to 100 minutes:

' popul ate the interval |ist box
Wth |stlnterval

.Addltem ". 25"

. Addltem ". 50"

For i =1 To 100

.Addl tem i

Next

Istinterval.Listlndex = 1
End Wth

4. Typethefollowing code block to fill in the IstDuration list
box with values ranging from 20 seconds to 120 seconds, in
5 second intervals. This code also preselects aduration of 3
minutes in the list box, and sets the default record length that
appearsin the IbIRL result label caption to 120 records.

' popul ate the duration |ist box

Wth |stDuration
.Addltem ". 3333 (20 seconds)"
.Addltem".5 (30 seconds)"
.Addltem ".75 (45 seconds)"
.Addl tem "1"
For i =5 To 120 Step 5

.Addltemii

Next

End Wth

| st Duration. Li stlndex = 3

| bl RL. Caption = "120"

End Sub
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Choosing Measurements
These routines respond to events triggered by user actions, such as selecting
from alist box or clicking acommand button.

Command Button Routines
First you will add the code that isinvoked when the user clicks one of the
command buttons on the form.

1. Typethe following code, which executes when the user
clicks the Start Measurement button:

Private Sub cnmdStart_Cick()

bl nSt opFl ag = Fal se
* build the GPIB command to send
striMeas = "MEASUREMENT: | MVED: TYPE " &
| st M List(lstMListlndex) &
"; VAL?; : HEADER OFF"
Cal | CaptureMeasurenments
End Sub

This code:
a. Initializes the boolean stop flag to False.

b. Buildsthe measurement command to send (see similar
code on page 86 for details). In this case, you
concatenate the command string with the runtime value
returned by thelist box’s List property. This
concatenated value corresponds to the measurement
command (see Table 10) selected by the user from the
IstM list box.

Note: This code usesthe List property rather than the Text
property because Text is not reliably assigned in Microsoft
Office MSForm library list boxes, even if Listindex <> -1,
indicating that a selection has been made.

c. Callsthe CaptureMeasurements subroutine (on page
110) to send the measurement command to the
oscilloscope and get the results.

2. Typethefollowing code that sets the stop flag to True when
the user clicks the Stop Measurement button:

Private Sub cndStop_Oick()
bl nSt opFl ag = True

End Sub
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Type the following code, which unloads the form (removes
it from memory and reclaims al memory associated with the
form) when the user clicks the Close button:

Private Sub cndd ose_d i ck()
Unl oad fr mveasur enent
End Sub

Capture Measurements Routine

After the user clicks the Start Measurement button, this routine sends the
measurement command selected by the user to the oscilloscope. It also usesa
Timer function to calculate the interval selected by the user.

1

2.

Type the following variable declarations, which are
explained by program comments:

Private Sub CaptureMeasurenents()
' This routine sends neasurenent conmands and uses the
' GetTi ckCount Wndows APl function to cal culate the interval

by the user
Dimret As Variant ’ gets return value from TekVI SA contr ol
Dimrl As Range, r2 As Range, r3 As Range ' Range vari abl es

vari abl es used to hold return values fromthe GetTi ckCount
function and to cal cul ate whet her user-specified interval

* has el apsed

Dim StartTine As Long

Di m EndTi ne As Long

Dm D ffTine As Long

"variable to hold interval in mlliseconds
Diminterval As Long

"variable to track the nunmber of captures
Dimtracker As Long

"variabl es for use in specifying ranges

Di m Ref Col As Long

Di m Ref Row As Long, StartRow As Long

vari able to hol d user choice on drawing a chart
Di m bl nDrawChart As Bool ean

"variable to hold user choice on single or nmultiple painting
*of screen

Di m bl nPai nt Once As Bool ean

Typethefirst logic of this routine, which disables screen
updating and changes the cursor to an hourglass symboal if
the user selected the Display at Completion check box:

turn off screen updating if we are painting the active sheet
only once
I f chkPai nt Once. Val ue = True Then
Appl i cation. Cursor = x|l Wit
Appl i cati on. ScreenUpdati ng = Fal se
bl nPai nt Once = True
End | f

Type the next code segment, which saves the runtime value
of the Chart Measurements check box. If that value istrue
and the Display at Completion check box isfalse, the
program calls the InsertChart subroutine (on page 118) to
insert an empty chart into the active sheet.
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bl nDrawChart = chkMakeChart. Val ue

* determ ne whether to insert chart before we begin

' measurenent captures

If bl nDrawChart = True And bl nPai nt Once = Fal se Then
Call InsertChart

End | f

4. Type the next code segment:

"bind range to user specified starting cell
Set rl1 = ActiveSheet. Range(l bl Cel |. Capti on)
assi gn neasurenent selection to starting cell and nmake bol d
rl.Value = | stMList(lstMListlndex)
rl. Font.Bold = True
* get row and columm val ues for use in | oop bel ow
Start Row = r 1. Row
Ref Row = r 1. Row
Ref Col = r1. Col um

This code:

a. Getsthe runtime value of the Caption property of the
IbiCell Iabel, which contains the starting spreadsheet cell
location selected by the user.

b. ReturnsaRange object with the user-selected location
as an absolute cell value in the active worksheet.

c. Assignsthat result torl, avariable of datatype Range.

d. Setsthecell locationin ri to the runtime value selected
in thelIstM list box (for example, if the user selected the
“Period” measurement command, that name is stored as
a header).

e. Setsthe Font property to Bold for the cell location stored
inrl.

f.  Assignsthe number of thefirst row inthefirst areain
Range r1 to counter variables StartRow and RefRow.

g. Assignsthe number of the first column in the first area
in Range r1 to a counter variable named RefCol.

5. Typethe next code segment:

The GetTi ckCount function returns the nunber of

m | liseconds el apsed since m dnight. The second specified
* by user nust be multiplied by 1000 for use bel ow
interval = tlnterval * 1000
Start Time = GetTickCount() ' get out first startng tinme
tracker = 0
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This code:

a.  Multiplies the user-specified capture interval (obtained
from the CalcRecordLength routine on page 115) by
1000 since the GetTickCount function dealsin
milliseconds, and stores the result in the interval
variable.

b. Savesthe output from the GetTickCount function in the
StartTime counter variable.

c. Initializesthe counter variable that tracks the number of
data captures performed.

Type the next code segment:

Do Wil e tracker < StopTi mer Count
I f bl nSt opFl ag Then GoTo StopFlag ' exit but |eave form
* open if user flags a stop
EndTi me = Get Ti ckCount
DiffTine = EndTinme - StartTinme

If DffTime >= interval Then ' time to get a neasurenent
send conmand
Tvcl. WiteString strMeas
get results and format them
ret = Tvcl. ReadString
ret = Format (ret, "#. #######")
increnent the row for assigning neasurenent val ue
Ref Row = Ref Row + 1
Set r2 = ActiveSheet. Cel | s( Ref Row, Ref Col)
r2.Value = ret
If blnDrawChart = True And bl nPai nt Once = Fal se Then
bind a new Range variable to all currently
' captured nmeasurenents
Set r3 = ActiveSheet. Range(Cells(StartRow, RefCol),
Cel | s(Ref Row, RefCol))
Call DrawChart(r3) ' update the chart

End |f
StartTime = EndTime ' assign the EndTinme as the new
StartTime for a new interval
tracker = tracker + 1 ' increnent the tracking
* variable
End |f

nmake sure W ndows nessages are processed so stop
request by user (cndStop_Cick event) can be captured
DoEvent s

Loop
Build chart at end if requested by user

If blnDrawChart = True And bl nPai nt Once = True Then
Call InsertChart
Set r3 = ActiveSheet. Range(Cells(StartRow, RefCol),

Cel | s(Ref Row, RefCol))

Cal | DrawChart (r3)

End |f

’ make sure to set cursor and screen updating back

Application. Cursor = x| Def aul t

Appl i cation. ScreenUpdati ng = True

’ ensure we draw everything

Unl oad fr nmveasur enent
St opFl ag:
Exit Sub
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While the counter that tracks the number of data capturesislessthan
the value of StopTimerCount (set in the CalcRecordLength routine
on page 115), this code executes a DO loop that:

a. Jumpsto the end of the CaptureMeasurements routine if
the Stop Measurement button was clicked (which sets
the stop flag to True).

b. Getsthe current time from the GetTickCount function,
decrements the starting time from it and saves the
difference.

c. If thedifferenceisgreater than or equal to the value of
interval, the program.

1) Sendsthe measurement command selected by the
user, getsthe query result, formats it with the correct
number of decimal points, and storesit in the ret
variable.

2) Incrementsthe row value by 1 and usesit to abtain
an R1C1-style cell value, returned by the Cells
property of the active sheet.

3) Convertsthe R1C1-style value to an Al-style value
by storing it in intermediate Range variabler2.

4) Assignsthe query returned valuein ret to the cell in
r2.

5) If the Chart Measurements check box is selected
and the Display on Completion check box is cleared:

a) Getsthe Range object containing data captured
so far.

b) Savesitin Range variabler3.

¢) Passesit to the DrawChart routine (on page 119)
to do an interim update of the chart display.

d. Assignsthe EndTime value returned by the
GetTickCount function as the new starting time for a
new interval.

e Incrementsthe tracker counter that tracks the number of
data captures.

f.  Usesthe DoEvents function to pass control to the
operating system, to make sure Windows messages are
processed so the program can detect whether the user
clicked the Stop Measurements button.
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g. After thetimeinterval has elapsed, if both check boxes
were selected:

1) Callsthe InsertChart routine (on page 118) to insert
an empty chart into the active sheet.

2) Getsthe Range object containing all the data
captured.

3) Savesitin Range variabler3.

4) Passesit to the DrawChart routine (on page 119) to
plot all the captured measurements.

h. Setsthe cursor back to the default mouse pointer arrow
and reenabl es screen updating to ensure that the chart
appears on the screen.

i.  Unloadsthe form, which removesit from memory and
reclaims all memory associated with the form.

Type the last code segment, which provides a code block
that is called by the VBA runtime for error handling when an
€rror occurs:

Capt ur eBErr :
MsgBox "Error " & Err.Nunber & ": " & Err.Description
Application. Cursor = x| Def aul t
Appl i cati on. ScreenUpdati ng = True

End Sub

List Box Routines
Now you will add the code that isinvoked when the user makes a selection
from one of the list boxes on the form.

1

Type the following code, which calls the CalcRecordLength
function (on page 115) when the user selects a data capture
time duration from the IstDuration list box:

Private Sub |stDuration_Cick()
Cal cRecor dLengt h
End Sub

Type the following code, which calls the CalcRecordLength
function when the user selects atime interval between data
captures from the Istinterval list box:

Private Sub Istinterval _Cick()
Cal cRecor dLengt h
End Sub
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3. Typethefollowing code, which calls the CalcRecordLength
function when the user selects a measurement command
from the IstM list box:

Private Sub IstMdick()
Cal cRecor dLengt h
End Sub

Calculate Record Length Routine
Next you will ook at the logic used to calculate the record length of the
captured data, based on user selections from list boxes.

1. Typethefollowing code, which initializes variables and tests
to seeif the user has selected anything from the Istinterval or
IstDuration list boxes:

Private Sub Cal cRecordLengt h()

DimrLength As Long

Di m dur ation As Doubl e

DimstrD As String

* routine which calculates the appropriate interval for the
timer and cal cul ates the number of times the timer wll
fire; called in control events which change the interval
and duration of the neasurenents

1

1

items not selected in list boxes
If Istinterval.Listlndex = -1 Then Exit Sub
If IstDuration.Listlndex = -1 Then Exit Sub

2. Typethe next code segment:

code bel ow uses the List property rather than the
Text property because Text is not reliably assigned in
MSForm | i st boxes even if Listlndex <> -1

1

1

tinterval = Val (Istlnterval.List(lstlnterval.Listlndex))
strD = | st Durati on. Text
" calculate the record length; need to acconmmbdat e
submi nut e durations
Sel ect Case strD
Case ".3333 (20 seconds)"
duration = 20

1

Case ".5 (30 seconds)"
duration = 30

Case ".75 (45 seconds)"
duration = 45
Case El se
duration =
CLng( | stDuration. List(lstDuration.Listlndex)) * 60
End Sel ect

This code:

a. Assignsthe numeric value of the currently selected entry
in the Istinterval list box to a variable named tinterval.
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b. Assignsthetext inthe currently selected entry in the
IstDuration list box to avariable evaluated in subsequent
CASE statements.

c. Handles special cases where the durationislessthan a
minute.

d. For al other cases, calculates the record length by
converting and rounding up the currently selected entry
in the IstDuration list box to along integer value,
multiplying the value times 60 seconds, and storing the
result in a variable named duration.

3. Typethefollowing:

rLength = CLng(duration / tlnterval)

St opTi mer Count = rlLength ' assign value to variabl e used
* by CaptureMeasurenments routine

I bl RL. Caption = rLength ' display record |ength

End Sub
This code:

a. Dividesthe duration by the time interval, converts and
rounds up the result to along integer, and stores the
result as the record length.

b. Usesthe result asthe upper limit that ends the DO loop
in the CaptureMeasurements routine on page 110.

c. Assignsthe result to the Caption property of the IbIRL
Label contral, so that it will appear on the form.

Displaying Results
This set of routines handles the display of measurement results in spreadsheet
cellsand in an Excel chart.

Check Box Routine

This routine eval uates whether the user selected the Chart Measurements
check box, and hides or shows the related frame on the form based on the
result.

1. Typethefollowing code, which sets the Visible property of
the fraCellSelection frame, based on the value of the
chkMakeGraph check box:

Private Sub chkMakeG aph_d i ck()
| f chkMakeG aph. Val ue = True Then
fracCel | Sel ection. Visible = True
El se
fracCel |l Sel ection. Visible = Fal se
End | f

End Sub
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Spin Button Routines
The next few code blocks handle the spin buttons from which the user selects
starting spreadsheet row and column values.

1. Typethefollowing:

Private Sub spnCol _Spi nDown()
* user may choose colums fromA to AZ
Dimi As |nteger
i = spnCol . Val ue
If i <= 26 Then
| bl Col . Caption = Chr$(i + 64)
El se
| bl Col . Caption = "A" & Chr$(i + 38)
End |f
Bui | dCel |
End Sub

When the user selects a column value from the spnCol spin button by
clicking the lower button, this code

a. convertsthe selected column value to an aphabetic character
between A and AZ

b. assignsthe result to the Caption property of the IblCol label
control, so that it appears on the form

c. calsthe BuildCell subroutine, which uses this column component
to build arow/column cell value

2. Typethefollowing similar code, which executes when the
user selects a column value by clicking the upper button of
the spnCol control:

Private Sub spnCol _Spi nUp()
* user may choose colums fromA to AZ
Dimi As Integer
i = spnCol . Val ue
If i <= 26 Then
| bl Col . Caption = Chr$(i + 64)
El se
| bl Col . Caption = "A" & Chr$(i + 38)
End |f
Bui | dCel |
End Sub

3. Typethefollowing:

Private Sub spnRow_Spi nDown()
row val ues specified by the Mn and Max range properties
* of the spnRow control
| bl Row. Capti on = spnRow. Val ue
Cal | Buil dCel |
End Sub
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When the user selects arow value from the spnRow spin button by
clicking the lower button, this code

a. assignsthe selected row value to the Caption property of the
IbIRow label control, so that it appears on the form

b. callsthe BuildCell subroutine, which uses this row component to
build arow/column cell value

4. Typethefollowing similar code, which executes when the

user selects arow value by clicking the upper button of the
spnRow control:

Private Sub spnRow_Spi nUp()
" row val ues specified by the Mn and Max range properties of
’ the spnRow control
| bl Row. Capti on = spnRow. Val ue
Cal | BuildcCell
End Sub

5. Typethe following code, which concatenates the row and

column captions to form the caption of the IbiCell |abel,
where the starting cell value appears on the form:

Private Sub Buil dCell ()
*Concatenate | abel captions to specify starting cell
| bl Cel |l . Caption = | bl Col.Caption & | bl Row. Capti on
End Sub

Insert Chart Routine
Thisroutineis called into play when the user decides to chart the captured
measurement results.

Figure 33 shows how charts are incorporated in the Excel object model. A
chart can appear asits own sheet or on aworksheet. A ChartObjects
collection on aworksheet is made up of ChartObject objects, each of which
represents an embedded chart on a specified sheet and acts as a container for
aChart object. You can use properties and methods for the ChartObject
object to control the appearance and size of an embedded chart on a sheet.

| Application

L{ Workbooks [wWorkbook]) |

Charts [Chart) |

Workzheetz [Workzsheet] |
ChartObijects [ChartDbject) |
Border |

Chart |

Intenor |

Figure 33: How the Excel model incorporates charts
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1. Typethefollowing:

Sub | nsertChart ()
" this code inserts a chart into the activesheet
Dimws As Wrksheet
Di m cos As Chart Objects
Dimco As Chart Obj ect
Dimc As Chart
Set ws = ActiveSheet
Set cos = ws. Chart Obj ects
Set co = cos. Add(Left: =20, Top: =50, Wdth: =400,
Hei ght : =250)

Set RefChart = co. Chart
Ref Chart . Chart Type = xl Li neSt acked

End Sub

This code:

a. Declaresarray variablesthat represent parts of the Excel
object model, including a Worksheet object, a
ChartObjects collection, a ChartObject object, and a
Chart object.

b. Assignsthe active sheet in the active workbook to the
Worksheet variable named ws.

c. Assignsthe ChartObjects collection on the active
worksheet to the variable named cos.

d. Usesthe Add method with the ChartObjects collection to
return a ChartObject named co, which is an empty
embedded chart whose location and size are specified in
points and are relative to the A1 cell position (note the
use of named arguments syntax with the assignment
symbol :=).

e. Usesthe Chart property to return the Chart contained in
the ChartObject named co, and creates an object
reference by assigning the returned Chart to the variable
RefChart.

f. Setsthe ChartType property of the referenced chart to
the Excel constant xILineStacked, which makesit a
stacked line chart.

Draw Chart Routine

This code draws the plotted measurements chart, either in its entirety or by
updating it in stages, depending on whether the Display at Completion check
box was selected.
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1

Type the following:

Sub DrawChart(r As Range)
’ Update the chart
Ref Chart . Set Sour ceDat a Sour ce: =r, Pl ot By: =x| Col umms

End Sub

This code uses named argument syntax with the SetSourceData
method to:

a.  Set the source datarange of the referenced chart to the
range passed to the DrawChart routine, and

b. Specify that the chart will be plotted by column.

