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@ Note Class exercises that use the Thermometer VI use the (Demo) Thermometer VI in
the solutions. The (Demo) Thermometer VI is in the basicsl.11lb.

C. Installing the Course Software

Windows

Macintosh

Complete the following steps to install the LabVIEW Basics I course
software.

1.

2.

3.
4.

1.

Copy the basics1.11b file from course disk 1 to the
labview\user.1lib directory. After you start LabVIEW, the contents
of this directory are located on the Functions»User Libraries palette.

Extract the contents of nidevsim. zip to the labview\instr.1lib
directory. After you start LabVIEW, the NI DevSim instrument driver is
located on the Functions»Instrument I/O»Instrument Drivers
palette.

Copy the LV Basics I directory to the c: \exerciseswqory

(Optional) Double-click bas1soln. exe to 1@@@ ions to all
exercises in the c: \solutions éﬁ n directory.

ml 11bﬁﬁ %&%skltotheuser 1lib folder

h labv1 ew d1 you start LabVIEW, the contents of this

P ( e \e dlrect‘m n the Functions»User Libraries palette.

UNIX

LabVIEW Basics | Course Manual

het

4,

2.

s computer, unzip the contents of the nidevsim. zip file.
Copy the resulting directory to the labview: instrlib directory.
After you start LabVIEW, the NI DevSim instrument driver is located
on the Functions»Instrument I/O»Instrument Drivers palette.

Copy the LV Basics I directory to the exercises folder.

(Optional) On a Windows computer, extract the contents of
baslsoln.exe and copy them to your hard drive to an appropriate
folder to install the solutions to all exercises.

Log in as a superuser.
Make sure the course disks are not write protected.

Mount course disk 1 and copy the basics1.11b file to the
/labview/user.lib directory. After you start LabVIEW, the
contents of this directory are located on the Functions»User Libraries
palette.
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F. Course Conventions

»

italic

monospace

prev!

Platform

right-click

The following conventions appear in this course manual:

The » symbol leads you through nested menu items and dialog box options
to a final action. The sequence File»Page Setup»Options directs you to pull
down the File menu, select the Page Setup item, and select Options from
the last dialog box.

This icon denotes a tip, which alerts you to advisory information.
This icon denotes a note, which alerts you to important information.

This icon indicates that an exercise requires a plug-in GPIB interface or
DAQ device.

Bold text denotes items that you must select or click in the software, such as
menu items and dialog box options. Bold text also denotes parameter names,
controls and buttons on the front panel, dialog boxes, sectio dialog
boxes, menu names, and palette names. \ri

Italic text denotes variables, en%? \@f’erence or an introduction
text

to a key concept. This fy @t is a placeholder for a word

or value that 6mt

Q&@\"A this font deno Q'Sracters that you should enter from the
eyboa

cgg e, programmmg examples, and syntax examples.
This él sed for the proper names of disk drives, paths, directories,
programs, subprograms, subroutines, device names, functions, operations,

variables, filenames and extensions, and code excerpts.

Text in this font denotes a specific platform and indicates that the text
following it applies only to that platform.

(Macintosh) Press <Command>-click to perform the same action as a
right-click.

© National Instruments Corporation SG-7 LabVIEW Basics | Course Manual
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Lesson 1
Introduction to LabVIEW

I

]

This lesson introduces the basics of LabVIEW.
You Will Learn:

A. What LabVIEW is

B. What a virtual instrument (VI) is O \)\4
C. About the LabVIEW env1roné1§@_&gg‘wmdows menus,

and tools

Abo tthéﬂﬁﬁlp opti 3%8
preV ‘e\Né a0e
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Lesson 1 Introduction to LabVIEW

Block Diagram Toolbar
When you run a VI, buttons appear on the block diagram toolbar that you
can use to debug the VI. The following toolbar appears on the block
diagram.

@IE ||,,uil'u"uj | 13pt Application Font |v.|| ;mvﬂfu:v”fg'hl

Click the Highlight Execution button to see the flow of data through the
block diagram. Click the button again to disable execution highlighting.

Click the Step Into button to single-step into a loop, subVI, and so on.
Single-stepping through a VI steps through the VI node to node. Each node
blinks to denote when it is ready to execute. By stepping into the node, you
are ready to single-step inside the node.

IE Click the Step Over button to step over a loop, subVI, and so on. By
stepping over the node, you execute the node without single—swmg
through the node. O

IE Click the Step Out button to st subVI and so on. By
stepping out of a node, 6% gle stepping through the node and
go to the next n g

éw g button AZ% @X t}gr)e is a potential problem with the

e\, \ ock diagra ot stop the VI from running. You can enable the

P ( War @by selecting Tools»Options and selecting Debugging
from tlie top pull-down menu.

Shortcut Menus
The most often-used menu is the object shortcut menu. All LabVIEW
objects and empty space on the front panel and block diagram have
associated shortcut menus. Use the shortcut menu items to change the look
or behavior of front panel and block diagram objects. To access the shortcut
menu, right-click the object, front panel, or block diagram.

(Macintosh) Press the <Command> key and click the object, front panel,
or block diagram.

Menus

The menus at the top of a VI window contain items common to other
applications, such as Open, Save, Copy, and Paste, and other items specific
to LabVIEW. Some menu items also list shortcut key combinations.

(Macintosh) The menus appear at the top of the screen.

© National Instruments Corporation 1-9 LabVIEW Basics | Course Manual



Lesson 1 Introduction to LabVIEW

application or reuse those parts in the same or other applications. For
example, this subVI simulates the action of a Fluke multimeter, but you
can modify this VI to control an instrument.

9. Select File»Close to close the front panel for the Demo Fluke 8840A VI.

10. Do not close the Frequency Response VI, because you will use it in
Exercise 1-2.

End of Exercise 1-1

© National Instruments Corporation 1-17 LabVIEW Basics | Course Manual



Lesson 2  Creating, Editing, and Debugging a VI

Aligning and Distributing Objects
To align a group of objects along axes, select the objects you want to align
and select the Align Objects pull-down menu on the toolbar. To space
objects evenly, select the objects and select the Distribute Objects
pull-down menu on the toolbar.

Copying Objects between Vs or from Other Applications

You can copy and paste objects from one VI to another by selecting
Edit»Copy and then Edit»Paste. You also can copy pictures or text from
other applications and paste them on the front panel or block diagram. If
both VIs are open, you can copy selected objects between VIs by dragging
them from one VI and dropping them on another VI.