Running the Chart Measurements Program

The Show Form Routine
Now that you have created the form, it is time to create a short routine that
displays it when the user clicks a button on the spreadsheet.

1

2.

3.

Expand the Modules folder in the Project Explorer window
and double-click Modulel.

An empty page in the Code window appears.

Type the following:
Option Explicit

Sub bt nShowFor ()
f r mMVeasur enent . Show vbModel ess
End Sub

This code displays the Measurement form with the display style set
to the constant vbModeless, meaning that the form is not modal.
Sinceit is modeless, no applications are suspended when the formis
displayed, so the user need not respond to the form before using any
other part of the application.

To add abutton to the spreadsheet to run this program:

1

2.

Press Alt+F11 to switch from VBA to the Excel spreadsheet.

If the Excel Forms Toolbar is not visible, select View >
Toolbar > Forms to display it.

Double-click the Button icon and click in or near cell A4, the
spot in the spreadsheet where you want to insert it.

The Assign Macro dialog box appears.

Select the ShowForm module as the macro name and click
OK.
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5. Right-click the button, select Edit Text, and change the
button caption from Buttonl to Show Form.

6. Select File > Save to save the Measurement.xls spreadshest,
along with the VBA program you just created.

7. Click away from the button if necessary to exit Design
mode, and then click the Show Form button to run the
program.

The Measurement Demo dialog box appears.

Note: Even if you do not have a waveform source connected to
Channel 1 of your oscilloscope, you will still be able to pick up
enough random noise to generate some data to verify that your

program works.

8. Click the buttons on the form.

Y ou will seeresults similar to Figure 29 and Figure 30. If an error occurs,
switch to VBA and debug the program

Using VB Instead of VBA

If you want to work this exercise using Visual Basic 6.0, you will need to
create the form using that tool instead of Excel VBA. Refer to Chapter 7 for
an example of how to use Visua Basic 6.0 controlsto design aform.

Figure 34 showsaVB 6.0 version of the Chart Measurement program
discussed in this chapter. This program was saved under the project name
p_CH6VB.vbp on the CD that accompanies this book.

Oscilloscope Analysis and Connectivity Made Easy 121



Using VB Instead of VBA

. Dema? = E

Hesoasmant Commandsy

Bl et AIGE w|  Durstion PMeagact

Secord ieivals 50 2
-] - 1 i.!
1 2
2 4
i} 5
[ =

Racodangt | 5 = |- =

!
i
[

1000 Ll i
fepaiedena

10004 Ll L)

10002 el i)

10000 (U000

Figure 34: Visual Basic 6.0 version of Chart Measurement program

Thisversion of the program differs from the VBA version in a number of
ways:

e Where you used the VBA UserForm class with the Initialize
event, substitute the VB Form class with the Load event.
Therefore, instead of creating a UserForm_Initialize()
subroutine, you will create a Form_Load() subroutinein VB
6.0 as shown here:

Private Sub Form Load()

* Thisversion of the program uses combo boxes instead of list
boxes to hold duration and interval information. In this
example, the record length isrecalcul ated if the user changes
values inside the combo box by clicking or entering a new
value:

Private Sub cboDuration_dick()
Cal cRecor dLengt h

End Sub

Private Sub cboDurati on_KeyPress(KeyAscii As |nteger)
| f KeyAscii = 13 Then Cal cRecordLength

End Sub

Private Sub cboDuration_Lost Focus()
Cal cRecor dLengt h
End Sub

Private Sub cboMeasurenent _C i ck()
Cal cRecor dLengt h
End Sub

Private Sub cboTi nerlnterval _dick()

Cal cRecor dLengt h
End Sub

122 Oscilloscope Analysis and Connectivity Made Easy



Using VB Instead of VBA

Private Sub cboTi nerlnterval _KeyPress(KeyAscii As |nteger)
| f KeyAscii = 13 Then Cal cRecordLength
End Sub

Private Sub cboTi nerlnterval _Lost Focus()
Cal cRecor dLengt h
End Sub

» Instead of using a spreadsheet to store the measurement data
point results, this version uses alist box named IstResults to
display the datain the form itself:

Private Sub ti mVEAS Ti mer ()
Dimr

If NotifyCount >= StopTi ner Count Then
ti MVEAS. Enabl ed = Fal se
Dr awChar t

Exit Sub
End | f

Tvcl. WiteString strlD

r = Tvcl. ReadString

r = Format (r, "#. #HHHHH")

I f chkShowDat a. Val ue = 1 Then
| st Resul ts. Addltem r

End |f

arr(NotifyCount, 0) =r

Noti fyCount = NotifyCount + 1

Call DrawChart
DoEvent s

End Sub

e TheClear button is used to clear thislist (as well asthe
related chart):

Private Sub cndC ear _Cick()
Call cnmdStop_Cick
| st Resul ts. d ear
ReDi m arr (0, 0)
arr(0, 0) =0
Dr awChar t
End Sub

e Theform also contains an M SChart control (included with
Visua Basic) for charting captured measurements:

Private Sub Form Load()
Dimi As Long

Di m axi sI D As Vt ChAxi sld
ti mMVEAS. Enabl ed = Fal se

axi sl D = Vt ChAxi sl dX
Wth TVCChart
.chart Type = Vt ChChart Type2dLi ne
. Pl ot. Axi s(axi sl D). Axi sScal e. Type
. Pl ot. Axi s(axi sl D). Axi sScal e. Hi de

Wt ChScal eTypeLi near
True
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. Pl ot. Axi s(axi sl D). Axi sG'i d. Maj or Pen. Styl e =
Vt PenSt yl eNul |
. Pl ot. Axi s(axi sl D). Axi sGid. M nor Pen. Style =
Vt PenSt yl eNul |
End Wth

Private Sub DrawChart ()

TVCChart . Repai nt = Fal se
TVCChart. ChartData = arr
TVCChart. Repai nt = True

End Sub

» Thischart control requiresrelated code to handle a
2-dimensional array:

Option Explicit
Dimarr() ' array for hol di ng neasurenent values that are
charted, chart requires a two-di nensional array
Dim Noti fyCount As Long ' counter variable for tracking
' measurenents

Private Sub cndMeasure_d i ck()
Di m arrnum As Long
I f StopTinerCount = 0 Then
MsgBox " Pl ease reenter interval and duration data",
vbOKOnl y, "TekVI SA Denp"
Exit Sub
End |f
Noti fyCount = O
arrnum = St opTi mer Count

ReDi m arr (arrnum 0)

strl D = "MEASUREMENT: | MVED: TYPE " & cboMeasurenent. Text &
"; VAL?; : HEADER COFF"

ti mMVEAS. Enabl ed = True

End Sub

Chapter 6 Review
To review what you learned in Chapter 6:

e You can use the Chart Measurement program designed in
this chapter to capture measurements at a desired frequency
and plot those results in an Excel chart or on the form itself
(in the case of the VB version).

e You can make other VB programs available to your program

by adding them as Additional Controls or References from
the VBA Tools menu.
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e Youcan

« make frames within aform visible or invisible
depending on code logic

e closeaform by unloading it when the user clicks a
Close button

+ alow usersto choose items from label controls
associated with spin buttons

In Chapter 7, you will find out how to build a program that logs on a
triggered program event.
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Chapter 7:
A Triggered Waveform Capture Example

Using VB to write a program that gets waveforms
and measurements on a triggered event

Introduction

The extended example presented in this chapter shows how to capture
waveform and measurement data from oscill oscopes when atrigger is
defined and then executed. It includes code for use with Tektronix TDS7000
and TDS/CSAB8000 and similar Windows-based oscilloscopes. In addition to
capturing data, the program shows how to display the data on a grid and save
it to afile on disk.

The exampleiswritten in Visual Basic 6.0 (included in Microsoft Visual
Studio) rather than Excel VBA, because VB can accommodate larger
waveforms and because VB programs run independently as separately
compiled executabl es rather than as interpreted add-ons to Excel. If you do
not have VB 6.0 but do have Excdl, refer to the source code for the
TriggerCapture button on the TekVISA Toolbar. That code presents many
features that are similar to those discussed here.

Getting Started

What You Need to Get Started

Y ou can work this example either on a separate PC or on your Windows-
based oscilloscope, using Visua Basic 6.0. To get started, you will need the
following:

e A Windows-based Tektronix oscilloscope (an external
monitor is recommended if you are working the example on
your oscilloscope)

e Visud Basic 6.0 installed on your oscilloscope or on an
external PC

e TheTekVISA connectivity software described in Chapter 1
(see page 323 for the location of the completed example)
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What You Will Do

In this chapter, you will review how to use Visual Basic 6.0 controls and
learn to build a program similar to the one that runs when you click the
TriggerCapture icon on the TekVISA Toolbar. This sample program
illustrates how to capture triggered waveform and measurement data at the
current oscilloscope settings, display it on agrid, and save it to afile.

Figure 35 shows the design-time interface that you will create. The user
interface consists of aVVB Form with four tabs. Depending on whether you
are connecting to a TDS/CSAB8000 or to a TDS7000 Series oscilloscope or
similar model, either the second or the third tab displays measurement data at
runtime.

The Settings tab allows the user to specify the VISA device
to connect to, indicate channel sources for waveform
captures, set display and save options, and specify whether
measurement data should be included (see Figure 37)

If the user elects to capture measurement data, a
Measurement tab appears so the user can select
measurement(s) to be captured. Either the second or the third
tab displays measurement data at runtime, depending on the
oscilloscope type. For most TDS Series real-time
oscilloscopes, alist of measurements appears (see Figure
38). For TDS/CSA8000 sampling oscilloscopes, alist of
eight possible measurements appears (see Figure 39).

If the user choosesto display data, processing results appear
on the Data tab (see Figure 40).
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Figure 35: The form you will design for the Triggered Waveform Capture example

This Form allows users to:

view all connected local and remote TekVISA resource
devices and assign one to be used for the triggered capture

view active channels on the assigned device (and their
different timebases on TDS/CSA8000 sampling
oscilloscopes) and select one or more of them to be used for
waveform captures

identify the measurement channel for collecting
measurements on TDS7000 real-time oscilloscopes

display active measurement types and active
measurements for TDS/CSA8000 sampling oscilloscopes
and select one or more of them to be used for measurement
capture

view the captured results on arow/column grid
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Figure 36 showsthe first tab of the Form at runtime after fields have been
populated with results from a TDS/CSA8000 Series oscill oscope.
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Figure 36: The Triggered Waveform Capture form at runtime

See page 158 for more about running this program.

What You Will Learn

The purpose of this chapter isto illustrate some basic operations of the
TekVISA ActiveX Control with respect to triggered events. Once you have
gone through this chapter, you will know how to:

* addthe TekVISA ActiveX Control to the list of available
ActiveX controlsin Visua Basic 6.0, and use some of its
properties and methods

e design and create aFormin Visua Basic 6.0 by dragging
and dropping controls

« modify controls on the Form by changing propertiesin the
Properties window

e understand the workings of the Triggered Waveform Capture

program, so you can modify it if needed or useit asa
template for other programs

The Triggered Waveform Capture Example in VB

Building the Form
This chapter focuses primarily on the VB code and assumes you are already
familiar with visual editing tools for constructing dialog interfaces.

Table 5 shows some useful icons on VB’ s Standard Tool bar.
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Table 14: Useful icons on the VB Standard Toolbar

Icon Name Select from

Insert Form Standard Toolbar

Object Browser Standard Toolbar

Project Explorer  Standard Toolbar

Icon

o

%’

&

Properties Standard Toolbar
Es

Toolbox Standard Toolbar

To begin building the Form:

1

Open anew Standard EXE project in Visual Basic 6.0.

The Microsoft Visua Basic screen appears with the Project Explorer
window, the Properties window, and space for the Code window or
Object Browser to display. You will also see ablank form.

If you do not see the Project Explorer or Properties window,
display them by selecting icons from the Standard T ool bar
(see Table 5).

If you do not see ablank form, insert one by clicking the
Insert Form icon on the VB Standard Toolbar.

Click Save Project As and save theform asfrmTC.frm and
the project asp_Trig.vbp.

Rename the Form Triggered Waveform Capture.

If necessary, add the TekVISA ActiveX Control to the
Toolbox. To do this:

a. Select Project > Components...
The Components dialog box appears.

b. Placeav inthebox next to TekVISA Control and click
OK.
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The TekVISA Control icon is added to the Tool box.
Drag the TekVISA Control icon from the Toolbox onto the

Form, where it appears as anicon at design time, but is
invisible at runtime.

VISA |

By adding this Control to the Form, you have made all its methods
and properties available to be caled by your code.

In addition to the TekVISA Control, this example employs severa
Visua Basic custom controls:

» the Microsoft Tabbed Dialog control
» the Microsoft Common Dialog control
* the MSFlexGrid

* theTreeView control included in the Microsoft
Windows Common Controls

All of these custom controls are included with Visual Basic 6.0 and
need to be checked as well.

Repest steps 6 and 7 for al of the Visual Basic custom
controls that will be used in this example.
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Table 6 showsicons on the Toolbox for VB controls that are relevant to this
example.

Table 15: Icons for VB controls used in this example

Icon Icon Name Select from
v Checkbox Toolbox
=R  Combobox Toolbox
— CommandButton ~ Toolbox
CommonDialog Toolbox
D Frame Toolbox

A Label Toolbox
=B Listbox Toolbox
MSFlexGrid Toolbox

[ SSTab Toolbox
= TekVISA Toolbox
= TreeView Toolbox

The Settings Tab

Add controls to design the Settings tab of the form, making sure that each
control is placed as shown in Figure 37.

Note: It is not necessary to drag the controls onto the form in the
exact order shown; however, doing so will help you verify that you
have changed all the properties correctly.
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Figure 37: The Settings tab at design time

Table 16 summarizes all the changes to make in the Properties window to
convert the Settings tab to its final appearance.

Note: When working with the SSTabTVC tab, click theicon, draw a
box the size of the set of tabs you want, then adjust the Tabs and
TabsPerRow propertiesto create 4 tabs. For each tab, the Caption
and Tab properties vary. For example, Tab 0 is the Settings tab.
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Note: When working with the properties of the IbIRS label

Amodses o =
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the drop-down arrow ( l[) for the BackColor property will not be
visible until you click inside that row.
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Changes to names are underlined in the table, to help distinguish them from
captions. A control’s name corresponds to its subroutine name or variable
name in the code. A control’ s caption appears on the Form and affects how
the form looks, but has nothing to do with the code.

Table 16: Changes to make in the Properties window to the Settings tab

Control Property Change to

Triggered Waveform Capture form

Form (Name) frmTC
Caption Triggered Waveform
Capture
tvc (TekVISA) (Name) Tvcl (no change needed)
CommonDialog (Name) digTVvC
Label Caption Record Size:
(Name) IbIRS
Label Caption (no Caption)
BackColor Button Light Shadow
BorderStyle Fixed Single
CommandButton (Name) cmdOK
Caption oK
CommandButton (Name) cmdCancel
Caption Cancel
CommandButton (Name) cmdClose
Caption Close
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Control Property Change to
Settings Tab (First Tab)
SSTab (Name) SSTabTVC
Caption Settings
Tabs 4
TabsPerRow 4
Checkbox (Name) chkWFM
Caption Waveform Data
Value 1 (checked)
Checkbox (Name) chkM
Caption Measurement Data
Checkbox (Name) chkSave
Caption Save to File
Checkbox (Name) chkDisplay
Caption Display in Grid
Devices Frame (Top Left)
Frame (Name) fraDevice
Caption Devices
CommandButton (Name) cmdRefreshDevices
Caption Refresh Devices
CommandButton (Name) cmdAssignDevices
Caption Assign Device
Listbox (Name) IstDevices

Captures Frame

Frame Caption Captures

Label Caption # of Captures

Combobox (Name) cboNumCaptures

Channel Selection Frame
Frame Caption Channel Selection
Label Caption Select from active
channels

TreeView (Name) TV1

CommandButton (Name) cmdRefreshChannels
Caption Refresh Channels
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Control Property Change to
Label Caption Selected Channels
Listbox (Name) IstCH
CommandButton (Name) cmdClearCH
Caption Clear
The Measurements Tabs

Depending on whether you are connecting to a TDS7000 Series oscilloscope
or similar real-time model, or to a TDS/CSA 8000 sampling oscilloscope,
either the second or the third tab displays measurement data at runtime.
Therefore, two tabs must be created at design time to account for these
differences.

Add controls to design the TDS7000 Series Measurements tab of the form,
making sure that each control is placed as shown in Figure 38.
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Figure 38: The TDS7000 Series Measurements tab at design time

Table 17 summarizes al the changes to make in the Properties window to
convert the TDS7000 Series Measurements tab to its final appearance.
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Table 17: Changes to make in the Properties window to the TDS7000 Series
Measurements tab

Control Property Change to

Measurements Tab (Second Tab - 7000 Version)

SSTab Caption Measurements

Label Caption Select Measurements
Listbox1 (Name) IstMeas

Label Caption 7000

Add controls to design the TDS8000Series Measurements tab of the form,
making sure that each control is placed as shown in Figure 39.
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Figure 39: The TDS8000 Series Measurements tab at design time

Table 18 summarizes al the changes to make in the Properties window to
convert the TDS8000 Series Measurements tab to its final appearance.
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Table 18: Changes to make in the Properties window to the TDS8000 Series

Measurements tab

Control Property

Change to

Measurements Tab (Third Tab - 8000 Version)

SSTab Caption
Label Caption
Label Caption
Checkbox (Name)
Caption
Label Caption
Caption
BackColor
BorderStyle

CommandButton (Name)

Caption

The Data Tab

Measurements
Select

TYPE: WFM SOURCE:
DISPLAY STATE

chkMeas(0)

Measure 1
IbIMDesc(0)

(no Caption)

Button Light Shadow
Fixed Single
cmdShowMeas

Refresh Setup Info

The Data tab holds an MSFlexGrid control. Add controlsto design thistab of
the form, making sure that each control is placed as shown in Figure 40.
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Figure 40: The Data tab at design time

Table 19 summarizes al the changes to make in the Properties window to
convert the Datatab to its final appearance.

Table 19: Changes to make in the Properties window to the Data tab

Control Property Change to
Data Tab (Third Tab)

SSTab Caption Data

MSFlexGrid (Name) grdData
FixedCols 0
FixedRows 1
Rows 2

Label (Name) IblStatus
Caption (no Caption)
BackColor Button Face

BorderStyle Fixed Single
CommandButton (Name) cmdClear

Caption Clear Grid
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Getting Help
Y ou can find out more about using various controls by taking alook at the
Help facility. For example, to find out more about the Label control:

1. From the Microsoft Visual Basic menu bar, select Help >
Contents... > MSDN Library > Visual Studio 6.0
Documentation > Visual Basic Documentation > Reference
> Language Reference > Objects > L > Label Control.

2. Other approaches might be to:

» sdlect Help > Index... and scroll down
aphabetically to find Label Control

» select Help > Search... and type Label Control as
the words to search for

Using the Object Browser (F2)

In addition to using online help, you can use the Object Browser to learn
more about the classes and members of Visual Basic's core and custom
components.

By pressing F2 or clicking the Object Browser icon on the Standard T ool bar,
you can browse to find out which methods, properties, and events to use with
object components, so you can make the correct calls and references in your
code.

For example, to find out more about the TekVISA TVC control:
1. PressF2to bring up the Object Browser.
2. Select <All Libraries> from the upper drop-down list.

3. Typetvc inthe lower drop-down list asthe object to search
for.

4. PressEnter.

Y ou will see the screen shown in Figure 41. Y ou can then click
various library entriesin the Search Results to see how the TVC
control relates to other components of the project.
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Figure 41 Using the Object Browser with Visual Basic 6.0

From the Object Browser, you can immediately jump to a context-
sensitive online help topic by pressing the F1 function key (or right-
click and select Help).

The VB Intellisense Feature

Asyou type the code, you will notice some helpful features. For example,
when you type a period after a COM object such asthe TekVISA ActiveX
Control, VB'’s Intellisense feature opens a list that prompts you with choices.
Vaid properties, methods, and events exposed by the COM object as public
are preceded by a greenicon, like the top choice in the following list:
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Similarly, after you type an opening parenthesis, the Intellisense feature
prompts you with the syntax for arguments, and displays valid choices:

bl .=k Eneefacm)|
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Reviewing the Code

This example permits the user to specify which measurements to capture and
which channel waveforms to capture when atrigger event occurs. It al'so
allows the user to display the captured datain agrid.

Triggered datais typicaly captured by the TekVISA Control’s
ServiceRequest event. First the oscilloscope’ s status and event registers are
cleared, then event and status bits are set to await atriggered event. Once a
trigger occurs, the register bits are changed and a ServiceRequest event is
raised in the TekVISA Control. This coding exampleillustrates the use of
TekVISA ActiveX Control calls and GPIB command stringsto set up and
capture these events.

Note: Because of the length of this exercise, step-by-step instructions
for entering code and detailed line-by-line explanations are not given
here. Instead, this chapter summarizes routines in tables and focuses
on core routines for controlling the oscilloscope. All source code, of
course, isincluded on the companion CD that accompanies this
book.

Code Organization
The code is contained in two modules:

« aform module
+ astandard code module

The form module is named frmTC.frm and the code module is named
modTrig.bas. Mostly by acting on events, the code on the form describes
what should happen when the form isinitialized and when the user clicks
each button on the form.

Most code is held in the code module. Code on the form handles ssmple user
events and calls procedures held in the code module.

Figure 42 shows the two modules in separate Code Windows in VB.

Oscilloscope Analysis and Connectivity Made Easy 143



The Triggered Waveform Capture Example in VB

& P Tog - Hicocoll Viowal Bazic |decsgn|

B fde e Bromct Fgmet Cebug e Query Dpgen [ok ddim mindow teo

([B-a-"EE "B - -y« MPSERID

| v ¢ u B0 OO R |

HaETH
M n Tg - TG [Cada) 1 =
—I chkh = |i.'.l|:Ii _ﬂ
* E - j
- kT n
|| emdnssigniesices
crmdiC el
o o i e
cmdClnarCH
E Ea L IR
2l cmildk
au g iUl e e
emidfedreahillesges -
G = tiwats Juo chEN CIIEEL]
- Call CheckTabVisibility |frwTC .. ohkl, LreTo.saTabTVC]
om ! S .
& - A L1
p_Tikg - mod Ty (Code] L= 0] =]
n E ||:{|¢”r.|j'| --i |.E-:‘H’ﬂﬂl‘rll_l "'|
‘ re Jpriom Explicic 3
Fuklic Type Bessur=0ata ' T tar holding GPIT
E I bimpiayiers Ax SErissy ' displa’y nama in EFemle
. o =0FIB ko Sceing ! aeleornion Status
almit ka String
rr | r Ble=alsctiad A3 Haslemn
End Type
— E Fubklic aprHespidl To 210 Ap HEssur=[lista ATEAY of meEspuremsEnts
]
E I’ Public Conac AppMame = "Caprure on Trigger Demo® CopsnAant DOE ume in J
N m Fublic nicope=Type Ap Int=ger inceger warishi= for
Fublie SZcapalype A3 SEEing FEEInG variable for -
o P »f
Figure 42: The form module and code module in separate Code Windows of VB
The flow diagram in Figure 43 shows how key modulesin the program
interact with one another and the oscilloscope. TekVISA ActiveX Control
methods and events appear shaded in the diagram.
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Figure 43: Triggered Waveform Capture example flow diagram

Initialization Routines

These preliminary routines load the form, initialize the combo box for
number of captures and the list box for TDS7000 measurements, and format
the tree view control for selecting channel(s). Table 20 summarizes

Initialization routines.

Table 20: List of Initialization routines

Main()

This starting routine loads the form and calls
PopulateNumCaptures to populate the number of
captures choices.

PopulateNumCaptures (c As
ComboBox)

Populates the number of captures choices in the
combo box.

Form_Load()

Executes when the Triggered Waveforms Capture form
is initially loaded. Calls FormatTV and
PopulateMeasArray routines to initialize the tree view
and list box.

Oscilloscope Analysis and Connectivity Made Easy
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FormatTV (tv as TreeView) Formats the tree view control.

PopulateMeasArray() » Initializes array values for display name and GPIB
commands (see MeasureData data type)

=  Populates the array for actual GPIB measurement
commands.

= Populates the array for units (V-volts;S-
seconds;VS-voltseconds;P-percentage; HZ hertz)

= Populates the IstMeas list box

Type MeasureData Data type for holding GPIB measurements on the 7000
sDisplayName As String = display name in frmTc.IstMeas
sGPIB As String =  GPIB command
sUnit As String = measurement unit
bInSelected As Boolean = selection status
End Type

List Devices And Display Channels Routines

Before atriggered event can be captured, the user must specify a device. The
interface provides three buttons on the Settings tab (the first tab) for working
with devices and their active channels; cmdRefreshDevices,
cmdAssignDevices, and cmdRefreshChannels. In addition, the user can
choose one or more active channels from the tree view control, and select the
number of captures from the combo box.

* ThecmdRefreshDevices_Click event routine calls the
GetDevices routine, which queries the FindList property of
the TekVISA control and lists connected devices. These
could be lacal devices or remote systems. The results are
displayed in the IstDevices list box.

e ThecmdAssignDevices_Click event routine makes the
currently selected device the active choice and displays al
associated active channelsin the TV1 tree view.

*  ThecmdRefresh Channels_Click event routine:

e Cadllsthe DisplayChannels procedure; checksto see
if thisisa TDS/CSA8000 Series oscilloscope; if so,
calls the DisplayChannels8000 routine

» Usesthetree view control to display hierarchical
data. A tree view control is comprised of nodes.
Nodes can have parent, child, and sibling
relationships with other nodes. In the case of the
TDS7000, the control channel isindicated by a child
node. In the case of the TDS/CSA8000, timebases
(Main, Magl, Mag2) can be displayed for each
channdl.
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* The TV1 NodeClick event executes when the user chooses
channel(s) to capture from the TV1 tree view. It places
chosen channel(s) in the IstCH list box.

* The cboNumCaptures_Click event executes when the user
chooses the number of capturesto perform from the
cboNumCaptures combo box.

Table 21 summarizes the routinesinvolved in listing devices, displaying
channds, and selecting the number of captures.

Table 21: Routines involved in listing devices and displaying channels

cmdRefreshDevices_Click()

Executes when the Refresh Devices button is
clicked on the Settings tab. Calls the GetDevices
routine.

Get Devices (t As
TVCLib.Tvc, Ist As ListBox

Queries the FindList property of the TVC control and
lists connected devices. These could be local or remote
devices.

cmdAssignDevices_Click()

Executes when the Assign Device button is clicked
on the Settings tab. Calls GetScopeType and
DisplayChannels routines.

cmdRefreshChannels_Click()

Executes when the Refresh Channels button is
clicked on the Settings tab. Calls the DisplayChannels
routine.

TV1_NodeClick (ByVal Node
As MSComctlLib.Node)

Executes when a tree view node is selected on the
Settings tab. Chooses channels for capture and places
chosen channels in the IstCH list box.

DisplayChannels (tv As
TreeView)

Detects which channels are open and which channel is
the active measurement channel. The SELECT? GPIB
command on 7000 Series oscilloscopes returns a
semicolon-separated string with 13 values: 4 channel,
4 math, 4 reference and 1 indicating the measurement
channel at the end of the string. If the channel is active,
anumeral "1" is returned. If it is inactive a numeral "0"
is returned. This routine parses the
semicolon-separated string and uses the values to
build nodes that populate the tree view control. It also
displays the waveform record length in the label
caption at the bottom left part of the Settings tab.

A separate routine is called for TDS/CSA8000 Series
oscilloscopes.

Oscilloscope Analysis and Connectivity Made Easy
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DisplayChannels8000 (tv As | Very similar to the DisplayChannels routine except it
TreeView) also tests for MAG1 and MAG2 timebase views in

TDS/CSAB8000 Series oscilloscopes; these are added
as child nodes to the active channels.

cmdClearCH_Click() Executes when the Clear button is clicked on the

Settings tab. Clears the IStCH list box.

cboNumCaptures_Click() Executes when the # of Captures combo hox is

selected on the Settings tab. Stores the number of
captures to perform.

List Measurements Routines
If the chkM check box on the Settings tab is selected, one of two
measurement tabs is chosen:

148

The second tab lists possible measurements for the
TDS7000 and similar scopes. Information about these
measurementsiaheld in an array of a user-defined type
called MeasureData, which holds

» the DisplayName of the meaurement

e itsGPIB command equivalent

e itsunit value (such as seconds, volts, or percent)
* whether it is selected

The routine to populate this array and the list box is
PopulateMeasArray, which is called when the form is loaded (see
Table 20).

Thethird tab holds measurements for TDS/CSA 8000
scopes. Eight measurements are possible. These are set up by
the user on the oscilloscope. Unlike the TDS7000 and
similar models, each timebase (Main, Magl, Mag2) for each
of eight channels can be identified as the source channel for
measurement. In addition, 8 math measurements are
possible. This means 32 sources are possible (3 timebases on
8 channels plus 8 math channels).

Information about these measurements appears in the chkMeas
control array held by the third tab of the SStab control. Thistabis
initially populated with the beginning array elements (a single check
box and asingle label) just for positioning purposes. When the code
queries the oscilloscope at runtime for the active measurements that
have been set up, the code finishes populating the array on the form.
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The Refresh8000Meas routine chooses which of two routines to call
by reading the upperbound of the chkMeas control array: It either
calls the Build8000Controls routine to load the controls, or the
cmdshowMeas_Click event (for the command button labeled Refresh
Setup Info) to query the TDS/CSAB8000 oscilloscope for information
on which of the 8 possi ble measurements are set up.

Table 22 summarizes the routines involved in listing the measurements to

capture.

Table 22: Routines involved in listing measurements to capture

chkM_Click() Executes when the Measurement Data check box
is selected on the Settings tab.
Refresh8000Meas() Loads the display on the 8000 measurement tab or

requeries setup measurements on the oscilloscope.

Build8000Controls()

Loads a control array for use with 8000 scopes

cmdShowMeas_Click()

Executes when the Refresh Setup Info button is
clicked on the Measurements tab (8000 version).

Wait for Trigger Routine

After all selections have been made on the Settings tab and Measurements
tab, the user clicks the OK button. The cmdOK_Click routine clears status and
event registers and, depending on the oscilloscope type, calls one of two
routines: GetAcquisition or GetAcquisition8000.

Here are extracts from the relevant code:

Private Sub cmdOK_d i ck()

Dimi As Integer

Sel ect Case nScopeType

Case |Is < 8000

I f bl nMEAS Then

: (code om tted)

.Next
End | f

I f bl nSaveToFi |l e Then

: (code omitted)

End I f

ntracker = 0

tvcRef . WiteString "DESE 0; *ESE 0; *SRE 0; *CLS"

Cal | GetAcquisition

1 f bl nShowl nGid Then

: (code omitted)

End | f
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Case |Is >= 8000
I f bl nSaveToFi |l e Then

: (code omitted)

End |f

ntracker = 0

tvcRef . WiteString "DESE 0; *ESE 0; *SRE 0; *CLS"
Cal | Get Acqui sition8000

If bl nShow nGid Then

: (code om tted)

End | f
Cal | SRQHandl er 8000
End Sel ect
End Sub

In this routine;

» Different blocks of code execute depending on whether the
user chooses to

e capture measurement data (bInMEAS = TRUE)

* havethe captured data displayed (bInShowInGrid =
TRUE)

* have the data saved to disk (bInSaveToFile = TRUE)

e Thefour native GPIB commands (DESE, *ESE, *SRE, and
*CLS) disable Service Requests to avoid getting irrelevant
ones. The *CLS command clears the event registers.

»  Depending on the type of oscilloscope, this routine calls
either GetAcquisition or GetAcquisition8000 (See page 151).

« If the oscilloscopeis a TDS/CSA8000, this routine then calls
the SRQHandler8000 routine directly, rather than waiting for
an oscilloscope trigger to fire the ServiceRequest event
handler.

Y ou can use this method of simulating atrigger event to test your
code, then move the SRQHandler8000 call to the ServiceRequest
handler when working with live data.

Table 23 summarizes the routines involved when the OK button and other
dialog box buttons are clicked.
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Table 23: Routines involving dialog box buttons

cmdOK_Click() Executes when the OK button is clicked on the
Triggered Waveform Capture form. Checks the
oscilloscope type.

= [fitis a 7000 or similar model, reinitializes the
selection status of entries in the listMeas list box,
clears event registers to await a trigger event, and
calls the GetAcquisition routine.

= [fitis an 8000, clears event registers to await a
trigger event and calls the GetAcquisition8000
routine.

Based on items checked, other fields are reinitialized
as well.

cmdCancel_Click() Executes when the Cancel button is clicked on the
Triggered Waveform Capture form. Cancels the
acquisition or other activity in progress.

cmdClose_Click() Executes when the Close button is clicked on the
Triggered Waveform Capture form. Closes the dialog
box.
Set Registers Routines

The two routines that set up registersto await atrigger event are the
GetAcquisition routine and the GetAcquisition8000 routine.

After setting up registers, they await atrigger event. When an oscill oscope
trigger fires a ServiceRequest event in the TekVISA contral, the
ServiceRequest event handler calls one of two event handling routines:
SRQHandler or SRQHandler8000.

Hereis the GetAcquisition code:

Sub Get Acqui sition()

"This code sets the registers in preparation for a trigger which
activates a ServiceRequest event in the TVC control. See the GPIB
programmer’s guide for the TDS series scopes.

Di m sCHConmands As String

sCHCommands = "DESE 1; *ESE 1; *SRE 32"
If tvcRef |Is Nothing Then Set tvcRef = frnTC. Tvcl

Wth tvcRef
.WiteString "TRI GGER A: MODE NORMAL"
.WiteString "ACQU RE: STATE OFF"
.WiteString "ACQU RE: STOPAFTER SEQUENCE"
.WiteString sCHConmands
.WiteString "*CLS"
.WiteString "ACQU RE: STATE RUN'
.WiteString "*OPC'

End Wth

End Sub
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The native GPIB commands in this routine do the following:

The TRIGGER:A:MODE NORMAL command sets the trigger
mode to normal rather than forcing atrigger.

The ACQUIRE:STATE OFF command stops acquisitions and
is equivalent to pressing the front-panel STOP button.

The ACQUIRE:STOPAFTER SEQUENCE command tells
the oscilloscope to stop acquisition after acquiring asingle
sequence.

The DESE (Device Event Status Enable) and *ESE (Event
Status Enable) commands set registers to await an Operation
Complete (OPC) event (bit 1) in the event queue. Thisevent
is summarized in the Event Status Bit (ESB) of the Status
Byte Register.

Note: Setting the DESE register and the ESE register to the same
values alows only those codes to be entered into the event queue
and summarized on the ESB bit (bit 5) of the Status Byte
Register. (See the on-line help for your oscilloscope for afull
description of registers.)

The *SRE (Service Reguest Enable) command sets the Event
Status Bit (bit 5) to await a Service Request (SRQ).

The*CLS command clears the event registers.

The ACQUIRE:STATE RUN command starts acquisitions
and is equivalent to pressing the front-panel RUN button,
unless the STOPAFTER modeis set to SEQUENCE, in
which case this command is equivalent to pressing the front-
panel SINGLE button.

The*OPC command generates the Operation Complete
message in the Standard Event Status Register (SESR) and
generates a Service Request (SRQ) when all pending
operations complete. This allows you to synchronize
operation of the oscilloscope with your application program.

The TDS/CSA8000 Seriesis a sampling oscilloscope and uses slightly
different native GPIB codes. For the 8000 Series, The STOPAFTER GPIB
command set requires more definition. Y ou must specify the stopafter mode,
the stopafter condition, and the sample count before a stopafter condition is
met, as shown in the following code:

Sub Get Acqui si ti on8000()

Di m sCHCommands As String
Di m nCH As | nteger
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sCHCommands = "DESE 1; *ESE 1; *SRE 32"
If tvcRef |Is Nothing Then Set tvcRef = frnTC Tvcl

Wth tvcRef

.WiteString "ACQU RE: STATE OFF"

.WiteString "ACQU RE: STOPAFTER: CONDI TI ON ACQAFS"
.WiteString "ACQU RE: STOPAFTER: COUNT 20"
.WiteString "ACQU RE: STOPAFTER: MODE CONDI TI ON'
.WiteString "ACQU RE: DATA CLEAR'

.WiteString sCHConmands

.WiteString "*CLS"

.WiteString "ACQU RE: STATE RUN'

.WiteString "*OPC'
End Wth

End Sub

Table 24 summarizes the routines involved in setting registers.