Coloring Objects

You can change the color of many objects but not all of them. For example,
block diagram terminals of front panel objects and wires use specific colors
for the type and representation of data they carry, so you cannot change

them. u\(

Use the Coloring tool and right- chck a ga pace to add or
change the color of front panel ront panel and block diagram
workspaces. You also def lfrplors for most objects by
selectln% (}@ and sel t1 rom the top pull-down

P ( e\, \Qou a@ ﬁez 5panel objects transparent to layer them. Right-click
C

an obj oloring tool and select the box with a T in it to make an
object transparent.

© National Instruments Corporation 2-15 LabVIEW Basics | Course Manual



Lesson 2  Creating, Editing, and Debugging a VI

The Not function inverts the value of the Boolean switch A and passes
the value to the round LED.

14. Right-click the lower left terminal of the Multiply function and select
Create»Constant from the shortcut menu to create a numeric constant,

5.00
shown at left.
15. Type 5 in the textbox and click the Enter button on the toolbar.
16. Use the Wiring tool, shown at left, and the following techniques to wire

preV!

@

the block diagram:

Select Help»Show Context Help to display the Context Help
window. Use the Context Help window to determine which
terminals are required. Required terminals are bold, recommended
connections are plain text, and optional connections are gray.

To identify terminals on the nodes, right-click the icon and select
Visible Items»Terminal from the shortcut menu to display the
connector pane. When wiring is complete, right-click the connector
pane and select Visible Items»Terminal from the shortcut menu to
remove the checkmark. “\(

To add a branch to a wire, click the‘o@w@gﬁe wire where you
want to start the branch

To cancel a wir press tlgEsc» key, right-click, or

%ﬁﬁ er 1n ?)
le e»Save a et

ﬁl a@@t &el by chcklng it or by selecting Window»Show

19. Use the Operating tool to change the value of the front panel controls.
20. Click the Run button on the toolbar to run the VI.
21. Select File»Close to close the VI.

End of Exercise 2-2

© National Instruments Corporation
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Lesson 2  Creating, Editing, and Debugging a VI

Display the front panel by clicking it or by selecting Window»Show
Panel.

6. Click the Run button to run the VI several times.

Select Window»Show Diagram to display the block diagram.

8. Animate the flow of data through the block diagram.

03]

preY

a. Click the Highlight Execution button, shown at left, to enable
execution highlighting.

b. Click the Step Into button, shown at left, to start single-stepping.
Execution highlighting shows the movement of data on the block
diagram from one node to another using bubbles that move along the
wires. Nodes blink to indicate that they are ready to execute.

c. Click the Step Over button, shown at left, after each node to step
through the entire block diagram. Each time you click the Step Over
button, the current node executes and pauses at the next node, which
is ready to execute.

Data appear on the front panel as you step through t . The VI
generates a random number and multlphe l@l e subVI
adds 100. 0 and takes the squareg- ]‘cLl

ram blinks, click the Step Out

d. When the outline
button, s v;& S%% ping through the Debug

\e\Nn “tep throu ’&_VIQd its subVI.

P Into button to start single-stepping.

b. *When the Debug Exercise (Sub) VI blinks, click the Step Into
button. The following block diagram appears.

Final A esult

100.0

FITT,
n:ﬁ

© National Instruments Corporation

c. Display the Debug Exercise (Main) VI block diagram by clicking it.
A green glyph, shown at left, appears on the subVI icon on the
Debug Exercise (Main) VI block diagram, indicating that it is in
single-step mode.

d. Display the Debug Exercise (Sub) VI block diagram by clicking it.

e. Click the Step Out button twice to finish single-stepping through the
subVI block diagram. The Debug Exercise (Main) VI block diagram
is active.

f. Click the Step Out button to stop single-stepping.

2-23 LabVIEW Basics | Course Manual



Lesson 2 Creating, Editing, and Debugging a VI

10. Use a probe to view data as it flows through a wire.

a. Use the Probe tool, shown at left, to click any object. The following
window appears.

iE [1]1 Probe
[11Probe
0.0000E +0

The number in the titlebar of the Probe window matches the number
on the block diagram where you placed the probe.

b. Single-step through the VI again. The Probe window displays the
data as they flow through each wire segment.

11. Place breakpoints on the block diagram to pause execution at that

location.

a. Use the Breakpoint tool, shown at left, to click nodes or wires.
Clicking the block diagram workspace is analogous to a break on the
first line. ¥

b. Click the Run button to run the V1. he VI at reakpoints
you set. .

IE c. Click the ConhN wan at % to continue running the V1.

tool to kpoints you set and remove

% r§akp
\e\Nlck thaew r;tutlon button to disable execution highlighting.

P ( e 13. S@ lose to close the VI and all open windows.

End of Exercise 2-3

LabVIEW Basics | Course Manual 2-24 ni.com



Lesson 2  Creating, Editing, and Debugging a VI

* To add items quickly to ring controls and Case structures, press the
<Shift-Enter> keys after each item. Pressing <Shift-Enter> accepts the
item and positions the cursor to add the next item.

* To copy the color of one object and transfer it to a second object without
using a color picker, use the Color Copy tool to click the object whose
color you want to copy. Use the Coloring tool to click the object to which
you want to apply the color. You also can copy the color of one object
by using the Coloring tool and pressing the <Ctrl> key.

* Select Edit»Undo if you make a mistake.

* To create more blank space on the block diagram, press the <Ctrl> key
while you use the Positioning tool to draw a rectangle on the block
diagram.

Wiring
* Select Help»Show Context Help to display the Context Help window.
Use the Context Help window to determine which terminals are

required. Required terminals are bold, recommended co ions are
plain text, and optional connections are gray.

* Press the spacebar to toggle the *@mc

*  You can bend a wir Q ack e wire down and moving the
cursor in m rect10 down a wire and break it,

A

‘ 1 Tack down a wire by clicking 2 Tack and break the wire by double-clicking

* To show dots at wire junctions on the block diagram, select
Tools»Options and select Block Diagram from the top pull-down
menu.

* To move objects one pixel, press the arrow keys. To move objects several
pixels, press the <Shift> key while you press the arrow keys.

* To cancel a wire you started, press the <Esc> key, right-click, or click
the source terminal.

© National Instruments Corporation 2-27 LabVIEW Basics | Course Manual



Lesson 2 Creating, Editing, and Debugging a VI

Notes
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Lesson 3  Creating a SubVI

Summary, Tips, and Tricks

* A VI within another VI is called a subVI. Using subVIs helps you
manage changes and debug the block diagram quickly.

After you build a VI front panel and block diagram, build the icon and
the connector pane so you can use the VI as a subVL.