Table 24: Routines involved in setting registers

GetAcquisition ()

Sets the 7000 oscilloscope registers in preparation for
a trigger, which activates a ServiceRequest event in
the TVC control. See the GPIB programmer’s guide for
TDS7000 Series oscilloscopes and similar models.

ParseQueryResults (s1 As
String, QType As String) As
String

Reads different acquisition parameter data from the
TDS7000 oscilloscope, including the trigger source
channel. The return value indicates PULSE, EDGE, or
LOGIC. Although this is not used in this example, it is
included as sample code for applications that wish to
control trigger parameters more closely.

GetAcquisition8000()

Sets the TDS/CSA8000 oscilloscope registers in
preparation for a trigger, which activates a
ServiceRequest event in the TVC control. See the
GPIB programmer’s guide for TDS/CSA8000
oscilloscopes.

Trigger Event Handling Routines

The SRQHandler and SRQHandler8000 event handlers are triggered by the
event being raised by the TV C control after it recognizes atrigger from the
oscilloscope. These handlers must contend with four major options. Did the

user choose to:

e capture waveform data?

e capture measurement data?

» havethe captured data displayed?

* havethe data saved to disk?
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These choices are not mutually exclusive; any or al are possible. These four
choices are held in global Boolean variables declared in the code module:

Publ i ¢ bl nWFM As Bool ean

Publ i ¢ bl nMEAS As Bool ean

Publ i ¢ bl nShowl nGi d As Bool ean
Publ i ¢ bl nSaveToFi | e As Bool ean

The two event handler routines test whether measurement and waveform data
are requested. Within these two major tests, other tests are made to find out
whether to display captured datain the grid and/or store the data to disk.

Note: The user sets up the acquisition mode on the oscilloscope. The
GetWaveform or GetWaveform8K method of the TekVISA control
sets the data format to the fastest format (BINARY), and also issues
HEADER OFF commands as needed, so only the argument itself is
returned on query responses.

Here are extracts from the relevant code in SRQHANDLER:

Publ i c Sub SRQHandl er ()
' (code omitted)

’ stop other service requests
tvcRef . WiteString "DESE 0; *ESE 0; *SRE 0; *CLS"

(code om tted)
| f .bl nMEAS Then ' build measurenent data first

“call routine which builds the GPI B command for
‘retrieving nmeasurenents

Call Buil dCMDStri ng

tvcRef . WiteString strCVD

sRet = tvcRef.ReadString

I f bl nSaveToFile And sFileName = "" Then
(code onitted)

.If bl nShow nG i d Then * user wi shes to display
neasurenent data in grid

(code om tted)

frmrC. | bI.St atus = "Acquiring data..."
frmlC. Refresh
DoEvent s

I f bl nWFM Then ' get waveform data
' (code om tted)

'get the waveformfor the first channel

Call tvcRef. Get\Waveform(nCH, wfm xinc, trigpos, vUnits,
hUni t s)

’ get the record length

reclength = 0

sQy = "HORI ZONTAL: RECORDLENGTH?"

tvcRef . WiteString sQy

reclength = CLng(tvcRef. ReadString)

(code omitted)
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If bl nShow nGi d Then
: (code om tted)

frmfC. | bl Status = ""

frmrC. Ref resh

DoEvent s

ntracker = ntracker + 1

" reset the registers for another trigger
Cal | Get Acquisition

: (code omitted)

End Sub
Note that:

e Thehandler routine first disables service requests on the
oscilloscope.

e If the user chooses to retrieve measurement data, a GPIB
query command is built, sent to the oscill oscope using the
TekVISA WriteString method, and the responseis read using
the TekVISA ReadString method.

*  Depending on user selections, the responseis displayed
and/or saved to disk. Y ou can examine the relevant code by
opening the program included on the companion disk.

» If the user chooses to retrieve waveform data, the handler
employs the TekVISAGetWaveform method and sends a
HORIZONTAL:RECORDLENGTH? GPIB query to retrieve
waveform data and the information to display it properly.

The SRQHANDLERS000 routine is similar to the SRQHANDLER routine
with adlightly different TekVISA control call to get awaveform:

t vcRef . Get Wavef ormBK nCH, nTB, wfm xinc, xoffset, vUnits, hUnits

The GetWaveform8K method includes an extra parameter to identify the
channd timebase of the waveform you are interested in retrieving.

Table 25 summarizes the routines involved in handling trigger events.
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Table 25: Routines involved in handling trigger events

Tvcl_ServiceRequest()

Executes when a Service Request needs handling by
the oscilloscope. This is the trigger event handler. It
calls the SRQ Handler routines.

SRQHandler()

Handles a call from the TVC control's Service Request
event on 7000 and similar scopes. Captures and
displays waveforms from user-selected channels as
well as user-specified measurements from the active
measurement channel when a trigger occurs and
service request bits are changed in the oscilloscope.

SRQHandler8000()

Handles a call from the TVC control's Service Request
event on 8000 scopes. Captures and displays
waveforms from user-selected channels as well as
user-specified measurements from the active
measurement channel when a trigger occurs and
service request bits are changed in the oscilloscope.

Get Measurement and Waveform Data Routines

Most of these routines are called from the SRQHandler and
SRQHandler8000 routines to perform hel per tasks. Table 26 summarizes the
routines involved in getting measurement and waveform data.

Table 26: Routines involved in getting measurement and waveform data

chkWFM_Click()

Executes when the Waveform Data check box is
selected on the Settings tab. Sets a boolean value.

BuildCMDString()

Builds the command string for taking measurements
from the 7000 oscilloscope. Concatenates user choices
for measurements. Called by the SRQHandler routine.

GetChannelint (pass As
String) As Integer

Returns integer for the chosen channel for use in
TVC.GetWaveform method calls.

BuildCMDString8000()

Builds the measurement command string for the 8000
oscilloscope by going through the control array. Called
by the SRQHandler8000 routine.

GetChannellnt8K (s1 As
String) As Integer

Returns integer for the chosen channel for use in
TVC.GetWaveform8000 method calls.

GetTimeBaselnt (s1 As
String) As Integer

Returns an integer value for timebase, which is
required on the 8000 scopes.
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The Data tab holds an MSFlexGrid control for displaying processing results.
Table 27 summarizes the routinesinvolved in displaying results on this grid.

Table 27: Routines involved in displaying results in the grid

chkDisplay_Click()

Executes when the Display in Grid check box is
selected on the Settings tab. Sets a boolean value.

DisplayMeasData (sRet As
String, nRow As Long, nCol
As Long, binFirst As
Boolean, g As
MSFlexGridLib.MSFlexGrid)
As Integer

Displays 7000 measurement data in the grid on the
Data tab. Called from SRQHandler routine if the check
box was selected.

DisplayMeasData8000 (sRet
As String, nRow As Long,
nCol As Long, binFirst As
Boolean, g As
MSFlexGridLib.MSFlexGrid)
As Integer

Displays 8000 measurement data in the grid on the
Data tab. Called from SRQHandler8000 routine if the
check box was selected.

cmdClear_Click()

Executes when the Clear Grid button is clicked on
the Data tab.

Save Data to Disk Routines

These routines perform helper tasks associated with saving datain afile.
Table 28 summarizes the routines involved in saving data to disk.

Table 28: Routines involved in saving data to disk

chkSave_Click()

Executes when the Save in File check box is
selected on the Settings tab. Sets a boolean value.

HandleSaveDialog()

Uses the MS CommonDialog control to open a file
(using the timestamp as the default name) for saving
captured data to disk. Called from the SRQHandler and
SRQHandler8000 routine if the check box was
selected.

Note: For saving data directly to disk, you may use
the ReadToDisk method of the TekVISA ActiveX
control. See its use in Appendix C.

ConcatinBuffer (ByRef As
String)

Uses CopyMemory (Alias for RttMoveMemory) API call
to speed up string concatenation when building a string
to write to disk.
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Other General Purpose Routines

Table 29 summarizes other general purpose routines used in this example.

Table 29: General purpose routines

GetScopeType (t As
TVCLibTvc, sst As
TabDIg.SStab) As Boolean

Assigns values to the global variables specifying the
type of oscilloscope to which the application is currently
connected. Calls CheckTabVisibility routine to make
the appropriate Measurement tab visible.

CheckTabVisibility (chkM As
VB.CheckBox, ssTabTVC AS
TabDIg.SSTab)

Makes the appropriate tabs visible based on the
oscilloscope type.

RemovelLF (s1 As String) As
String

Removes the linefeed character from returned GPIB
commands.

GetEUnit (s1 as String, u As
String) As String

Returns a semicolon-separated string. The string to the
left of the semi colon represents the measurements
numeric value. The string to the right of the semicolon
represents the engineering unit.

Multiplies the numeric value by a factor of 1000
depending on the engineering unit detected (eg.
milliseconds (ms), microsoeconds (us),
nanoseconds(ns))

Running the Triggered Waveform Capture Example

To run the program:

1. Select File > Save to save the VBA program you just

created.

2. If you have the necessary hardware, follow the stepsin the
Oscilloscope Connectivity Made Easy book (and in
Appendix D on page 321 of this book) to connect the cable
and start the waveform generator. Y ou can adjust the
amplitude and frequency of the waveform generated by your
sound card by moving the slider bars on the Jitter
Adjustment tab of the waveform generator program.

Note: Even if you do not have a waveform source connected to
Channel 1 of your oscilloscope, you will still be able to pick up
enough noise to generate some data to seeif your program
works. After clicking OK in this example, select one of the
trigger setup options from the Trig menu of your TDS7000
Series oscilloscope, then select Force Trigger.

3. Select Run > Start or pressthe F5 function key to run the

program.
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The Triggered Waveform Capture dialog box appears, with alist of
devices available for connection displayed in the top left frame on
the Settings tab.

4. If necessary, click Refresh Devices.

5. Select adevice to connect to and click Assign Device. The
device can be:

a. GPIB8, which corresponds to the software virtual GPIB
connection inside your oscilloscope, between your
Windows-based VB program and the embedded
oscilloscope software.

b. Another GPIB device corresponding to aremote
oscilloscope networked to your system viathe VXI1-11
Server Control. If this server isloaded on the
oscilloscope, the following icon will appear in the
system tray in the lower right corner of the oscilloscope
screen (or external monitor).

End

6. Onyour oscilloscope interface, physicaly select one or
more source channels and arecord size for capturing
waveform data, and a measurement channel (control
channel) for capturing measurement data. Also select the
trigger type and any other relevant trigger settings.

7. If you are connected to a TDS/CSAB000 sampling
oscilloscope, select one or moretimebases (Main, Magl,
Mag?2) on your oscilloscope to make them active and
availablefor use.

8. If necessary click Refresh Channels to update the tree view
display.

9. Inthetreeview display, select the active channel(s) (and
timebase(s) if any) that you want to use for this capture.

10. Select the number of captures to perform or leave the default
asis.

11. Leave the checkmark beside Waveform Data and select the
check boxes beside Measurement Data and Save to File and
Display in Grid if you want al the options enabled;
otherwise, clear any that you do not want enabled.

Y ou have now made all necessary selections from the Settings tab.
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For example, suppose you are running VB on a TDS7000 with CH1,
CH2, and CH3 activated; CH1 selected as the measurement channe!;
and arecord size of 5000 selected on your oscilloscope. If you
choose GPIBS, select 1 asthe # of captures, select the check boxes
next to Measurement Data and Save to File, and select CH2 and CH3
for waveform captures, the example will look like this:
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Similarly, suppose you are running VB on a system attached to a
networked TDS/CSAB000 oscilloscope with all three times bases
(Main, Magnification1 and Magnification2) activated for CH1 and
CH2, and arecord size of 500 selected on your oscilloscope. If you
choose GPIB10, select 2 asthe # of captures, select the check boxes
next to Measurement Data and Display in Grid, and select Main on
CH1 and Mag1 on CH2 for waveform capture, the example will look
likethis:
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12. From the Measurements tab, select the measurements you
want to capture and display. (Hold down the Ctrl key while

clicking if you want to make multiple selections.)

For example, if you are running VB on a TDS7000 and and want to
capture and display the AMPLITUDE, AREA, CYCLE AREA, CYCLE

MEAN, CYCLE RMS, and FALL TIME of the signal on the

measurement channel, the example will look like this:
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If you are running VB on a system attached to a networked TDS8000

or CSAB000 instrument and want to capture and display the

MAXIMUM and FALL time on CH2 MAIN and CMEAN on CH1 MAIN,

the example will look like this:
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13. Click OK to start the triggered data capture.

14. If necessary, force the trigger (see page 158) or pressa
trigger button if the trigger type was glitch.

Y ou will see results similar to the following on the Data tab, with
each triggered capture (2 capturesin this
data values for each triggered waveform

measurements displayed for
case), followed by time and
capture:
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If an error occurs, choose select Help > Index... and typethe
keywords Debug Toolbar to find a quick summary of the debugging

features of VB available on the Debug Toolbar.

Using VBA Instead of VB

If you want to work this exercise using Excel VBA instead of Visua Basic
6.0, you will need to create a similar form using that tool instead of VB 6.0.
Refer to the discussion of the TriggerCapture button on the Excd TekVISA
Toolbar in Chapter 2 and see the corresponding Toolbar source code for an
example of how to use Excel controls to design atriggered data capture form.
That example uses a spreadsheet rather than a grid to store the waveform data

points and measurement data.

Note: Unlike VB 6.0 code, which can be compiled into a stand-alone
executable, VBA isinterpreted code that only runsinside Microsoft
Office applications. Restrictions on spreadsheet size and speed of
interpreted code will limit waveform data size and the execution

speed of your program.
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Chapter 7 Review

To review what you learned in Chapter 7:

Y ou can use Visual Basic 6.0, which is part of the Microsoft
Visua Studio, to design your own forms and build your own
functions.

Y ou can add the TekVISA Control to VB, and then drag it
onto your form just like any other ActiveX control.

The VB Help facility contains many useful examples, and
the Object Browser can help you understand the hierarchy of
objectsin the VB object model. The VB help system and the
Object Browser are closely interwoven.

The VB Intellisense feature prompts you with valid
arguments and other choices when you type codein the
Code window.

Y ou can use the Triggered Waveform Capture program
described in this chapter to capture waveform data and
measurement data, display it on agrid, and saveit to afile
on disk.
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Introduction

Chapter 8:
Live Updates to MATLAB using ICT

Introduction

In this chapter, you will learn how to control Tektronix Windows-based
oscilloscopes from an existing MATLAB program by using

« the MATLAB Instrument Control Toolbox
* theVISA standard

e native GPIB instrument control commands and queries

What You Need to Get Started
Y ou can work this example either on a separate PC or on your Windows-
based oscilloscope. To get started, you will need the following:

e A Windows-based Tektronix oscilloscope (an external
monitor is recommended if you are working the example on
your oscilloscope)

e TekVISA installed on the oscilloscope

* Reease12.1 of MATLAB (Version 6.1) and the Instrument
Control Toolbox (Version 1.1) installed on your oscilloscope
or on an external PC. (Thisrelease includesMATLAB ICT
support for Tektronix oscilloscopes)

If MATLAB is running on an external PC:
e TekVISA or another vendor’simplementation of
VISA must be installed on the same external PC as
MATLAB

e aGPIB interface card (ISA, PCI or USB) must be
installed on your oscilloscope

e TheWaveform Generator program from the companion CD
to this book (see page 323 for the locations of this program
and the compl eted exampl es)

e A signal generator cable
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What You Will Do

In this chapter, you will get an NRZ waveform directly from the oscilloscope
and useit in an existing MATLAB program. Unlike previous chapters, you
will not be using Visual Basic. Instead, you will use GPIB commands and
queries, the VISA standard, and the MATLAB Instrument Control Toolbox
functions to:

»  Obtain awaveform directly from your oscilloscope using
MATLAB’s VISA-GPIB interface

e Calculatejitter and plot it

What You Will Learn
Once you have gone through this chapter, you will know:

*  How touse MATLAB Instrument Control Toolbox functions
to connect to and control Tektronix Windows-based
oscilloscopes

* How to route native GPIB commands and queries through
MATLAB Instrument Control Toolbox functions

* How to access VISA abjects through MATLAB Instrument
Control Toolbox functions

* Themain Instrument Control Toolbox functions to use for
Tektronix oscilloscope data connectivity

The Instrument Control Toolbox

The Instrument Control Toolbox isacollection of MATLAB M-file
functions built on the MATLAB Technical Computing Environment. The
Instrument Control Toolbox includes adaptors for the GPIB interface
(IEEE-488) and the VISA standard. Using these adaptors, the toolbox
provides aframework from MATLAB for communicating with instruments
that support these standard interfaces, such as Tektronix Windows-based
oscilloscopes.

Table 37 in Appendix A summarizesthe MATLAB Instrument Control
Toolbox functions used in this chapter. To learn more about the full set of
MATLAB Instrument Control Toolbox functions, refer to the Instrument
Control Toolbox User’s Guide for Use with MATLAB, published by The
MathWorks, Inc. Their website is http://www.mathworks.com.

Note: To access help, type help instrument at the MATLAB
command line. To view help for any function or property, type
instrhelp name, substituting a name of an ICT function or property
for name.
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Configuring VISA Resources

Asdiscussed in Chapter 1, virtual GPIB is an internal software path on some
Tektronix oscill oscopes between Windows-based software such as
MATLAB and the oscilloscope software. The jitter2.m function used in this
example assigns the primary address of virtual GPIB (GPIB8) to the VISA-
GPIB object it creates. If you are running MATLAB on a connected PC
rather than on the oscilloscope itself, you will need to change the GPIB
descriptor and possibly the vendor code to something else.

To determine the correct primary address of the VISA-GPIB object to use,
run the VISA Configuration Utility shown in Figure 44.
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Figure 44: The VISA Configuration Utility

Communicating with VISA-GPIB Objects

Before looking at a more complicated example, here are the basic stepsfor
communicating with a VISA-GPIB object (MATLAB’s terminology for a
VISA resource) using the Instrument Control Toolbox:

Note: In code examplesin this chapter:
+ Native GPIB commands are shown in boldface.

e Instrument Control Toolbox (ICT) functions are shown in
boldfaceitalics.

1. Create aVISA-GPIB instrument object to virtual GPIB
(assuming you are running TekVISA on your oscilloscope):

g =visa('tek’,”’GPIB8::1::INSTR ) ;
2. Configure some property values:

% Make sure the size of the InputBuffer - in bytes - is

% sufficient.
set (g, ' | nput Buf fer Si ze’ , 2000000) ;
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3. Connect to the instrument:
fopen(g);
4. Write and read some data:

% | ssue a GPI B query

idn = query(g, ‘*IDN?")

% | ssue a GPl B command
fprintf(g, ‘DATA SOURCE chl’)

5. Disconnect and clean up:

fclose(qg);
del et e(Qg)

The usage of these Instrument Control Toolbox functions is explained more
fully later in this chapter.

Using the Instrument Control ASCIl Communication Tool
The Instrument Control Toolbox also has a special communication tool that
you can use to communicate with instruments. To use thistool:
1. Typeinstrcomm in the Command Window.
The following screen appears.

#} Instrument Control Configuration Tool M= E3

Select an instrument ohject to create

¢ serial port @ MISA-GPIB
¢ GPIB O WISANH
¢ WS4 -serial  WISA-GPIB-
= Hack | Mext = Help Cloze

2. Select VISA-GPIB and click Next.
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The following screen appears.

) Instrument Control Configuration Tool - Create a VISA-GPIE Object

3. Make the appropriate selections for your configuration and
click Next.

The following screen appears.

) Instrument Control Configuration Tool - Create a VISA-GPIE Object

4. Select the desired check box and click Create.

The Instrument Control ASCIlI Communication Tool is created.
Figure 45 shows this tool, which provides a graphical user interface
for writing native GPIB instrument control commands and queries
and reading responses.
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Figure 45: MATLAB's Instrument Control Toolbox ASCII communication tool

5. Click Connect and then type a GPIB command or query and
click the appropriate button.

A screen similar to the following appears.

J Instrumeent Sontrol ASCIT Communication Tool - Con

Communicalion Stale

(D comnaact | from instrumam

Command Wirien o he ivsiniment

|ﬂ;.-\',||'| '|ll|

Formal

Star mcording Command: |'I:"J:‘ ﬂ
Yalup=Sanl
Wirila | Faad “ Sy | Flush Inpud ]
Tatal |5 Dala Raad from the Insrument
Curmanl |i Fomnat |%e i Clear Diaba |
WalupeR ke vad Diarla TEKTRONGCTDET1 08 0.CF81.1 CT £t 21
ol Iﬂi ] OCFSN 10T R 2
Currant |3!
Hizlp I Ciose
Cleaning up Instrument Objects during Debugging
Once you have identified and opened a VISA-GPIB instrument, you can use
the instrfind Instrument Control Toolbox function to find out how many
objects are in memory and which one’s status is currently open. (Only one
can beopenat atime.)
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For example, during debugging, you could create and save the following
MATLAB function asan M file:

% caution - closes, deletes and clears all instrunents
if ~isenpty(instrfind)

fclose(instrfind);

del ete(instrfind);

end

Thisfunction closes and deletes all instrument objects from memory.

Asan dternative, you could use the instrreset ICT function, which performs
the equivalent of the preceding block of code. Type this function from the
Command Window to clean up the workspace whenever the function you are
debugging includes an instrument object that has an abnormal closure or is
interrupted without fully executing.

The Jitter Example with MATLAB ICT Functions

The MATLAB example you will work with is an updated version of the
MATLAB Jitter example that appeared in the Oscilloscope Connectivity
Made Easy book. If you have that book, consult it to learn more about how
the program works, or study the code comments in the example itself on the
CD that accompanies this book. Y ou will add a direct waveform connection
to this program so that it accepts live waveform data from your oscilloscope.

For the purposes of this exercise, the logic and details of the provided Jitter
example are irrelevant. The important point isto change the program so that
it accepts live data rather than reading data from afile.

In the modified example that you will create, native GPIB commands and
queries are written to VISA instrument objects through the Instrument
Control Toolbox interface. Figure 46 shows how GPIB commands and
gueries are funneled to and from a VISA-GPIB object using Instrument
Control Toolbox fprintf and query functions.
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Figure 46: How commands and queries are funneled through MATLAB functions

See Table 34 and Table 35 for more information about native GPIB
commands and queries, and Table 37 for more details about Instrument
Control Toolbox functions.

Creating the jitter2 Function
Next you will add a direct waveform connection to aclock jitter problem.
The new function will communicate directly with the oscilloscope.

The function automatically acquires awaveform by funneling native GPIB
commands and queries (shown in bol df ace) through Instrument Control
Toolbox functions (shown in bol df ace i t al i c¢s) totheidentified VISA
resource device on the oscilloscope.
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To create thejitter2.m function:
1. Startup MATLAB 6.1.

2. Fromthe Current Directory Browser in the lower left pane,
browse and select the path to the working folder where you
have stored the clock jitter solution files.

3. From the Command Window, select File > New >
M-file to start anew file in the MATLAB Editor/Debugger.

4. Typethefollowing (omit the commentsif desired):

function rnsJitter = jitter2(synbol Rate,threshol d, hysteresis)
% Modi fied version of jitterl to acquire data directly fromthe
% scope

% cal | i ng synt ax

% rmsjitter = jitter2(5000,0,0.1)

% or rmsjitter = jitter2

%in the |latter case default paraneter val ues are used.

% use default values if function is called w thout argunents
if nargin < 1

synbol Rate = 5000;

threshol d = 0;

hysteresis = 0.1;

end

% This function calculates the RVS jitter in a waveform

% Jitter is the difference between the actual tine an edge
% occurs and the tinme where it shoul d have been based on the
% suppl i ed sanple rate.

strCh = 'chl’;

% change the value below to test for different record | engths
recordLen = 400000;

% Use inside the scope with TekVlI SA(board 8, prinmary address 1)
g =visa('tek’,”GPIB8::1::INSTR ) ;

% if running MATLAB on a connected PC, change vendor code

% and/ or GPI B descriptor as necessary e.g.

% = visa('ni’, GPIBO::1::INSTR ) ;

% = visa('agilent’,” GPIBO::1::INSTR ) ;

% Make sure the size of the InputBuffer - in bytes - is
% sufficient.
set (g, | nputBuf ferSize’, recordLen*2);

This code:

a. Setsdefault values for the three arguments to the
function (symbol rate, threshold, and hysteresis), if these
arguments were not entered at the command line.

b. Setschanne 1 (chl) asthe data source from which to
obtain and return awaveform and sampling rate.

c. Setstherecord length of the waveform to be acquired to
400,000 data points.

Oscilloscope Analysis and Connectivity Made Easy 175



The Jitter Example with MATLAB ICT Functions
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d. Usesthe VISA Instrument Control Toolbox function to
create aVISA-GPIB object corresponding to TekVISA
virtual GPIB (board 8, primary address 1).

Note: If you are running MATLAB on aconnected PC rather
than on the oscill oscope itself, you will need to change the
GPIB descriptor and possibly the vendor code to something
else (see page 169).

e. Assignsthat VISA-GPIB object to the variable g.

f.  Usesthe ICT Set function to set the ICT InputBufferSize
property to twice the size of the record length. This
software input buffer is used later during an fscanf read
operation, which will terminate when the amount of data
stored in the buffer equals this value.

Type the following:
fopen(g);

The fopen Instrument Control Toolbox function connects to the
instrument by opening the TekVISA virtual GPIB resource device.

Type the following:

idn = query(g, '"*IDN?");

fprintf(g, HEADER OFF');
fprintf(g, [’ DATA: SOURCE ' strCh]);
fprintf(g,’ DATA: ENCDG SRI Bl NARY' ) ;
fprintf(g, DATA WDTH 2);
fprintf(g,’ ACQU RE: STATE OFF');
fprintf(g,’ ACQUI RE: MODE NORVALSAMPLE');
fprintf(g,’ ACQUI RE: STOPAFTER SEQUENCE' ) ;
fprintf(g, ACQU RE: STATE RUN );

The native GPIB *IDN? query is funneled through the ICT query
function. This query returns the oscilloscope identification code.

The TDS7000 native GPIB commandsin this set are funneled
through the ICT fprintf function and perform the following tasks:

a. TheHEADER OFF command turns verbose mode off, causing
the oscilloscope to omit headers on query responses, so that only
the argument is returned.

b. The DATA:SOURCE command sets the data source to channd 1.
c. TheDATA ENCDG:SRIBINARY command sets the data format

to binary using signed integer data-point representation, with the
least significant byte transferred first.
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d. TheDATA:WIDTH command sets the number of bytesto transfer
to two bytes per data point.

e. The ACQUIRE:STATE OFF command stops acquisitionsand is
equivalent to pressing the front-panel STOP button.

f. The ACQUIRE:MODE NORMALSAMPLE command setsthe
acquisition mode to sample and is equivalent to selecting
Horizontal/Acquisition from the Horiz/Acq menu and then
choosing Sample from the Acquisition Maode group box.

g. The ACQUIRE:STOPAFTER SEQUENCE command tells the
oscilloscope to acquire a single sequence rather than continuous
data.

h. The ACQUIRE:STATE RUN command starts acquisitionsand is
equivalent to pressing the front-panel RUN button, unless the
STOPAFTER mode is set to SEQUENCE, in which case this
command is equivalent to pressing the front-panel SINGLE
button.

7. Typethefollowing:

whil e query(g,’ BUSY?'," %', %’ ); end,
hori zLen = query(g,’ ' HORI ZONTAL: RECORD?' ,’' %', %' );

Thetwo native GPIB queries here (BUSY? and
HORIZONTAL:RECORD?) are funneled through the ICT query
function and behave as follows:

a. TheWHILE loop executes as long as the oscilloscope is busy
processing ACQUIRE:STATE RUN, which helps synchronize the
operation of the oscilloscope with this program.

b. After the acquisition, the HORIZONTAL:RECORD? query
returns the current horizontal record length, which is converted
from a string to a floating-point number and stored in the
variable horizLen.

8. Typethefollowing:

fprintf(g,’' DATA: START %', 1);
fprintf(g,’ DATA: STOP %l’, recordLen);
fprintf(g, CURVE?");

These three native GPIB commands (DATA:START, DATA:STOP,
and CURVE?) do the following:

a.  Set the start data point for waveform transfer to 1.

b. Set the stop data point to the record length that you selected for
this transfer.
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10.

Read a complete waveform from channd 1 into the input buffer
of the specified VISA resource device using the CURVE? query.
In binary format, the waveform is formatted as:

#<a><bbb><data><newline>
where:

a = the number of b bytes

bbb = the number of bytesto transfer

data = the waveform curve data
newline = asingle-byte new-line character at the end

Type the following:

dummy_stringl = fscanf(g, %', 2)

dummy_string2 = fscanf (g, %, str2num(dummy_stringl(2)))
recordLen2Transfer = m n(recordLen, hori zLen);

[ wavef orm raw, count] = fread(g,recordLen2Transfer,’intl6);
dummy_string3 = fscanf(g, %' ,1);

These statements use Instrument Control Toolbox functions to read
data bytes from the input buffer and store them as follows:

a

Thefirst fscanf ICT function reads the first two bytes of the
waveform (#, a and bbb above), converts them to a string and
storesthem in dummy_string1.

The second fscanf ICT function reads the number of values
specified in the second byte of dummy_stringl. Since this
number (converted from a string) corresponds to a, the function
reads the correct number of bytes to transfer, which corresponds
to bbb, convertsit to astring, and storesit in dummy_string2.

The next statement determines the lesser of the requested record
length and the length of the record actually acquired, and stores
theresult in RecordLen2Transfer.

Thefread ICT function reads the number of bytes of binary
waveform data specified in RecordLen2Transfer. Using Int16
precision, the function reads 16 bits for each value and interprets
each value as an integer. The waveform data values are stored in
waveform_raw.

The next fscanf ICT function reads the 8-bit terminator character
and storesit in dummy_string3.

Type the following:

% get the sanpling interval
sanpl el nterval = query(g, WFMOUTPRE: XI NCR?" ," %", %’ );
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This code funnds a native GPIB query (WFMOUTPRE:XINCR?)
through the ICT query function. This query:

a. Getsthe horizontal point spacing (XINCRO also known
asthe X increment or sampling interval) for the
waveform from the active device.

b. Convertsit from astring to anumber and storesit in
samplinginterval.

11. Typethe following:

% Scal e the data

yunit = query(g,’ WFMOUTPRE: YUNI T?" ) ;

ymul t query(g,  WWMOUTPRE: YMULT?'," %', %) ;
yof f = query(g,’ WFMOUTPRE: YOFF?' ,’ %', %’ );
yzero = query(g,’ WMOUTPRE: YZERO?' ,’ %', %’ ) ;

This code funnd s four native GPIB queries (WFMOUTPRE:YUNIT?,
WFMOUTPRE:MULT?, WFMOUTPRE:YOFF?, and
WFMOUTPRE:YZERO?) through the ICT query function: These
queries:

a. Return the vertical unit of measurement (YUNIT) (also
called the Y unit), which is stored in yunit, to be used for
labdling the waveform plot.

b. Return the vertical scale factor (YMULT) per digitizing
level (also called the Y multiple), which is converted
from a string to a floating-point number and stored in
ymult.

c. Returnthe vertical offset (YOFF) in digitized levels (also
calledthe Y offset), whichis converted from astring to a
floating-point number and stored in yoff.

d. Returnthe vertical offset (YZERO) in unitsof Y (also
called Y zero), which is converted from astring to a
floating-point number and stored in yzero.

12. Typethe following:

% scal e the data to the correct val ues
waveform = ynul t *(waveformraw - yoff) - yzero;

This calculation uses matrix multiplication to scale the waveform
data to the correct values by subtracting the vertical offset in units of
Y from each e ement in the raw waveform data array lessthe Y
offset, and multiplying the result by the vertical scale factor. The
resulting array is stored in waveform.

Oscilloscope Analysis and Connectivity Made Easy 179



The Jitter Example with MATLAB ICT Functions

13. Type the following:

% find the edges in the supplied waveform

neasur edTi ne =

nmeasur eEdgeTi m ng2(wavef orm t hr eshol d, hyst eresi s,
sanpl el nterval ) ;

% preal | ocate space for the clocks array
cl ocks=zeros(1, | engt h(nmeasuredTine));

% derive the cl ocks based on the supplied synbol rate
for index = 2:|ength(nmeasuredTine);
cl ocks(index) = (round(synbol Rate * (nmeasuredTi me(i ndex) -
measur edTi me(index - 1)))) + clocks(index-1);
end

%fit the derived cl ocks and the neasured tine to a straight
%1ine

coef = polyfit(clocks, neasuredTinme, 1);

% coef (2) is the intercept (a) in the formy + bx

% coef (1) is the slope (b) in the formy = a
a = coef(2);

b coef (1);

= a
+ bx

measur edAver ageSynbol Rate = 1/ b;
nmeasur edSynbol Rat eError = (nmeasur edAver ageSynbol Rate -
synbol Rat e) / synbol Rat e;

subplot(2,1,1);
pl ot (wavef orm ;
title = ([’ synbol rate error: ',
nunst r (nmeasur edSynbol Rat eError * 100), '%]);
x| abel (* sanples’);
% provi de the label in units acquired fromthe scope
% strtok is needed to renpbve doubl e quotes
yl abel ([ waveform anplitude, * strtok(yunit, " )]);

This code:

a. Callsthe supplied measureEdgeTiming2 function
(which must be located in the same directory as the
jitter2 function).

b. Calculates remaining steps of the clock jitter algorithm.

c. Plotsthe waveform. Notice that the strtok MATLAB
function strips the double guotes from the string value in
yunit, S0 that measurement unit values will display
correctly on the plot.

14. Typetheselines, which calculate and plot thejitter:

reconstructedTinme = a + (clocks .* b);

%jitter is the difference between the neasured tine and the
% reconstructed time.

jitter = reconstructedTi ne - neasuredTi ne;

% see the MATLAB function reference for ’normi
rmslJitter = norn(jitter)/sqrt(length(jitter));

subpl ot (2,1, 2);
pl ot (reconstructedTime,jitter);
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title = (['RVS jitter: ', num@str(rnsJitter*le6, ' \nus'])

x|l abel ("tinme in seconds’);

ylabel ("jitter in \nus’);

% force the x-axis limts to be tight so that both plots |ine
% up

set (gca,’ XLim ,[0 count*sanpl el nterval])

15. Typethefollowing lines at the very end of the jitter2
function to disconnect from the instrument:

% cl ose the instrunment object
fclose(q);
del ete(Q);

These Instrument Control Toolbox functions do the following:

a. Thefclose ICT function closes the connection to the active VISA
resource device and sets the Status property to closed.

b. Thedelete ICT function removes the VISA-GPIB object from
memory.

16. Click the Save to Disk icon from the toolbar, type jitter2.m
and click OK.

Figure 47 showsthe first page of the completed jitter2 function.

Oscilloscope Analysis and Connectivity Made Easy 181



The Jitter Example with MATLAB ICT Functions

By Caounenty’ M ILAE L UL annectivity' release 18 et =00 =]
Bl B ew Lot (ebug Bresipoets Web Srdow bl
DEES LT Ea s AH B8 00 Q8 s ] |
1 funcTion rwaditter = jitterd (aysbolPare, theeshold, hyatepsaia) =
o B, P ] b i F e I T . y - i i
- 1
d
| ]
]| s i
7
E i ot
g -
e
11]= if pargin < 1
12]= symholiate = 5000
13 = thegshald = 0;
4= hyacereais = Oo1; [
18- =nd
16
17
1R 1 . B
13 I
0 i
1
231=| =trch = "chi';
2 - recordlen = J00000;
o & Um § = e} s -
?E Timm T1
n 1 MATLAS
i
20 | &g = visa|'ni’,
30 - g = wisal| 'agilenc” "GPIED: 2= INSTR") §
#
33 - ek gy ' InputBuifepfiee ' s recordbhen®2 ) )
3
3 - | topemigii
36 - idn = queryig, "“IDN? 'b;
37 - fprimtf (g, 'NOADER OFF');
38 - fFpramtf (g, [ 'DATR: SOURCE ' mkxTh]l;
3 - fprimtf (g, 'DATA: ENCDG SEIBINARY; '] ; -
| 4] | LlJ
Ready
Figure 47: The first screen of the jitter2 function in MATLAB
Testing Automatic Waveform Acquisition
If you have the necessary hardware, follow the stepsin the Oscill oscope
Connectivity Made Easy book (and in Appendix D on page 321 of this book)
to connect the cable and start the waveform generator. Change the amplitude
and frequency of the waveform generated by your sound card by moving the
dlider bars to the maximum amount on the Jitter Adjustment tab of the
waveform generator program.
Note: Even if you do not have a waveform source connected to
Channel 1 of your oscilloscope, you will still be able to pick up
enough random noise to generate some data to verify that your
program has connectivity. Even though the jitter calculation and plot
will not work correctly, you will be able to produce a waveform plot
in such acase.
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Next you will automatically acquire waveform data from your oscilloscope
into MATLAB by calling the jitter2 function:

1. Inthe Command Window, type

rmsjitter = jitter2 (5000, 0, .1)

or smply

rmsjitter = jitter2

MATLAB runsthejitter2 function, assigns the returned result asthe

value of rmgjitter, and displays the answer in the Command Window

(since the line does not end with a semi-colon (;)).