The connector pane is a set of terminals that corresponds to the controls
and indicators of that VI. Define connections by assigning a front panel
control or indicator to each of the connector pane terminals.

Create custom icons to replace the default icon by double-clicking the
icon in the upper right corner of the front panel.

In the Icon Editor dialog box, double-click the Text tool to select a
different font.

You can designate which inputs and outputs are required, recommended,
and optional to prevent users from forgetting to wire subVI connections
by right-clicking a terminal in the connector pane and seleggting This
Connection Is from the shortcut menu.

.
Document a VI by selecting File»V tiss’and selecting
Documentation from the -down menu. When you move

the cursor over Onte window displays this
1ndi ates wh1 e required, recommended,

desc&?
P ( e\, \ Add descp stnps to controls and indicators by

m and selecting Description and Tip from the
sh tcut menu. When you move the cursor over controls and indicators,
the Context Help window displays this description.

* Convert a section of a VI into a subVI by using the Positioning tool to
select the section of the block diagram you want to reuse and selecting
Edit»Create SubVI.

© National Instruments Corporation 3-17 LabVIEW Basics | Course Manual
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Notes
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Lesson 4 /[
Loops and Charts W

—

N

Structures are graphical representations of the loops and case statements of
text-based programming languages. Use structures in the block diagram to
repeat blocks of code and to execute code conditionally or in a specific
order. LabVIEW includes five structures—the While Loop, For Loop,
Case structure, Sequence structure, and Formula Node.

This lesson introduces the While Loop, For Loop,@@e.“eform chart

and shift register. e .
So
You Will Learn: " ot ~QQ

YO o =i
'\e\m‘)w 0( use a Whi@%p O
B. H?ta@gdata in a waveform chart

C. Wiat a shift register is and how to use it

preY

D. How to use a For Loop

© National Instruments Corporation 4-1 LabVIEW Basics | Course Manual



Lesson 4 Loops and Charts

A. While Loops

prev'e

<]

LabVIEW Basics | Course Manual

Similar to a Do Loop or a Repeat-Until Loop in text-based programming
languages, a While Loop, shown at left, executes a subdiagram until a
condition is met. You place a While Loop on the block diagram by first
selecting it on the Functions»Structures palette.

Then use the cursor to click-and-drag a selection area around the code you
want to repeat. When you release the mouse button, a While Loop boundary
encloses the code you have selected as shown in the following block
diagram.

llieratior Mumbed E nable
sz ]

! |
| |

|
: o
| i |
| |

|
! |

------------------ cO \)\4
The completed While Loop is i(ég \a)u can add additional block
dr

diagram elements to th l@ ag@g and dropping them inside

the bour-?lary m
pal© e
lteration @ Conditional
Terminal - Terminal

The While Loop executes the subdiagram until the conditional terminal, an
input terminal, receives a specific Boolean value. The default behavior and
appearance of the conditional terminal is Continue If True, shown at left.
When a conditional terminal is Continue If True, the While Loop executes
its subdiagram until the conditional terminal receives a FALSE value. The
iteration terminal (an output terminal), shown at left, contains the number of
completed iterations. The iteration count always starts at zero. During the
first iteration, the iteration terminal returns 0.

A While Loop is equivalent to the following pseudo-code:
Do

Execute Diagram Inside the Loop (which sets the
condition)

While the condition is TRUE

4-2 ni.com



Lesson 4 Loops and Charts

Exercise 4-3 Auto Match

Objective: To pass data out of a While Loop through a tunnel.

Build a VI that generates random numbers until the number generated
matches the specified number. The loop count terminal records the number
of iterations before a match occurs.

Front Panel
1. Open a new front panel.

2. Build the following front panel. Modify the controls and indicators as
shown and described in this exercise.

Hurnber to Match Current Murnber
- -
*digital contral® *digital indicatar*
Data Range Precizion =0
ki =0 “»

Max = 10000

Inc =1 \ f '@Q .
Default = EEI %
Out of Ban Sa Eaa
Precizion = ital indicatar®
" 8 izion = 0
e\, \e\%Le Num bpo ntrol specifies the number you want to match.

umber indicator displays the current random number.
rations indicator displays the number of iterations before a
match.

Setting the Data Range
The Data Range option prevents you from setting a value that is not
compatible with a preset range or increment. You can ignore the error or
coerce it to within range. Complete the following steps to set the range
between 0 and 10, 000 with an increment of 1 and a default value of 50.

3. Right-click the digital control and select Data Range from the shortcut
menu. The Data Range dialog box appears.

© National Instruments Corporation 4-13 LabVIEW Basics | Course Manual



Block Diagram

9.

dren'e

© National Instruments Corporation

Lesson 4 Loops and Charts

Build the following block diagram.

Round To Mearest

[

10000.00 Mot E qual?

Increment| [ of iterations

+

MHurnber to Match

| gtarts at 0 =0
increment by 1=

Random Number (0-1) function located on the Functions»Numeric
palette returns a random number between 0 and 1.
Xlétte multiplies

Multiply function located on the Functipns»N

the random number by 10, 000 é er1c constant,

right-click the second function and select

Create»Co ortcu % other words, the function
000.0.

retu‘ number beﬁ%
\N) Neareﬁ ated on the Functions»Numeric palette

round, Q}@do umber between 0 and 10,000 to the nearest whole

Not Equal? function located on the Functions»Comparison palette
compares the random number with the number specified on the front
panel and returns TRUE if the numbers are not equal; otherwise, it
returns FALSE.

Increment function located on the Functions»Numeric palette
increments the While Loop count by one.

The blue square that appears on the While Loop border is called a tunnel.
Through tunnels, data flow into or out of a looping structure. Data pass
out of a loop after the loop terminates. When a tunnel passes data into a
loop, the loop executes only after data arrive at the tunnel.

The loop executes as long as no match exists. That is, the Not Equal?

function returns TRUE as long as the two numbers do not match. Each
time the loop executes, the iteration terminal automatically increments
by one. The iteration count passes out of the loop upon completion. This
value increments by one outside the loop because the count starts at 0.

4-15 LabVIEW Basics | Course Manual



Lesson 5 Arrays, Graphs, and Clusters

@ Note Remember that you must assign a data object to the empty array shell before using
the array on the block diagram. If you do not assign a data object, the array terminal will
appear black with an empty bracket.

Two-Dimensional Arrays
A two-dimensional (2D) array requires two indexes—a row index and a
column index, both of which are zero based—to locate an element. The
example below is an N-row by M-column array, where N=5 and M=7.