MATLAB also displays two plotted graph solutionsin the Figure

Window. Thefirst plot is the acquired waveform and the second is

the clock jitter. The acquired waveform should resemble the one

shown on your oscill oscope.
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Improved Jitter Example with a GUI Interface

In this section, to make the previous solution more interactive, you will
modify the jitter2 example to use the MATLAB Graphical User Interface
(GUI). This GUI allows interactive execution of MATLAB scripts, change of
parameters and communication with instruments while providing powerful
numerical computation and visualization.

For more information about using this GUI, consult the MATLAB User’s
Guide, the MATLAB online manual, and MATLAB'’s Creating Graphical
User Interfaces books.

Adding GUI Components to the Solution

By adding these components to your solution, you will enable usersto type
input parameters into aform and click buttons to activate portions of the
code. Follow these steps to build a GUI:

1. From the Command Window, select File > New > GUI or
type guide to run MATLAB’s GUI utility.

A file opensin the Figure Window with a canvas (grid) where you
can place graphical user interface objects and axes objects.

A toolbar with GUI objects appears on the | eft side of the window.
Table 30 shows icons on the MATLAB guide toolbar that are
relevant to this example.

%}
[
=

|m| g | 2|e|E

2. Select the Static Text tool from the toolbar and place labels
for various GUI components (Symbol Rate, Record Length,
Threshold, and Hysteresis) on the right side of the canvas,
as shown in Figure 49.
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Table 30: Icons for MATLAB guide toolbar controls used in this book

Icon Icon Name

= Static Text

o Edit Text

El Push Button
m.{ Popup Menu
|  Checkbox
@ Axes

Select from

guide toolbar
guide toolbar
guide toolbar

guide toolbar
guide toolbar

guide toolbar
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Figure 49: Building a GUI using the MATLAB guide utility
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Figure 50: The MATLAB guide utility Property Inspector

3. Tochange the default label for each of these controls,
double-click the label or right-click and select Property
Inspector (see Figure 50) from the context menu of the
labdl, then change the String property from the default text to
the desired text.

The labels will now read Symbol Rate, Record Length, Threshold,
and Hysteresis.

4. Select the Edit Text control from the toolbar and place the
edit boxes under the four labels created in the previous steps.

5. Using the Property Inspector, change the Tag property for
each of these edit boxes to the code names shown in
Table 31. These are the names that will be used to refer to
these edit boxes in automatically generated code.

6. Using the Property Inspector, change the String property for
each of these edit boxes to the initid values shown Figure 49
and Table 31.

7. Select the PopUp Menu control from the toolbar and create a
popup menu as shown in Figure 49.
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Using the Property Inspector, click the little box next to the
String property for the popup menu control:

and type the following on separate lines:

TekVISA - Scope
NI VISA - PC
Agilent VISA - PC

Using the Property Inspector, change the Value property for
the pop-up menu control to [1.0].

This makes the first selection, TekVISA - Scope, the default selection
in the menu.

Select the Push Button control from the toolbar and create
six buttons, sized and positioned as shown in Figure 49.

Select the Checkbox control from the toolbar and create a
check box as shown in Figure 49.

Using the Property Inspector, change the Tag property for
each of these controls to the code names shown in Table 31.
These are the names that will be used to refer to these
controls in automatically generated code.

Using the Property Inspector, change the String property for
each of these controlsto theinitial values shownin Figure
49 and Table 31. These are the labels that will appear on
these controlsin the GUI.

Select the Axes control and place two Axes objects on the
left side of the canvas as shown in Figure 49. Leave their
properties unchanged.

Double-click the canvas or right-click it and select Property
Inspector from the context menu, then change the Tag
property for the whole figure to the value shown in Table 31.
Thisisthe name that will be used to refer to the whole figure
in automatically generated code.

Note: Tag properties are shown underlined in Table 31 to help
distinguish them from String properties.
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Table 31: Changes to make in the Property Inspector to GUI controls

GUI Control Property Change to

StaticText String Symbol Rate

StaticText String Record Length

StaticText String Threshold

StaticText String Hysteresis

EditText Tag editSymbolRate
String 5000

EditText Tag editRecordLength
String 200000

EditText Tag editThreshold
String 0

EditText Tag editHysteresis
String 0.1

PopupMenu Tag popupmenuSelector
String TekVISA - Scope

NI'VISA - PC
Agilent - PC

Value no change from default [1.0]

PushButton Tag pushbuttonCONNECT
String CONNECT

PushButton Tag pushbuttonExportinstrument
String Exportinstrument

Checkbox Tag checkboxWaveformExport
String Waveform Export

PushButton Tag pushbuttonStart
String Start

PushButton Tag pushbuttonStop
String Stop

PushButton Tag pushbuttonSINGLE
String SINGLE

PushButton Tag pushbuttonClose
String Close

Axes String no change

Axes String no change

Figure Tag figJitter3
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16. Save the GUI under the namejitter3.

This creates the jitter3.fig and jitter3.m files. The FIG-file contains
the GUI layout and graphical data that implements the graphical
view. The M-file provides the functionality that implements the
application model.

Note: Instead of adhering to the sequential programming model
used in jitter2, thejitter3 example conforms to the event-based
paradigm common to GUI-based applications, where user
actions trigger event-driven callback functions.

17. Notice that appropriate Callback property values for the
various GUI controls are automatically generated and
displayed in the Property Inspector window.

18. Note dso that the jitter3.m file automatically opensin the
MATLAB Editor/Debugger with initialization code and
partia callback code stubs already generated.

Performing an Interim Test
To see thefinished user interface and test it:

1. Select Tools > Activate Figure from the Guide menu.

The interface does not respond to buttons yet, but you will be able to
change input parameters.

2. Experiment with changing the values of parametersin the
edit boxes.

Modifying Auto-Generated Functions

Now you are ready to edit the generated code and callback functions that
implement initialization and respond to user events (such as clicking on
buttons).

The jitter3 Function

Thejitter3 function handles both initialization of the GUI and its callback
functions. Thisfunction is called whenever you typejitter3 in the Command
Window.

e If the call has no arguments, the jitter3.fig file is opened for
user input, and all handles are stored with the application
figure.

« Ifjitter3 is called with arguments, the function dispatches the
appropriate callback function. (Y ou can scroll down the
jitter3.m file to see the default implementation of callback
functions.)
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From the GUI you created, MATLAB automatically generates the following
commented code, which accepts a variable number of arguments. Note the
use of the MATLAB NARGIN and NARGOUT functions to get the number of
arguments.

function varargout = jitter3(varargin)

%jitter3 Application Mfile for jitter3.fig

% FIG=jitter3 launch jitter3 GU .

% jitter3(' call back_nane’, ...) invoke the naned cal |l back.

% Last Mbdified by GU DE v2.0 24- Apr-2001 16:59: 06
if nargin == % LAUNCH GUI
fig = openfig(nfil enanme,’reuse’);

% Use system col or schene for figure:
set(fig, Color’, get(0,’ defaultU control BackgroundCol or’));

% CGenerate a structure of handles to pass to call backs, and store

handl es = gui handl es(fi g);
gui data(fig, handles);

if nargout > 0
varargout {1} = fig;
end

el seif ischar(varargin{1}) % | NVOKE NAVED SUBFUNCTI ON OR CALLBACK

try

[varargout {1: nargout}] = feval (varargin{:}); % FEVAL swi tchyard
catch

di sp(lasterr);
end

% ABOUT CALLBACKS:

% GUI DE automatically appends subfunction prototypes to this file, and
% sets objects’ callback properties to call themthrough the FEVAL

% sw tchyard above. This comment describes that nechani sm

% Each cal | back subfunction declaration has the follow ng form
% <SUBFUNCTI ON_NAME>(H, EVENTDATA, HANDLES, VARARG N)

%

% The subfunction nanme is conposed using the object’s Tag and the
% callback type separated by ' ', e.g. 'slider2_Callback’,

% 'figlitter3_C oseRequestFcn’, 'axisl_ButtondownFcn’.

%

% His the callback object’s handl e (obtained using GCBO).

%

% EVENTDATA is enpty, but reserved for future use.

%

% HANDLES is a structure containing handl es of conmponents in GU using
% tags as fieldnames, e.g. handles.figJitter3, handles.slider2. This
% structure is created at GUI startup using GU HANDLES and stored in
% the figure' s application data using GU DATA. A copy of the structure
% is passed to each callback. You can store additional information in
% this structure at GU startup, and you can change the structure

% during callbacks. Call guidata(h, handles) after changi ng your

% copy to replace the stored original so that subsequent callbacks see
% the updates. Type "hel p gui handl es" and "hel p gui data" for nore

% information.
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% VARARG N contains any extra argunents you have passed to the

% cal |l back. Specify the extra argunents by editing the callback

% property in the inspector. By default, GU DE sets the property to:
% <MFlI LENAVE>(' <SUBFUNCTI ON_NAME>', gcbo, [], guidata(gcho))

% Add any extra argunents after the |ast argunent, before the final
% cl osing parenthesis.

As described in the code comments:
» fig references the FIG-file created for jitter3.

e handles isalocally defined variable that references the
structure of GUI controlsinjitter3. These handle components
use Tag names as field modifiers, such as
handles.editThreshold and handles.pushbuttonStart.

Y ou do not need to make any changes to this automatically generated code
block.

The Parameter Edit Text Box Functions
From the GUI you created, MATLAB automatically generates the following
code stubs for the Edit Text boxes:

Yy=====================================5==============================
function varargout = editSynbol Rate_Cal | back(h, eventdata,

handl es, varargi n)
% Stub for Callback of the uicontrol handl es. editSynbol Rate.

Wocoo0550505055055555005559500555950055505005500500059050955995095595
function varargout = editRecordLength_Cal |l back(h, eventdata,

handl es, varargi n)
% Stub for Callback of the uicontrol handl es. edi t RecordLengt h.

function varargout = editThreshol d_Cal | back(h, eventdata,
handl es, varargi n)
% Stub for Call back of the uicontrol handl es. edit Threshol d.

72
function varargout = editHysteresis_Call back(h, eventdata,

handl es, varargi n)
% Stub for Callback of the uicontrol handl es. editHysteresis.

This codeis called when the user enters text in one of the Edit Text boxes on
the user interface. Y ou need to update these callback functions so that
application parameters are updated when the user changes values on the user
interface. To do this, you will use two new predefined functions:

* Thesetappdata MATLAB function sets the name and value
for application-defined data associated with the handles
structure. Once this function stores the application data,
other callbacks can accessiit.
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1

The get MATLAB function returns object properties and
their values. In this case, it returns the String property of
elementsidentified by handle h, which are qualified by their
tag names.

Complete the callback functions as follows:

Insert the following line after the code stub for the Symbol
Rate Edit Text box:

set appdat a(handl es. figJitter3,’ Synbol Rate’, ...
str2num(get (h,” String’)));

This code sets the SymbolRate variable to the numeric equivaent of
a String property value obtained from the Symbol Rate Edit Text box
identified by handle h.

Insert the following line after the code stub for the Record
Length Edit Text box:

set appdat a(handl es.figJitter3,’ RecordLength’, ...
str2nun(get(h,” String’)));

This code sets the RecordLength variable to the numeric equivalent
of a String property value obtained from the Record Length Edit
Text box identified by handle h.

Insert the following line after the code stub for the
Threshold Edit Text box:

set appdat a(handl es. figJditter3,’ Threshold , ...
str2nun(get(h,” String’)));

This code sets the Threshold variable to the numeric equivalent of a
String property value obtained from the Threshold Edit Text box
identified by handle h.

Insert the following line after the code stub for the
Hysteresis Edit Text box:

set appdat a(handl es.figJitter3, Hysteresis', ...
str2num(get (h,” String’)));

This code sets the Hysteresis variable to the numeric equivalent of a
String property value obtained from the Hysteresis Edit Text box
identified by handle h.

The VISA Selector Popup Menu Function

Thejitter3.m function does not automatically connect to the oscilloscope. The
user must first select the VISA vendor (Tek, NI, or Agilent) from a popup

menu and then click the CONNECT button.
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From the GUI you created, MATLAB automatically generates the following
code stub for the popup menu used to select a VISA vendor:

Yy=====================================5==============================
function varargout = popupnenuSel ect or _Cal | back(h, eventdata,

handl es, varargi n)
% Stub for Call back of the uicontrol handl es. popupnenuSel ect or.

Complete this callback function as follows:

1. Insert the following lines after the code stub:

set appdat a( handl es. figJitter3,’ Connection’,get(h,’ Value'));

This code sets the Connection variable to the Value property value
obtained from the popup menu identified by handle h, where:

1=TekVISA - Scope
2=NIVISA -PC
3=Agilent - PC

The CONNECT Button Function
From the GUI you created, MATLAB automatically generates the following
code stub for the CONNECT button:

Hocoo05505050550555095005550500555950055505005500500059050955905095595
function varargout = pushbuttonCONNECT_Cal | back(h, eventdata,

handl es, varargi n)
% Stub for Callback of the uicontrol handl es. pushbutt onCONNECT.

This code is called when a user clicks the CONNECT button on the user
interface. Complete the callback function as follows:

1. Insert the following lines after the code stub:

% Read the paraneters fromedit boxes (String property) on the
% user interface and set the application data associated with
%the figure window so that it is accessible fromany call back
% function
synbol Rat e = str2nun{get (handl es. edi t Synbol Rate,’ String’));
set appdat a(handl es. figJitter3,’ Synbol Rate’, synbol Rat e) ;
recordLen = str2nuniget (handl es. edi t RecordLength,’  String’));
set appdat a( handl es. figJitter3,’ RecordLength’, recordLen);
threshol d = str2num(get (handl es. edit Threshold,” String’));
set appdat a(handl es. figJditter3,’ Threshold’,threshol d);
hysteresis = str2nun{get (handl es. edi t Hysteresis, String'));
set appdat a(handl es. figJitter3,’ Hysteresis’, hysteresis);
conn = get (handl es. popupnmenuSel ector,’ Val ue’);
set appdat a(handl es. figJditter3,’ Connection’, conn);
strCh = "chl’;
g = open_instrunent (conn, strCh, synbol Rate, recordLen, . ..

t hreshol d, hyst eresi s)
% store the instrument object as application data so that other
% cal | backs can access it
set appdat a(handl es.figJitter3, instr’,g)
% Turn the CONNECT button enabl e property off so that it can't
% be pressed again
set (h,’ Enable’,’ of f’);
set (handl es. edi t RecordLengt h, " Enabl e’ , " of f");
set (handl es. popupnenuSel ector, ' Enable’,  of f');
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This function:

a. Reads parameters from the Edit Text box objects and
popup menu object in the GUI using the Get MATLAB
function, instead of getting the parameters from a
function call or local assignment (as was done in the
jitter2.m example).

b. Convertsthe parameters to numbers, since they are
stored as string data.

c. Passesthe parametersto the open_instrument function
(on page 194) to open aVISA abject and set up the
instrument, and returns the resulting VISA object as g.

d. Usesthesetappdata MATLAB function to store the
parameter information with the application Figure
Window. The same is done for the VISA abject g.
Otherwise, this data would not be accessible from other
callbacks, such as those for the SINGLE and Close
buttons.

e. Usestheset MATLAB function to turn the Enable
property off for the CONNECT button, the Record
Length Edit Text box, and the VISA selection pop-up
menu. Disabling these controls prevents the user from
accessing them while connected.

The Open Instrument Function

Next you will write the open_instrument function. Rather than coding this
function inline, you will call it separately to improve readability and facilitate
code reuse and modification.

1

Type the following lines at the end of the jitter3.m file after
the code stubs for callback functions:

% function to open the instrument and set up the neasurenent
function g = open_instrunent (conn, strCh, synbol Rate, ...
recordLen, t hreshol d, hyst er esi s)

% Use inside the scope with Tek VI SA (conn=1),
% externally with NI visa (conn=2)
% or Agilent VISA (conn=3)

swi tch conn

case 1,

g =visa('tek’,”GPIB8::1::INSTR ) ;

disp(’g = visa(''tek’’,”"GPIB8::1::INSTR "); ")
case 2,

g =visa('ni’, GPIBO::1::INSTR ) ;

disp('g =visa(’'ni’’,""GPIB0::1::INSTR "); ")
case 3,

g =visa('agilent’,” GPIBO::1::INSTR ) ;

disp('g = visa(''agilent’’,”"GPIB0::1::INSTR "); ")
end

di sp(’ I nstrument object is created’ )
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% set the instrunment object properties
set (g, | nputBuf ferSize’, recordLen*2);
% open the instrunent object for reading and witing

fopen(9);

% send conmmands to set up the instrunent
fprintf(g,’ HEADER OFF');

fprintf(g, [’ DATA: SOURCE ' strCh]);
fprintf(g,’ DATA: ENCDG SRI BI NARY; W DTH 27);
fprintf(g,’ ACQUI RE: STATE OFF );
fprintf(g,’ ACQUI RE: MODE NORVALSAVPLE' );
fprintf(g,’ ACQU RE: STOPAFTER SEQUENCE' );
% end of open_instrunment

Notice that some of this code is borrowed directly from the jitter2.m
script. This function:

a. Createsand opensaVISA object based on the vendor
value selected in the VISA selector pop-up menu.

b. Usesthedisp MATLAB function to display instrument
object summary information.

c.  Setsup theinstrument, but does not acquire any data yet.