0 1 2 3 4 5 6

Five-row by seven-column array ‘U\(

of 35 elements O .
k@ o

ot O 2

\,\ n dimengi {y ay control or indicator, right-click the array
P ( e ind m t Add Dimension from the shortcut menu. The
exa shows a 2D digital control array.

Creating Array Constants

You can create array constants in the block diagram by combining an
array shell with a data object as you would on the front panel. Array
constants are a combination of an Array Constant shell, available on the
Functions»Array palette, and a data constant. The following example
demonstrates how to create a Boolean array constant.

© National Instruments Corporation 5-3 LabVIEW Basics | Course Manual



© National Instruments Corporation

Lesson 5 Arrays, Graphs, and Clusters

In the previous example, the Index Array function extracts a scalar element
from an array. You also can use this function to slice off a row or column
of a 2D array to create a subarray of the original. To do this, wire a 2D array
to the input of the Index Array function. Two index terminals are now
available. The top index terminal specifies the row, and the second terminal
specifies the column. You can wire inputs to both index terminals to index a
single element, or you can wire the row or the column terminal to extract a

row or column of data. The VI below indexes the second row from a 2D
array.

7 3 2 |£EH .":".”EIQ
5] 4] !

5-9 LabVIEW Basics | Course Manual



Lesson 5 Arrays, Graphs, and Clusters

D. Polymorphism

The LabVIEW numeric functions are polymorphic. This means that the
inputs to these functions can be different data structures—scalars and
arrays. For example, you can add a scalar to an array or add two arrays
together. The example below shows some of the polymorphic combinations
of the Add function.

Combination Result

Scalar + Scalar Scalar
Scalar + Array Array
Array + Array Array
Array + Array OAF‘“\‘
\ >4

L WP

In the first comb1nat10n the @&Q’ \In the second combination, the

scalar is added to_each the a @e third combination, each

element ,G{yﬁls added to @eﬁ ng element of the other
esult is calculated like the third

the smaller 1nput array.

|
rth c
P ( e\, \éo 1nat10 @e rray is smaller than the other, the resulting

LabVIEW Basics | Course Manual

arraP

In the following example, each iteration of the For Loop generates one
random number stored in the array created at the border of the loop. After
the loop finishes execution, the Multiply function multiplies each element
in the array by the scaling factor. The front panel indicator then displays the
array.

[Scaled Fandom Aray|

5 caling Factor

5-10 ni.com
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Lesson 5 Arrays, Graphs, and Clusters

zooming features on the palette to see the data on the graph in more
detail. View the scale legend by right-clicking the graph and selecting
Visible Items»Scale Legend from the shortcut menu.

11. With LabVIEW, you can specify a time and date format for numerics

and Graphs. Right-click the waveform graph and select X Scale»
Formatting from the shortcut menu. Change the formatting options as
shown below.

W aveform Armray

B Nowar

*digital indicator array®

W aveform Graph

79.0-] i
07:30:00AM 01:30:00PM 07,
01/15/2000 01,1

U
? ]\@J g the Scale Style to match the style shown above.

b. Change Format to the Time & Date format by clicking the menu
ring.

c. Modify the Time to show the time as HH:MM:SS.

d. Modify the Scaling Factors to have Xo begin at 7:30:00 a.m.
01/15/2000 and AX to increment every 10 minutes (0:10:00.00).

e. Click the OK button to apply your changes.

@ Note The Xo and AX parameters in the X Scale Formatting screen interact with the Xo
and AX from the Bundle function. Change the bundle’s Xo and AX to 0 and 1,
respectively, to match the example. For example:

Bundle Values| Formatting Setup Resultant Graph Settings
Xo 20.0 7:30 10:50 (7:30 + 20 X 10 min.)
AX 0.5 10:00.00 (10 min.) 5 min. (10 min. X 0.5)

© National Instruments Corporation
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Lesson 5 Arrays, Graphs, and Clusters

If you need to modify both Command and Function, you can resize the
Bundle by Name function as shown below.

input clister

Can
New Lammand outpLt cluster
Camrmand H =n

Function
Eundle By Marne

Use the Bundle by Name function when working with data structures that
might change during the development process. If you add a new component
to the cluster or modify its order, you do not need to rewire the Bundle by
Name function on the diagram because the names still are valid.

Disassembling Clusters

The Unbundle function, available on the Functions»Cluster palette, splits
a cluster into each of its individual components. The com %Qare
arranged from top to bottom according to the clus he input
cluster. You can increase the number ‘ y-r 1z1ng the function with

o the Positioning tool or by SJ menu The number of output
terminals for th atch %%r of components on the
Positioning tool
input clﬁvo
\ 50
0
preV pabk > —L e

component -1

Unbundle

The Unbundle by Name function, available on the Functions»Cluster
palette, returns the cluster components that you reference by name. Select a

‘:l.."‘l component by clicking the output terminal using the Operating tool and
selecting a name from the list of components in the cluster. You also can
Operating tool right-click an output terminal and select the component from the Select

Item menu. Because the cluster components are referenced by name, you
can access only the cluster components that have owned labels. The number
of output terminals of the Unbundle by Name function does not depend on
the number of components in the input cluster.

cluster of M narmed
components

ooy [pame 0 —  walue O

-a'ner.ﬂ—_l ------ vatse m-i
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Lesson 6 Case and Sequence Structures

A. Case Structure

You place the Case structure on the block diagram by selecting it from the
Structures subpalette of the Functions palette. You can either enclose
nodes with the Case structure or drag nodes inside the structure.

~~1-IFunctions

. LoCAL

The Case structure is analogous to case statementsor 1f. . . t ...else

statements in conventional, text-based programmin u\g) he Case

structure is configured like a deck of cards i$ visible at a time.
B Each case contains a subdiagram. executes depending on the
f’;';f;g[ value wired to the sele e sele terminal can be numeric,
Boolean, or ype i structure has a True case
and a aﬁ e®1 m r string, the structure can have

\,'\ 3121 cases ,1369
P { e aonl
\/ AND

MNurneric: Control]

" True M

Boolean Control| &

='=-.'=-.-:-,
|laddll__ Default

0, Default

String Caontro

LabVIEW Basics | Course Manual
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Lesson 6 Case and Sequence Structures

Below is an example of a Boolean Case structure. In this example, the
numbers pass through tunnels to the Case structure and are either added or
subtracted, depending on the value wired to the selector terminal. If the
Boolean wired to the selector terminal is True, the VI will add the numbers;
otherwise, the VI will subtract the numbers.

Murmber 1

Mumber 2

'
Below is an example of a hu &ancture In this example, the
numbers pass throu Wﬁ& e Cas re, and are either added or
subtract W@ oh the nume gg d to the selector terminal.
e A O
P ( ev \ a : L '.'.-.-.:.-;:'.n:-.-.::'.:.-.::'.- el

Result
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Lesson 6 Case and Sequence Structures

Exercise 6-1 Square Root.vi
Objective: To use the Case structure.

You will build a VI that checks a number to see if it is positive. If it is, the
VI calculates the square root of the number; otherwise, the VI returns a
message.

A Caution Do not run this VI continuously!

Front Panel

M urnber Square Foot Walue
QE.DD I‘I .1
*digital control® “digital indicator®

-39999.00 indicates an enoil
“free label* ‘ )K
e bU *

1. Open anew VI.

2. Build the front @1&@ %
The_ﬁv@' i al cont e@;& % er. The Square Root Value
r dis

lay of the number if Number is positive.
prev! el pag® iﬁ
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Error...
Megative Mumber

LabVIEW Basics | Course Manual

One Button Dialog function (Time & Dialog palette). In this exercise,
this function displays a dialog box that contains the message
Error...Negative Number.

String Constant (String palette). Enter text inside the box with the
Operating tool. (You will study strings in detail in Lesson 7, Strings and
File 1/0.)

In this exercise, the VI will execute either the True case or the False case.
If the number is greater than or equal to zero, the VI will execute the
True case. The True case returns the square root of the number. The
False case outputs a —99999.0 and displays a dialog box with the
message Error...Negative Number.

Save the VI. Name it Square Root.vi.

7. Return to the front panel and run the VI. Try a number greater than zero

8.

and one less than zero.
Close the VI.

End of Exercise 6-1 u\L
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Block Diagram

HTEIT'F' 4 — [ ] - Bundlel TEITII:I HiStl:lr_'rll .......
[ — B :
00 P man
ﬂTemp .........................................................................
........ D
k-
2\ |[#ait Onti Nest
[i] 500 S [[Tick Muliple | [CZEdf

A
4. Modify the block diagram as shown ﬂ) CO

IE> Greater? functlon ( ‘;ﬁ@ In this exercise, this function
returns a TRU Qe ture exceeds the temperature
you @ 1gh L1m6§tro ise, the function returns a
\N‘Lﬂ 12
Beep V h&s Sound»Sound palette). In this exercise, this VI

ep if the selection terminal of the Case structure receives a

@ Note On the Macintosh, you must provide values for the Frequency, Duration, and
Intensity inputs to the Beep VI.

Notice that there are no icons in the False case of the Case structure. If
the temperature that the Thermometer VI returns is greater than the set
limit, the LED turns on, the VI executes the True case, and a beep
sounds. If the temperature is less than the set limit, the LED turns off,
the VI executes the False case, and there is no beep.

5. Save the VI. Return to the front panel and enter 80 in the High Limit
control. Run the VL.

Place your finger on the temperature sensor. When the temperature
exceeds 80°, the LED will turn on and a beep will sound.

6. Close the VI.
End of Exercise 6-2
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The example below shows a three-frame Sequence structure. A sequence
local in Frame 1 passes the value that the Thermometer VI returns. Notice
that this value is available in Frame 2 (as the arrow pointing into Frame 2
indicates) and that the value is not available in Frame 0 (as the dimmed
square indicates). Keep in mind that the VI displays only one sequence at a
time.

IO O 1 0.2 pPOT] OO 202 pPOC

Thermometer. vi
i-remp
[+] [+]
Ooooooon Ooooooooon Ooooooooon
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Lesson 7 Strings and File I/0

In ‘\’ Codes Display mode, nondisplayable characters appear as a backslash
followed by the appropriate code. A partial list of codes appears in the table
below. (For the complete table, use the Contents and Index (Help menu)
and search on Special Escape Codes Table.) To enter a nondisplayable
character into a string control, type the backslash character \, followed by
the code for the character. As shown below, after you type text in the string

and click the Enter button, any nondisplayable characters appear in
Enter button backslash code format.
String Cantral

{rmy string info |

Backslash code for the New Line character is entered
into a string control, but you cannot see it.

String Control

{nytzstringbainfol |
After shifting the key focus, the display shows x%
the user enters and the New Line 80tﬁ\@i
X OSa

Code NU tabVIW%)retatlon
= p I\B‘ ﬁacksp%S@ S, equlvalent to \08)
\ \& ) e et .
P ( e \s @)a CII SP, equivalent to \20)

P\raé g .

Return (ASCII CR, equivalent to \OD)

\n Newline (ASCII LF, equivalent to \OA)

\t Tab (ASCII HT, equivalent to \09)

The characters contained in LabVIEW string controls and indicators are
represented internally in ASCII format. To view the actual ASCII codes
(in hex), choose Hex Display from the string’s shortcut menu.

String Control String |Indicator
| Labiv|E'w! | |4CF1 B25 4945 57 |
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B. String Functions

LabVIEW has many functions to manipulate strings. These functions are
available from the Functions»String palette. Some common functions are
discussed below.

String Length returns the number of characters in a string.

zhning lergth

String Length

An underscore (_) represents
a space character.

string[The_quick_brown_fox_| [Em~—20] Length
UK
Concatenate Strings concatenates all input \trgs n dys of strings into
a single output string. *

a0
O

oncatenation

\ Qe
P { e\, P age Concatenate Strings

g: The function appears as shown at left when you place it in the block
diagram. You can resize the function with the Positioning tool to increase
Concatenate h b £i
Strings function the number of 1nputs.

when placed in
block diagram

The = [concatenated sting]
""""""" The quick brown fox jumped over the lazy dog.|
[ae

Ijumped over the lazy dog.
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When the functions execute, they first check the error in cluster to see if an
error has occurred in any preceding VI or function. If the status is True

an error has occurred, and the VIs or functions do not continue execution.
They simply pass the error in information to their error out cluster for the
next node. If the status is False, an error has not occured, and the nodes
continue with the operation and set their error out cluster to reflect whether
an error occurred during their execution.

Simple Error Handler (Time & Dialog subpalette) checks for errors in the
file operations and displays a dialog box if an error occurs.

eror code [no e 0 Frm erar?

eror gource [ "] s Ky L code out
twpe of dialog [OF. mzg: 1]==j‘“lif)% goUrce ouk
error in [no error] Error out

meszage

Simple Error Handler

Saving Data in a New or Existing File

prev!