The Close Button Function
From the GUI you created, MATLAB automatically generates the following
code stub for the Close button:

Yy====================================================================
function varargout = pushbuttonCd ose_Cal | back(h, eventdata,

handl es, varargin)
% Stub for Call back of the uicontrol handl es. pushbuttond ose.

This code is called when a user clicks the Close button on the user interface.
Complete the callback function as follows:

1. Insert the following lines after the code stub:

% get the instrunment object and delete it unless it is enpty
% ( CONNECT button was never pressed)
g = getappdata(handl es.figJditter3, instr’);

if isenpty(g)

di sp(’ No i nstrunment object’)
el se

fcl ose(qg)

del et e(Qg)

di sp(’ I nstrument object is closed and del eted’)
end

cl ose(handl es.figJditter3)

This code:

a. Usesthe getappdata MATLAB function to accessthe
instrument object made available by the setappdata
function.

b. Checksto see whether instrument object g is empty and
quits without errorsif the connection was never made
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c. Usesfclose and delete ICT functionsto close and
deallocate memory for the instrument object.

d. Usesthedisp MATLAB function to immediately display
information about the instrument object.

e. Usestheclose MATLAB function to close the Figure
Window.

2. Totest execution, activate the user interface by selecting
Tools > Activate Figure from the Guide menu.

3. Click the Close button in the Figure Window to ensure that
No error messages are generated.

The Close button should close the GUI without errors.

4. Typeinstrfind in the Command Window to ensure that no
instrument objects are | eft in the workspace.

The function should return an empty matrix.

The SINGLE Button Function
From the GUI you created, MATLAB automatically generates the following
code stub for the SINGLE button:

72
function varargout = pushbuttonSI NGLE_Cal | back(h, eventdata,

handl es, varargin)
% Stub for Callback of the uicontrol handl es. pushbuttonSI NGLE.

This codeis called when a user clicks the SINGLE button on the user
interface. Compl ete the callback function as follows:

1. Insert the following lines after the code stub:

% di sabl e the button while processing the acquisition
set (h,’ Enable’,’ off');
% store application data with the main figure object
% it is updated by edit box call backs
g = getappdata(handles.figJditter3, instr’);
recordLen = getappdata(handles.figJitter3,’ RecordlLength’);
synbol Rat e = get appdat a(handl es.figJitter3,’ Synbol Rate’);
threshol d = getappdata(handles.figJditter3,’ Threshold');
hysteresi s = getappdat a(handl es.figJditter3,’ Hysteresis');
export Wavef orm = get appdat a(handl es.figJitter3,
" Export Waveform );

%call the function that comuni cates with the instrunent
acqui re_i nstrunent (handl es, g, synbol Rat e, recordLen, . ..

t hreshol d, hyst er esi s, expor t Wavef or m
% enabl e the button
set (h,’ Enable’,’ on’);
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This code:

a. Usestheset MATLAB function to turn the Enable
property off for the SINGLE button. Disabling this
button prevents the user from clicking it during the
acquisition.

b. Usesthe getappdata MATLAB function to access the
instrument object, record length, symboal rate, threshold,
hysteresis, and waveform export check box status. These
parameters were made available by the setappdata
MATLAB function in the open_instrument function (on
page 194).

c. Passesthese parametersto the acquire_instrument
function (on page 199) to acquire a single waveform
sequence.

d. Re-enablesthe SINGLE button after the acquisition.

The Start Button Function
From the GUI you created, MATLAB automatically generates the following
code stub for the Start button:

72
function varargout = pushbuttonStart_Cal | back(h, eventdata,

handl es, varargi n)
% Stub for Callback of the uicontrol handl es. pushbuttonStart.

This codeis called when a user clicks the Start button on the user interface.
Complete the calback function as follows:

1. Insert the following lines after the code stub:

% set the application data interrupted to O

%it will be changed only by pressing STOP button.

% this variable will be checked inside the while loop in
acqui re instrunent

interrupted = 0;

set appdat a(handl es.figJitter3, interrupted ,interrupted);
set(h,’ Enable’,  off’);

g = getappdata(handl es.figJditter3, instr’);

recordLen = getappdata(handles.figJitter3, RecordlLength’);
synbol Rat e = get appdat a(handl es.figJitter3,’ Synbol Rate’);
threshol d = getappdata(handles.figJditter3,’ Threshold');
hysteresi s = getappdata(handl es.figJitter3,’ Hysteresis');
export Wavef orm = get appdat a(handl es.figJitter3,

" Expor t Wavefornm ) ;

% Change the scope to perform conti nuous nmeasurenents
fprintf(g, ' ACQU RE: STOPAFTER RUNSTOP' ) ;

% call the acquisition function

acqui re_i nst rument (handl es, g, synbol Rat e, recordLen, ...
t hreshol d, hyst er esi s, expor t Wavef or m
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% Enabl e the button when finished (STOP button pressed and
% acqui re_i nstrunment finished)

set (h,’ Enable’,’ on’);

This code:

a. Zeroesan interrupted state variable that is used to
determine whether a continuous RUN acquisition has
been interrupted by a user clicking the Stop button.

b. Usesthe setappdata MATLAB function to set the name
and value for the interrupted state variable and associate
it with the figure object, so that other callbacks can
accessit.

c. Usestheset ICT function to turn the Enable property off
for the Start button. Disabling this button prevents the
user from clicking it during the acquisition.

d. Usesthe fprintf function to send an
ACQUIRE:STOPAFTER RUNSTOP native GPIB
command, which tells the oscilloscope to acquire
continuous data rather than a single sequence
(ACQUIRE:STOPAFTER SEQUENCE).

e. Usesthe getappdata MATLAB function to access the
instrument object, record length, symboal rate, threshold,
hysteresis, and waveform export check box status. These
parameters were made available by the setappdata
MATLAB function in the open_instrument function (on
page 194).

f.  Passes these parametersto the acquire_instrument
function (on page 199) to acquire a continuous
waveform sequence until the Stop button is clicked.

g. Re-enablesthe Start button after the acquisitionis
stopped by a user clicking the Stop button.

The Stop Button Function
From the GUI you created, MATLAB automatically generates the following
code stub for the Stop button:

Yy====================================================================
function varargout = pushbuttonStop_Cal | back(h, eventdata, ...

handl es, varargi n)
% Stub for Callback of the uicontrol handl es. pushbuttonStop.
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This code is called when the Stop button is clicked on the user interface.
Complete the callback function as follows:

1. Insert the following lines after the code stub:

setappdat a(handl es.figJitter3, interrupted , 1);

This code uses the setappdata MATLAB function to set the value
for theinterrupted state variable to 1, signifying that a continuous
RUN acquisition has been interrupted by a user clicking the Stop
button.

The Acquire Instrument Function

Next you will write the acquire_instrument function and add it to the end of
the jitter3.m function. Rather than coding this function inline, you will create
and call it separately to improve readability and facilitate code reuse and
modification.

1. Typethefollowing lines at the end of the jitter3.m file after
the open_instrument function. Cut and paste from the
jitter2.m file where possible to avoid retyping duplicate code:

Yg====================================

function acquire_instrunent (handl es, g, synbol Rat e, recordLen, . ..
t hreshol d, hyst eresi s, expor t Wavef or m

% function to performa neasurenent and read the wavef orm data

fprintf(g,’ ACQU RE: STATE RUN );

% set this variable to O despite what value is stored as an
% appl i cation data. This enables both SINGLE and STOP/ RUN
% functionality

interrupted = 0;

% performthe main | oop
whi | e (~i nterrupted)
whil e query(g,’ BUSY?'," %', %’ ); end,
hori zLen = query(g,’ HORI ZONTAL: RECORD?’ , ' 9%’ ,’ %’ );

fprintf(g, [’ DATA: START ' nunRstr(1)]);

fprintf(g, [’ DATA: STOP ' nun®str(recordLen)]);

fprintf(g,” CURVE?);

dummy_stringl = fscanf(g, %, 2);

dummy_string2 = fscanf(g, %, str2nun(dummy_stringl(2)));
recordLen2Transfer = m n(recordLen, horizLen);

[ wavef orm raw count] = fread(g,recordLen2Transfer,’intl16’);
% read the term nati on character

dummy_string3 = fscanf(g, %' ,1);

% get the sanpling interval
sanpl el nterval = query(g,’ WEMOUTPRE: XI NCR?", "%, %’ );

% Scal e the data

yunit = query(g,’ WFMOUTPRE: YUNI T?" ) ;

ymult = query(g,’ WEMOUTPRE: YMULT?', "%’ ,’ %’ );
yof f = query(g,’ WEMOUTPRE: YOFF?', "%’ ,’ %’ );
yzero = query(g,’ WMOUTPRE: YZERO?', ' %’ ,’ %’ );

% check that all paranmeters were read fromthe device
if ~(isempty(waveformraw) | isenpty(ynult) |
isenpty(yoff) | isenpty(yzero))
% scal e the data to the correct val ues
waveform = ynmul t *(waveformraw - yoff) - yzero;
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% det er m ne whet her wavef orm contai ns any edges
% ot herwi se skip the jitter analysis
i f max(waveforn) > threshold + hysteresis & ...
m n(waveform < threshold - hysteresis
%find the edges in the supplied waveform
neasur edTi ne = neasur eEdgeTi m ng2( wavef or m
threshol d, hyst eresi s, sanpl el nterval ) ;

% preal | ocate space for the cl ocks array
cl ocks=zeros(1, | engt h( neasur edTi ne) ) ;

% derive the cl ocks based on the supplied synbol

%rate

for index = 2:1 engt h(neasur edTi ne) ;

cl ocks(i ndex) (round(synbol Rate * ...

(maasuredTl me(index) - .
measur edTi me(i ndex - 1))))
+ cl ocks(index-1);

end

% fit the derived clocks and the neasured tine to a

% strai ght |ine
coef = polyfit(clocks, neasuredTinme, 1);

% coef (2) is the intercept (a) in the form
%y = a + bx

% coef (1) is the slope (b) in the formy = a + bx

a
b

coef (2);
coef (1);

measur edAver ageSynbol Rate = 1/ b;

nmeasur edSynbol RateError = ..
(measur edAver ageSynbol Rate - synbol Rat e)
/ synmbol Rat e;

reconstructedTinme = a + (clocks .* b);

%jitter is the difference between the neasured
%time and the reconstructed tine.
jitter = reconstructedTi me - neasuredTi ne;

% see the MATLAB function reference for ’normi
rmslJitter = norn(jitter)/sqrt(length(jitter));

set (handles.figJitter3,’ Handl eVisibility', on");
axes(handl es. axes1)
pl ot (wavef or m
title = ([’ synbol rate error: ',
nun®st r (measur edSynbol Rat eError * 100,

RCDE
x| abel (* sanples’);
yl abel ([’ waveform anplitude, * strtok(yunit,

set (handl es. axes1,’ XLim ,[0 count])

axes(handl es. axes2)

pl ot (reconstructedTime,jitter);

title = (['RVMB jitter: ',
nuantr(rrrletter*leG) " \nus']);

xl abel ("time in seconds’);

ylabel ("jitter in \nus’);

% set axis manual |y, otherw se the autoscaling

% overrides the setting

set (handl es. axes2,’ XLinmi , [0 count*sanpl el nterval ])

% cal cul ate and plot jitter histogram
[hs,y]l=hist(jitter, 30);

hol d on

% scal e the histogram

hg_hi st = .

bar h(y, hs reconstruct edTi me(end)/ max(hs)*0. 3, 1);
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hol d of f

set (hg_hi st, ' FaceAl pha’, 0. 4)

set (hg_hi st,’ EdgeAl pha’, 0)

set (handl es.figJitter3,’ Handl eVisibility',  off’);

el se
set (handl es.figJitter3,’ Handl eVisibility', on");
axes(handl es. axes1)
pl ot (wavef or m
x| abel (* sanples’);
yl abel ([ waveform anplitude, * strtok(yunit, " )]);
axes(handl es. axes2)
title(’RVS jitter not calculated - no edges ...
detected.’);
set (handles.figJitter3,’ Handl eVisibility',  off’);
end
% export waveforns to MATLAB wor kspace
i f exportWavef orm
assi gni n(’ base’,’ wavef orni , waveforn;
assigni n(’ base’,’ nmeasur edTi e’ , measur edTi ne) ;
assi gni n(’ base’, ' reconstructedTi ne’,
reconstruct edTi ne) ;
assignin(’base’,’jitter’,jitter);
assigni n(’ base’,’ cl ocks’, cl ocks);
assignin(’ base’,’a’,a);
assignin(’ base’,’ b, b);
assi gni n(’ base’, ' neasur edAver ageSynbol Rat e’ ,
nmeasur edAver ageSynbol Rat e) ;
assigni n(’ base’,’ sanpl el nterval ', sanpl el nterval);
end
dr awnow,
% check whet her the user has pressed on Stop button
interrupted = getappdata(handles.figJitter3,
“interrupted);
el se
set (handles.figJitter3,’ HandleVisibility', on");
axes(handl es. axes1)
title(’Data incorrectly received fromthe scope’)
set (handles.figJitter3,’ Handl eVisibility', off’);
end
end % while interrupted
% end of acquire_instrunent

Again, much of this code is borrowed from jitter2.m. However, this
function implements more features and checks for error conditions so
it fails more gracefully. In particular, this code:

a.  Setsup aloop (based on the variable interrupted) that
adds the capability to get either a SINGLE acquisition
(when the user clicks the SINGLE button), or a
continuous RUN acquisition (when the user clicks the
Start button).

b. Usestheisempty MATLAB function to make sure all
the parameters were read from the device before scaling
the data. If not, uses the set MATLAB function to turn
the HandleVisibility property on for handles on the Figure
Window to help prevent overplotting of the previous
plot, so that the message “ Data incorrectly received
from the scope” can be displayed in the title instead of
plotting the waveform. Then the property isturned back
off.
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202

c. Usesthe min and max MATLAB functions to determine
whether to skip the jitter analysis if no edges were found
in the waveform (which would be the case if you are not
using the Waveform Generator program or another
connected source to generate the signal). If none were
found, displays the message “RMSjitter not calculated -
no edges detected.”

d. Activates axesin adifferent way before plotting.
Because axes aready exist, instead of using the subplot
function asin thejitter2.m example, this function calls
the axes MATLAB function with axis handle arguments
(handles.axes1 and handles.axes?2), after which regular
plotting commands are used.

e. Getsthe count of the number of values read when
performing the fread of the waveform, and uses this
count to help calculate and manually set the XLim
property that appears on the Jitter plot’s x axis.

f. Calculates and plots a histogram of thejitter using hist
and barh MATLAB functions, since this form of graph
is frequently used to determine the cause of jitter. It is
plotted on the vertical axis and uses anew feature
introduced in MATLAB 6.0 that enables transparently
overlayed waveforms.

g. Checksthe value of the exportWaveform variable to see
if the Waveform Export check box (on page 202) was
selected. If so, uses the assignin MATLAB function to
export al the waveform variablesto the MATLAB
workspace (which isreferred to as the base).

h. Usesthe drawnow MATLAB function to update the plot.

i. Checksthe current state of the application data
'interrupted’ associated with handles.figJitter3 to seeif
the user has clicked the Stop button yet, in which case
control returns to the Start button function (on page
197). Otherwise, acquisition and processing continues.

The Waveform Export Check Box Function

The Jitter3.m program allows users to export waveforms and many other
parameters to MATLAB workspace for further analysis and visualization.
From the GUI you created, MATLAB automatically generates the following
code stub for the Waveform Export check box:

Y===================================================s================
function varargout = checkboxWavef or mExport(h, eventdata, ...

handl es, varargi n)
% Stub for Callback of the uicontrol handl es. checkboxWavef or nExport .
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This code is called when the user selects the Waveform Export check box on
the user interface. Compl ete the callback function as follows:

1. Insert the following lines after the code stub:

set appdat a(handl es. figJitter3, ExportWaveforni, get(h,’ Value'));

Thisfunction sets the Exportwaveform variable to the Value property
value obtained from the check box identified by handle h.

The Export Instrument Button Function

The Jitter3.m program also includes an Export Instrument button. This
feature exports the instrument object, which enables usersto have interactive
access from the MATLAB prompt to the current connection to the
oscilloscope instrument, while the jitter3.m program remains open.

From the GUI you created, MATLAB automatically generates the following
code stub for the Export Instrument button:

Yg================================================ss==================

function varargout = pushbuttonExport|nstrument_Cal | back(h, ...
eventdata, handles, varargin)

% Stub for Callback of the uicontrol

% handl es. pushbut t onExport | nstrunent.

This codeis called when the Export Instrument button is clicked on the user
interface. Compl ete the callback function asfollows:

1. Insert the following lines after the code stub:

g = getappdata(handl es.figJditter3, instr’);
assignin(’base’,’instr’,g);
di sp(’ I nstrunment object exported to workspace as instr’)

This code:

a. Usesthe getappdata MATLAB function to access the
instrument object made available by the setappdata
function.

b. Usesthe assignin MATLAB function to export the
instrument object to the MATLAB workspace.

c. Usesthedisp function to display the message
“Instrument object exported to workspace asinstr.” in
the MATLAB command window. Users can access the
object on the MATLAB command line by typing the
variable name instr with any ICT function.

2. Click the Save to Disk icon from the toolbar, type jitter3.m
and click OK.

Figure 51 showsthe first page of the completed jitter3 function.
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Figure 51: First page of completed jitter3 example in MATLAB
Testing the Improved Solution
To test the completed GUI:
1. Close all Figure Windows before running the jitter3
application.
2. Inthe Command Window, type
jitter3
Thejitter3.fig file is opened for user input.
3. Select TekVISA - Scope from the pop-up menu in the Figure
Window.
4. Click the CONNECT button in the Figure Window.
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5. Click the SINGLE button in the Figure Window to acquire
waveform data using the default input values.

MATLAB gets awaveform and updates both plotted graph solutions
along with the information displayed in their titlesin the Figure
Window, as shown in Figure 52.

6. Select the Waveform Export check box.

7. Change the valuesin the edit boxes for Symbol Rate,
Record Length, Threshold, and Hysteresis.

8. Click the Start button in the Figure Window to acquire
waveform data using the new values.

MATLAB gets awaveform of the specified length continuously, and
updates both plotted graph solutions at regular intervals, along with
the information displayed in their titles in the Figure Window.