LabVIEW Basics | Course Manual

Saving data in a new or existing file is a three-step ss\&&‘or create
the file, write data to the file, and close t ? Flle VIs, you can
write any data type to the file y, or created. If other users or

applications need to acﬁ@ ; you S %’1‘1’[@ string data in ASCII
format t t{; ém %

n access fllesz‘ grammatlcally or through a dialog box. To
accessa é‘ interactive file dialog box, you leave file path
unw pen/Create/Replace File VI. You can save time by
programmatically wiring the filename and pathname to the VI. Pathnames
are organized as follows:

Windows A pathname consists of the drive name, followed by a colon,
followed by backslash-separated directory names, followed
by the filename. An example is C: \TESTDATA\TEST1.DAT
for a file named TEST1 .DAT, in the directory TESTDATA.

UNIX A pathname consists of forward slash-separated directory
names, followed by the filename. An example is
/home/TESTDATA/TEST1.DAT for a file named
TEST1.DAT, in the directory TESTDATA in the /home
directory. Filenames and directory names are case sensitive.

Macintosh A pathname consists of the volume name (the name of the
disk), followed by a colon, followed by colon-separated
folder names, followed by the filename. An example would
be Hard Disk:TESTDATA:TEST1.DAT for a file named

7-14 ni.com
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Exercise 7-3  File Reader.vi
Objective: To read data from a file.

You will build a VI that reads the file created in the previous exercise and
displays the information read in a string indicator if the user’s password
matches the specified password from the Build String VI.

Front Panel

File Path
I C:AE mercizesily Basics [\demaofile. bt

*path indicator®

String Bead fram File
The meazurement iz 124500 Yalts -

S — e GO
si'.':rlft'ﬂi'éiﬁihba‘_oga.\ ‘
N &N

dwld the frdat };%% n above.

Ope_xj]::@ ﬁ
t panel inndicator that shows the location of the

e \e text file @et cator that displays the information read from the

Py

2. Sw1tch to the block diagram.
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Unbundle by Name function (Cluster palette). This function removes
the status Boolean from the error cluster.

a[‘_.;} Not function (Boolean palette).

CLOSE"
it

And function (Boolean palette).

The Not and And functions control the While Loop condition such that
the loop continues while the Power switch is True and there is no error.

Close File function (File I/O palette). This function closes the file.

Simple Error Handler VI (Time & Dialog palette). This VI checks the
error cluster and displays a dialog box if an error occurred.

Save the VI.

3. Run the VI. A dialog box appears, prompting you to enter a filename.

4.

Py eN \vaﬁs g) 2

Type temp. txt and click OK or Save.
The VI creates a file called temp . txt. The VI then tak }4; gs every
1

half-second and saves the time and te turq e until you
press the Power switch or an erro "‘gé‘ e VIfinishes, it closes

the file.
Close the élx)@‘ N; use %WO?)%%‘.OI‘ or spreadsheet to open
eate

d.

rdPad or NotePad application or another word processor or
a spreadsheet. Find and open the file temp. txt.

UNIX

5.

Run the Text Editor application. Load the file temp . txt.

Macintosh

5.

Switch to the Finder and launch TeachText or another word processor or
a spreadsheet. Find and open the file temp. txt.

After you load the file into the word processor or spreadsheet, notice that
the time appears in the first column and the temperature data appears in
the second column. Quit your word processor or spreadsheet and return
to LabVIEW.

End of Exercise 7-4

© National Instruments Corporation
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Read From Spreadsheet File reads a specified number of lines or rows from
a numeric text file beginning at a specified character offset and converts the
data to a 2D single-precision array of numbers. The VI opens the file before
reading to the file and closes it afterwards. You can use this VI to read a
spreadsheet file saved in text format.

format [%. 3f] new file path [Mat & Path...
file path [dialog if empty] £ all rowes
rumber of rows [all:-1] = firzt rove
gtart of read offzet [chars... ?7 1 mark. after read [chars. ]
maw charactersfrow [no lim... L EQF?

tranzpoze [ho:Fl
delimiter [Tahb)

Read From Spreadzheet File_vi

Read Lines From File reads a specified number of lines from an ASCII
format file beginning at a specified character offset. The VI opens the file
before reading the file and closes it afterwards.

corrvert eal? [nF] - %
file path [dialag if ermpty] : u

nurmber of lines [all:-1]
start of read offzet [chars...
[maw characters per ling] ..

£(O | ﬁ

Binary File Vis - z)ev
e %mary Flle l%h el VIs that read from and write to file in binary
P ( for e of integer type ([116]) or floating point ([SGL]). Saving
data binary format can be beneficial if access speed and compactness are
important.
ls! File 170 x|
i l Q l B I

Binary File Vs |

Jabe.. al:u: %‘ d|
k_; |
TXT. .TxT "’LE —D:Clear_l,l File ¥z
FlLE FlLE [¥] % O
" 2w
H ” % ] IEI_‘ 12.3 Eiz.a] [Eiee
b n

|\$‘ EQ:; A R et
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A. Overview and Configuration

The LabVIEW Data Acquisition library contains VIs to control National
Instruments plug-in DAQ boards. Often, one board can do a variety of
functions—analog-to-digital (A/D) conversion, digital-to-analog (D/A)
conversion, digital input/output (I/O), and counter/timer operations. Each
board supports different data acquisition and signal generation speeds. Also,
each DAQ board is designed for specific hardware platforms and operating
systems. For complete listings of the DAQ boards and their features, refer to
the National Instruments catalog.

Data Acquisition System Components

LabVIEW Basics | Course Manual

Data Acquisition
and Control Module

Option B

The fundamental task of a DAQ system is the measurement or generation of
real-world physical signals. Before a computer-based system can measure a
physical signal, a sensor or transducer must convert the physical signal into
an electrical signal such as voltage or current. Often, the plug-in DAQ board
is considered to be the entire DAQ system; however, the board is only one
of the system components. Unlike most stand-alone instruments, sometimes
you cannot directly connect signals to a plug-in DAQ board. A signal

8-2 ni.com
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Macintosh

The LabVIEW installation program installs the NI-DAQ for Macintosh
software drivers necessary to communicate with National Instruments DAQ
boards. You use the NI-DAQ Configuration utility to configure your DAQ
board and accessories.

LabVIEW for Macintosh

DAQ Library Vis
A

\/
NI-DAQ Configuration Utility
A

\4

DAQ Board i|

| '3
When you install NI-DAQ for Macintosh, i ‘\é)ﬂ 4&% you have an
v

NB or a Lab Series board Otherw1se ersion 6.0 or later for
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¥ MAX - PCI-MI0-16XE-50 [Device 1] ' _ -10] x|

File ‘“iew Toolz Help

J B Properties... | “alDelete | B Test Panel

El- kdy Spztem
-8 Data Meighborhood
=@ Devices and Interfaces
i {Eg GPIBO[PCI-GPIE]
----- “{mm PCI-MIO-1EXE-B0 [Device 1]
- ;,f Puarts [Serial & Parallel]
P P Spghem
-3 Scales
&-[@ Software

Attribute | W alue | D ezcription
m Device Murmber 1 The MI-DAL device number
E Serial Mumnber 0xA50EF0  The serial nurnber of the device

1| 10
r .
él Attributes I . \\)\L
A
The Measurement & @aé)'rer window shows the National
Instruments are 1n m. Note the Device
1n the are ¢ DAQ board. The
s’{t_hr ice number to determine which board
e\, e rform

PNote You may have a di erent board installed and some of the options shown may be
different. Click the Show/Hide button in the top right corner of the Measurement &
Automation Explorer window to hide the online help and show the DAQ board

information.

3. You can get more information about the board configuration by
examining its properties. With the DAQ board highlighted, click the
Properties button just below the menu. A configuration window for the
multiple input/output (MIO) board is shown below.
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7.

previel

9.

LabVIEW Basics | Course Manual

Click the Analog Output tab, shown below.

dnalog Input  Analog Output | Counter 140 I Digital 10 I

Channel Selection;

— Output Mode
= DC Yoltage I u j

{* Sine Generatar

— Sinewave Amplitude

N = ]

-10.00 0.0 1000

iotart Sine [Feneratar ;

|Ipdate B ate:

=i
| prlate Ehatmel 1000.00 =

o V¥

In this w1ndo up eith voltage or sine wave on
one &? ard a m els. For this exercise, change
ut Mo

tor and then press the Start Sine

Genera %me wave will be generated continuously on
? channel 0.

the external DAQ Signal Accessory box, wire Analog Out ChO to
Analog In Chl.

Switch to the Analog Input tab and change the Channel to 1. You
should now see the sine wave from analog output channel O on the
graphical display.
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Exercise 8-3 Measurement Averaging.vi (Optional)

Objective: To reduce noise in analog measurements by oversampling and averaging.

1. Open and run the Measurement Averaging VI. The VI measures the
voltage output from the temperature sensor once per second and plots it
on the waveform chart.

@ Note If you do not have a DAQ board or a DAQ Signal Accessory, replace the Al
Sample Channel VI with the following VI:

eric | (Demo) Al Sample Channel VI (User Libraries»Basics I Course subpalette). This VI

- simulates a reading from analog input Channel 0.

2. Introduce noise into the temperature measurement by flipping the switch
labeled Temp Sensor Noise on the DAQ Signal Accessory to the ON
position. The measurements should begin to fluctuate with noise spikes.

3. Stop the VI and open the block diagram. Modify the True cgs¢ inside the
block diagram to take 30 measurements, average t dﬂ plot the
average of the 30 measurements.

4. Run the VI. Notice the dro @&\@Wh&:n the Averaging switch
is turned on.
5. Sav% ﬁ 8%
0 (e\,\G}Nf Frer éés@
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5. Select Data Logging from the Gallery Categories section and Simple
Data Logger from Common Solutions. When you press the Next
button, you will be asked which channels of data to log. Select all the
analog input channels shown by holding down <Shift> and clicking on
each choice as shown:

E=! S olution Wizard - 5

pecify Inputs/Outputs

Chosen Salution:  [5imple Data Logger

Far thiz zolution, pou must specify the following
inputdoutput sources:

Dl

Select a Analog Input Device

Select Channel(z]

PCI-k10-16<E-50 temp
chanl

chan?

LabVIEW Basics | Course Manual

\e <Back ||  OpenSolution Cancel
p(e\’ P 20€ 2 o

6. Click on the Open Solution button to get the following panel.

8-30 ni.com



Lesson 8 Data Acquisition and Waveforms

Exercise 8-8 Scan Two Waveforms.vi (Optional)

To acquire data from multiple channels on the DAQ board and display them on one
graph.

Objective:

For this exercise, connect the sine wave output to Analog In CHI and the
square wave output to Analog In CH2 on the DAQ Signal Accessory.

Create a VI that scans data from Channel 1 and Channel 2 and plots both
waveforms on a single waveform graph. Acquire 500 points from each
channel at 10,000 Hz. The VI also should write the scanned data to a
spreadsheet file so that when the file is opened using a spreadsheet, each

channel is displayed in a column.

E Note If you do not have a DAQ board or a DAQ Signal Accessory, replace the Al
Acquire Waveforms VI with the following VI:

ceMa | (Demo) Acquire Waveforms VI (User Libraries»Basics I Course subpalette). In this

|1|.|lT FT
n._..+. exercise, this VI simulates reading a sine wave on Channel 1 and a square We on

Channel 2.

Save the VI as Scan Two Wa\{égal\%e the front panel shown to

get started. m
Cer N
. nds\ \ g
P(e\,\e -;3 72 - Plot 0
kPef Flat 1

Amnplitude [

CEI B R EEn S0l 25 S0 SR Ay B SR
Time [z]

End of Exercise 8-8
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) @)
P ( e\, \@.\lé!osag@. 2

End 'of Exercise 8-9
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I. Digital Input and Output

The data acquisition Data Acquisition»Digital I/O library contains VIs to
read from or write to an entire digital port or to a specified line of that port.

port width [3]
device
digital channel """ g~
lire — "_
|inE StatE
iteration [D:initahze]

Write to Digital Line.vi

Write to Digital Line sets a particular line on a user-configured port to either
logic high or low. Device is the device number of the DAQ board. Digital
Channel specifies the port where the line is located. Line specifies the
digital line to write to. Line State writes either a true or a false to the given

line.

twiclth (3] . K

- w:jevin:e ------- Gu Qﬁte
digital chanég_i *
iteN m &
Read frofp Dig :
\,‘\@M}Ifrom Digi 1 the logical state of a digital line on a
P ( e use ev1ce is the device number of the DAQ board.