9. Click the Stop button in the Figure Window to stop data
acquisition.

Data acquisition stops, and the waveform and associated parameters
are exported since the check box was sel ected.

10. In the Command Window, type whos to verify that the
following variables are accessible from the MATLAB
workspace:
waveform
measuredtime
jitter
clocks
a
b
measuredAverageSymbolRate
samplelnterval

11. Click the Export Instrument button in the Figure Window to
export the instrument object to the MATLAB workspace.

The message “Instrument object exported to workspace as instr”
appears on the MATLAB command line.

12. In the Command Window, type the following to verify that
the instrument object is accessible from the MATLAB
workspace:
instr

MATLAB displays the instrument properties.
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Figure 52: The plotted graph solutions for jitter3 in the MATLAB Figure Window

Chapter 8 Review
To review what you learned in Chapter 9:

* You can use the Instrument Control Toolbox included in
MATLAB 6.1 to communicate between Tektronix
Windows-based oscilloscopes and MATLAB programs.

e You can use the guide utility, which isincluded in
MATLAB 6.1, to design your own graphical user interfaces
and add them to MATLAB functions.

e You can use thejitter2 and jitter3 programs described in this
chapter as templates for inserting waveform datainto other
MATLAB programs, with or without a GUI interface.

e You can use thejitter3 program as a useful and timesaving
way to open an instrument and export it to the MATLAB
workspace, regardless of the type of analysis being
performed.
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Introduction

Chapter 9:
LabWindows/CVI and
LabVIEW

Using Tektronix Plug-n-Play Drivers with
LabWindows/CVI and LabVIEW

Introduction

New Plug-n-Play drivers from Tektronix enable communication between
your Windows-based oscilloscope and popular programming environments.
Now you can easily incorporate these Plug-n-Play driver functionsinto
programs that you build using LabWindows/CV1 and LabVIEW, two popular
test-automation packages from National Instruments.

Although this chapter focuses on oscilloscope connectivity in the
LabWindows/CV1 and LabVIEW environments, you can also use these PnP
driversin other environments such as Visual Basic 6.0, Visua C++ 6.0, and
HP-VEE.

Caution: Tektronix recommends that you use LabVIEW and
LabWindows/CVI on an external PC to control your Tektronix
Windows-based oscilloscopes. However, if you want to run
LabVIEW and LabWindows/CV1 directly on your oscilloscope, first
call aTektronix Technical Support Representative for assistance.

Tektronix Plug-n-Play Drivers

Tektronix VXI Plug-n-Play compatible drivers can be used on a PC to
control your oscilloscope. The driver for controlling each type of
oscilloscope includes a function panel (.fp), header (.h), source (.c), Dynamic
Link Library (DLL), and help (.hlp) file.

Each driver consists of a number of functions that mirror the knobs and
controls on your oscilloscope and the menu sel ections on your oscilloscope
software. These software functions can set up, communicate with, acquire
data from, and otherwise control features of your oscilloscope. Y ou can call
the run-time functions from the test programs you write.
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Use the Installation program on your product software CD to install the Plug-
n-Play driver files on your PC. To find out more about using the Plug-n-Play
driver functions, consult the online Plug-n-Play driver Function Reference
Help file for your oscilloscope Series. Figure 53 shows a sample page from
the Function Reference Help file for the TDS/CSA 8000 Series
Oscilloscope.Y ou can invoke this Windows online help or a PDF version of
it from the Start menu by selecting Start > Programs >VXIpnp and choosing
the desired version.?

tant Hemours luncdons srsdanibdesd b e @xdendsd orate, dodsB0_mess ™~

el tegiris Deisirac it all v TOSACEAS000 usdio i Mafatisich by chads, Chih o & Iunelas Shirks T &
e O D] eI O Tl S

4l | o
Figure 53: Plug-n-play Driver Help file for TDS/CSA8000 Series oscilloscopes

Overview of LabWindows/CVI

LabWindows/CV1 is an interactive ANSI C environment devel oped by
National Instruments. The LabWindows/CVI/CVI environment alows you to
create virtual instruments on personal computers that communicate with real
instruments via communications interfaces. Widely used for devel oping data
acquisition and instrument control software, LabWindows/CVI comeswith a

208

® Assuming you are installing on the C: drive on a Windows 98 system, the tktds8k.hlip file is located in
C:\VXIpnp\Win95\Tktds8k\. On a Windows NT system, the tktds8k.hlp file is located in
C:\WXIpnp\WinNT\Tktds8k\. You can invoke the help file from that directory.
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complete set of 1/0 and instrumentation libraries, user interface tools, and
mathematical analysislibraries.

Using Tektronix Plug-n-Play Drivers with LabWindows/CVI

This simple example demonstrates how to use the Tektronix tktdsgk Plug-n-
Play driver functions within LabWindows/CV1 to control the TDS/CSA8000
sampling oscilloscope from a PC running LabWindows/CV1 5.5 and
connected by a GPIB cable to the GPIB slot on the back of the
TDS/CSAB000 oscilloscope. The concepts described here apply to drivers
for any Tektronix Windows-based oscill oscope.

This section assumes you are aready familiar with the LabWindows/CV |1
C coding environment and have worked with instrument drivers before.

Table 38 summarizes the TDS/CSA 8000 PnP driver functions used in this
book.

To work this example, you will first need to load the PnP driver for your
oscilloscope.

Loading the Driver

Toinstall the Plug-n-Play driver, you must unzip the tktds8k PnP driver and
run the setup.exe program. This program places afolder named VXlpnp in
your root directory.

After installing the driver, there are two ways to incorporate a Tektronix
Plug-n-Play driver into your LabWindows/CV I program.

Note: It is not necessary to install TekVISA on your PC to work this
example, since LabWindows/CVI comes with its own NI-VISA
implementation already installed. Installing TekVISA will overwrite
your NI-VISA implementation. The Plug-n-Play drivers are layered
to work with either VISA implementation.

Load from the Instrument Menu
One way to load a Tektronix plug-n-play driver into LabWindows/CVI is
from the Instrument menu:

1. Insidethe LabWindows/CVI environment, choose
Instrument > Load...

2. Browseto the disk location where plug-n-play drivers have
been installed, and select the instrument driver file (with an
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3.

fp extension) for the oscilloscope you are working on. For
the TDS/CSA 8000 oscilloscope, thisfile is tktds8k.fp.*

LabWindows/CVI compiles the driver source code and makes the
driver library and its functions avail able under the Instrument menu.

To view the driver library functions, select the driver library
from the Instrument menu (in this case, you would select
TDS 8000 Series Oscilloscope...)

Asyou can see, alarge number of Plug-n-Play functions are
available for you to select and incorporate into your
LabWindows/CV1 program.
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4. To see how to select afunction, choose the init function and
click Select.

* Assuming you are installing on the C: drive on a Windows 98 system, the driver is placed in

C:\VXIpnp\Win95\Tktds8k\. On a Windows NT system, the driver is placed in

C:\WXIpnp\WinNT\Tktds8k\. The VXIpnp folder is created only if it does not already exist.
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A graphical screen similar to the following appears, prompting you
for fields to complete the syntax:

TS BN Surins Oscillloscops - Instializs

kbdmk_init ("GPIHE::L::IRSTR®, IHIT_DO_QUERY. [HIT_DIN_RESEF

LH

5. Right-click the graphical screen to get help with the syntax

of the function.

A Function help screen appears similar to the following:

'The 1nitialize comsnd openE & commcnicstion chanasl to the
instrussnt. [t retuorn® & hendle which i ussd to Ldeatily che
poEEunications ohannel for all other driver funoticoas.

6. Click on one of the controlsin the graphical screen and press

ViBroleas ID Qoary,
ViBeolwan Pt _[evics,

ViPSeazica lnstruasnt_Handle);

F1 to get help with an individual field.
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A Control help screen appears similar to the following:

Contond Mane I ey
D Twpe  ViBoolesn

Llmm thim mwiick to perfore cr act to perfosm  an LD guery @t 'hnd
instrument. [D query werifies that the model code and

manufacture [0 of the instrumest beitd connoedtied to BsSTobes tha
madel code asd manufacture ID Lla the @aufce code for this

driver.

Wl s |
IMIT_DO_(JUERY = 1
IHIT_SEIP_QUERY = 0

Earcion Heip. | figre |

Open from the File Menu
Another way to incorporate a Tektronix Plug-n-Play driver into your
LabWindows/CV1 program isto open it from the File menu:

1. Inside the LabWindows/CVI environment, choose File >
Open > Function Tree (*.fp)...

_lol =
mﬁmmnuhmnnmmmxmﬂnmw

Haw |2l st o
N oo ool 2
Ohpan Gucked et Cobl  include {"h..
LUser interiace (~uir}..,

S Propeet (7. p)...
Save As..
Save Copy A,
Close G

2. Browseto the disk location where plug-n-play drivers have
been installed, select the instrument driver file (with an .fp
extension) for the oscilloscope you are working on, and add
it to your LabWindows/CV| project. For the TDS/CSA 8000
oscilloscope, thisfile is tktds8k.fp.

LabWindows/CVI compiles the driver source code and automatically
adds the driver into the LabWindows/CV | design environment.
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Note: If you wish, open the driver source and include files and
add them to your project, so you can view driver function
parameters more easily while developing. In the case of the
TDS/CSAB000 oscilloscope, these source files are tktds8k.c
(located in the same subdirectory as the help file) and tktds8k.h
(located in the\include subdirectory).

Building the Interface

This Measurement Capture example uses atimer control to periodically
capture a specified measurement and place the valuein alist box. The timer
interval may be adjusted by adia control. Because the target oscilloscopein
this example is a TDS/CSAS8000 oscilloscope, the example listsits eight
possible measurementsin the left-hand list box (Meas1 to Meas8). The
values of the measurement selected in the left-hand list box are placed in the
right-hand list box at the interval specified in the dial control. Measurements
are made until the user clicks the Stop button or until 1000 measurements
have been taken. Figure 54 shows the Measurement Capture interface at
design time.
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Figure 54: The Measurement Capture program interface at LabWindows/CVI design
time

To design thisinterface:

1. Select File > New > User Interface to create anew user
interface file with a blank panel.

2. Insert controls onto the panel by making selections from the
Create menu, as shown in Figure 55.
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Figure 55: Adding controls to a LabWindows/CVI panel

3. Double-click each control to access the edit attributes dialog
menu for that control.

A dialog box appears for editing its attributes, as shown in Figure 56.

L it Mumieaie Ll

Figure 56: Dialog box for editing attributes of the Dial control in LabWindows/CVI
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Table 32 shows the relevant attributes of controls that appear on the
Measurement Capture panel in LabWindows/CVI. Constant names are
underlined in the table to help distinguish them from labels, which appear on
the panel and affect how the panel 1ooks, but are not typically referenced in
the code. Most of the attributes shown in the table are ones you must change
from their default values.

Table 32: Relevant attributes of controls that appear on the Measurement Capture
panel in LabWindows/CVI

Control Attribute Change to
Panel Panel Title Measurement Capture
Callback HandlePanel
Function
Constant PNLMEAS
Name
Numeric Dial Label Second Intervals
Callback TimerInterval
Function
Constant TINTERVAL
Name
Range Values
Minimum .50
Maximum 5
Increment .25
Timer Label Untitled Control
(no change)
Callback ProcessTimer
Function
Constant TIMER
Name
Interval .50
Enabled False (Unchecked)
Button Label _Start
Callback cmdStart
Function
Constant CMDSTART
Name
Button Label _Stop
Callback cmdStop
Function
Constant CMDSTOP
Name
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Control

Button

List Box

List Box

String

Getting Help

Attribute
Label

Callback
Function

Constant
Name

Label

Constant
Name

Control Mode
Visible Lines
Label

Constant
Name

Control Mode
Visible Lines
Label

Constant
Name

Control Mode

Change to
_Exit

cmdExit

CMDEXIT

Measurements
LSTMEAS

Normal

8

Measurement Values
LSTVALUES

Normal

8

Status:
LBLSTATUS

Normal

To find out more about designing and coding programsin LabWindows/CV 1,
consult the Help file. The section on the User Interface Library is particularly
useful, as shown in Figure 57.
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Figure 57: Page from the LabWindows/CVI Help file

The LabWindows/CVI manual aso includes a helpful tutorial entitled
Getting Sarted with LabWindows/CVI.

Modifying Auto-Generated Functions

Most programmers choose to automatically generate the callback functionsin
the LabWindows/CV | user interface design environment. To auto-generate
skeleton code for your interface:

1. Select Code > Generate > All Code...
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2. From the pop-up dialog box, select the function that will
close the user interface (the cmdExit function in this case)
and click OK.

The LabWindows/CV1 UIR Code Generator generatesamain
function, a panel callback function, and callback functions for each
of the hot controls with assigned callback function names.

Now you are ready to edit the generated functions that implement
initiali zation and respond to user events (such as clicking on
buttons).

3. Add the definitions shown in boldface to the auto-generated
include statements and declarations:

#i ncl ude " Tkt ds8k. h"
#i ncl ude <formatio. h>
#i ncl ude <ansi _c. h>
#i ncl ude <cvirte. h>
#i ncl ude <userint. h>
#i ncl ude "Denpl. h"

#define TRUE 1
#defi ne FALSE 0

static int pnlneas;
doubl e rTinerlnterval;
int ret, counter = 0;
Vi St at us st at us;

Vi Session | D;

int StartFlag = FALSE;
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Thefirst page of the program in the Code Window appears as shown

in Figure 58.

B <1 D emaDemal.:

Eie Edit View Buld Bun |nstrument Library Tools \Window Oplions
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static int pnlmsas;
double rTimsrIinterual;
imt ret, counter = B;
UisStatus stabus;
UiSession ID;

int StartFlag = FALSE:

int main (int arge, char =argu]])
i f¢ stamdard code generated by Labdindows
if (InitCUIRTE (8. argu. @) == @)
return =1; /= out of memory =/
if ((pnlmess = LoadPanel (8. “Demal . wir™, PHNLMEAS)) < B)
return =1;
DisplayParel (pnlmeas);
AunUgerInterface |):
DiscardPanel (pnlmeas);
return 8;

} -
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Figure 58: The LabWindows/CVI Code Window

The Main Function

From the GUI you created, LabWindows/CV | automatically generates the

following commented code, which accepts a variable number of arguments:

int main (int argc, char *argv[])
{ /|l standard code generated by LabW ndows
if (InitCVI RTE (0, argv, 0) == 0)
return -1; /* out of nenory */
if ((pnlmeas = LoadPanel (0, "Dempl.uir", PNLMEAS)) < 0)
return -1;
Di spl ayPanel (pnl neas);
RunUser I nterface ();
Di scardPanel (pnl nmeas);
return O;
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The main function calls the LabWindows/CV | routines to
* Load the Panel and bind it to the constant name PNLMEAS
» Digplay the Panel
e Launch the process for running the user interface
» Discard the Panel after the user closesit.

Y ou do not need to make any changes to this automatically generated code
block.

The Panel Handler Function

The HandlePanel callback function executes when the Panel user interface
gets focus. Compl ete the automatically generated skeleton code for the Panel
user interface by adding the lines shown in boldface:

int CVI CALLBACK Handl ePanel (int panel, int event, void *call backDat a,
int eventDatal, int eventData2)

{ char buf[128];
char hol d[ 30] ;
char *item= "Meas "
int i;

switch (event)

case EVENT_GOT_FOCUS:
/1 clear neasurenent panel
ret = CearListCrl (pnlneas, PNLMEAS_LSTMEAS);
/] populate list box with neasurenents for TDS/ CSA8000
for(i =1; i <= 8; i++){
Fnt (hol d, "%<% ", i);
buf[0] = "\0";
strcat (buf, iten);
strcat (buf, hold);
ret = InsertListltem (pnlneas, PNLMEAS_LSTMEAS,
-1, buf, counter);
}
// set index value to Measl
ret = SetCtrl | ndex(pnl neas, PNLMEAS_LSTMEAS, 0);
br eak;
case EVENT_LOST_FOCUS:

br eak;
case EVENT_CLOSE:

br eak;

return O;

}

The HandlePanel event function:
*  Executes when the Panel getsfocus
e Clearsthe LSTMEAS list box

* Populatesthe LSTMEAS list box and sets the index to point
to the first measurement
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The Start Button Function

ThecmdSTART code is called when a user clicks the Start button on the user
interface. Compl ete the automatically generated skeleton code for the Start
button by adding the lines shown in boldface:

int CVI CALLBACK cndSTART (int panel, int control, int event,
voi d *cal | backData, int eventDatal, int eventData2)

{ char | nstDesc[128];
char buf[256] ;
char *intro = "Connected to:
int n;

switch (event)

{
case EVENT_COWM T:
/'l reset counter variable
counter = O;
// indicate to user we are connecting to scope
ret = SetCtrl Val (pnl neas, PNLMEAS_ LBLSTATUS,
"Connecting to first scope found...");
I/ clear measurenment values |ist box
ret = CearListCrl (pnlneas, PNLMEAS LSTVALUES);
/'l connect
status = tktds8k_aut oConnect ToFirst (& D);
if (status >= VI_SUCCESS)
// display instrument description to user once connected
ret = tktds8k_GetlnstrDesc (ID, |nstDesc);
buf[0] ="\ 0" ;
strcat (buf, intro);
strcat (buf, | nst Desc) ;
/1 enable tiner and change StartFl ag
ret = SetCtrl Val (pnl neas, PNLMEAS_LBLSTATUS, buf);
ret = SetCtrl Attribute(pnl neas, PNLMEAS_TI MER,
ATTR_ENABLED, TRUE) ;
StartFl ag = TRUE;
br eak;
}
return O;

}
The cmdSTART function
* Resetsthe counter variable

e Usesthe autoConnectToFirst function in the TDS/CSA8000
plug-n-play driver library to automatically connect to the
first GPIB device encountered (the next section describes
how to insert adriver function into your code)

* Usesthe GetlnstrDesc function in the TDS/CSA8000 plug-
n-play driver library to retrieve the instrument description
for display in the LBLSTATUS status label

* Setsthe StartFlag to TRUE

e Changesthe Enabled attribute of the Timer control to TRUE.
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Inserting a PnP Driver Function into LabWindows/CVI Code
Toinsert a TDS/CSAB000 plug-n-play driver function into the
LabWindows/CV I source code:

1. Position the cursor in the code where you want to insert the
function.

2. From the Instrument menu, select TDS 8