Dlgl el spemﬁes the port where the line is located. Line specifies
the digital line you will read. Line State returns the logical state of the given
line.

port widtk (8]
device

digital channel ~*
pattern — |

iteration [O:intialize]

Wite to Digital Port i

Write to Digital Port outputs a decimal pattern to a specified digital port.
Device is the device number of the DAQ board. Digital Channel specifies
the digital port on the DAQ board to be used. Pattern specifies the new state
of the lines to be written to the port. Port Width is the total width in bits of
the port.
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error cluster propagates through the VIs and Simple Error Handler displays
a dialog box if an error occurs.

device

1 Al W _al Al
CONFIE | sTRRT READ CLEAR
charnels ; | I W 1] R o Wl =1 RE nyiE m
[14a]
aveform Graph
[#]

@ Note In the figure above, the buffer size parameter for Al Config is set to 2,000. The
number of scans to acquire parameter of Al Start is left unwired and has a default input
of —1. The —1 value informs Al Start to acquire the number of scans for which memory
has been allocated (buffer size) in Al Config. Similarly, the number of scans to read
parameter of Al Read is also unwired and has a default input of —1. Again, the —1 value
tells Al Read to read the number of scans that Al Start specifies.

buffer zize

Continuous Data Acquisition \)\L
Continuous, or real-time, data acquisitio r\ rom an acquisition
in progress without interrupting a &4 on. ThlS approach usually
involves a circular buf .ﬁ, show e next figure. You specify
the size f 1 ul r buffer w ure the acquisition. After

sta i g acquisi lKbo d collects data and stores the data
\, \ buffer L 1'12%‘}1 ers data out of the buffer one block at a time

P ( e for g to disk. When the buffer is full, the board starts
writ e beginning of the buffer (overwriting the previously stored
data). ThlS process continues until the system acquires the specified number
of samples, LabVIEW clears the operation, or an error occurs. Continuous

data acquisition is useful for applications such as streaming data to disk and
displaying data in real time.
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End of Data ! Current Read Mark End of Data
Incoming 3
Board > > > :
Data v v Vi \4

\/\/\/\ I \/\/\/'
) ;
/
! :
. .
/ }
/
/
/

<+ > .
Buffer Size ,:' Data transferred
from Buffer

c. Current Read Mark End of Data | d. End of Data Current Read Mark

i
> > > > > >
L

\ 4 i \ 4 4 \4

L,
v
{ ' '
b ' i
[ '
' ' '
' ' i
' ' '
' ' '
T T T
I ;o [
[ o [
'

Lk
\

P\ A

G
You configure LabVI @lﬁs ata ggquisition by instructing Al
Start to acquire i Ed&l . This a % 1s asynchronous, meaning
that oth: X@mmera iQns xg uring the acquisition. The

i gure ill% pred] continuous DAQ block diagram. To

" @!Nm
e\,\ tiitiate the (10 number of scans to acquire in Al Start to 0. Al
P ( Rea? looping structure to retrieve data from the buffer. You can
then $end the data to disk, to a graph, and so on. Al Clear halts the
acquisition, deallocates the buffers, and frees any board resources.

Acquire
Continuouzly aveform Graéh
device Iy L]
1 Al Al [ Al
corrs| L sTART CLEAR
channelz E e e i =
[14a]
0 R
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Lesson 9 Instrument Control

A. Instrument Control Overview

prev'®

LabVIEW Basics | Course Manual

You are not limited to the type of instrument that you control if you choose
industry-standard control technologies. You can even mix and match
instruments from many different categories including serial, GPIB, VXI,
PXI, computer-based instruments, Ethernet, SCSI, CAMAC, and parallel
port devices.

The things to be aware of with PC control of instrumentation are:

*  What type of connector (pinouts) are on the instrument.

*  What kind of cables are needed (null-modem, number of pins,
male/female).

*  What electrical properties are involved (signal levels, grounding, cable
length restrictions).

*  What communication protocols are used (ASCII commands, binary
commands, data format).

e What kind of software drivers are available (see the neﬂ%on)

The previous lesson showed you how to IQV 0 communicate with

and acquire data from data ac e boards This lesson discusses
how you can use Lab Vﬁﬁ%&n rol and e data from an external

1nstrum m‘gé\ye above, the %%gfferent ways to connect an
€ co :Qh n focuses on the two most common

ent com g thods—GPIB and serial port communication.

pad
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10. Notice that the NI Instrument Simulator has a GPIB Primary Address

(PAD) of 2.

11. Click on the Communicate with Instrument button under the menu. An
interactive window opens where you can query, write to, and read from

that instrument.

12. With the Send String set to *IDN?, press the Query button. The
instrument should return its make and model number. You can use this
window to debug instrument problems or to verify that specific
commands work as described in the instrument manual.

prev

\6\'\'

Tf MI1-488_2 Communicator !IE[E
| GFIBO  Ingtrument 0 Primary Address 2
[alobals — Stakus
1 . ® ":l
Send Sting; I DM et Do 00 EFFE
- ; il AL
wirite | Read | iberr: Hone END
: ibzntl: 62 GEME
Configured RS
String R eceived: L&
Mational Instruments GPIB and Senal Device Simulator Os_l‘
B.11 EER
a e ]
tes A
O Ti05
8 Elil eeE
( 0 -‘ DTAG
m E:-ut DEAG

g DC? into the Send String and press the Query button. The
NI Instrument Simulator returns a simulated voltage measurement.

14. Press the Query button again and a different value is returned.

15. Press the Exit button to quit the interactive communication window

© National Instruments Corporation

when you are finished.
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You can find the LabVIEW instrument drivers on your LabVIEW
installation CD or download them from the National Instruments Web site
at ni.com or you can contact National Instruments and request a copy of
the LabVIEW Instrument Driver CD.

If you install the LabVIEW instrument drivers from the CD yourself or
download them from the Web site, you first decompress the instrument
driver file to get a directory of instrument driver files. Place this directory
into the LabVIEW\instr. 1ib directory on your computer. The next time
you launch LabVIEW, you can access the instrument driver VIs from the
Instrument Drivers subpalette of the Functions»Instrument I/0 palette,
as shown below.

o—1FIFunctions

Instrument |/0
@* "’
o]

[aec] *

Elh \)\4

P PRl o\e

2 08

g) 2ok
S

Fuya [ HIDE S
rle 1= = TN

-

g2l

e
©

T?T
K|
0.

-
2
=t

JEz:
]

@ |79

CEI N El
[z

Getting Started Example

All instrument drivers contain an example you can use to test that the
instrument driver VIs are communicating with the instrument. You must
make sure to specify the correct GPIB address for the instrument as
determined by the MAX utility.

In the next exercise, you will open and use the instrument driver example for
the NI Instrument Simulator.
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F. Using VISA

Functions and Vis

LabVIEW Basics | Course Manual

Now that you understand the history and overview of VISA, you will learn
how to use the lower-level VIs to communicate with a GPIB instrument. The
VISA functions you will use most often are the VISA Write and VISA
Read. Most GPIB instruments require you to send information in the form
of a command or query before you can read information back from the
instrument. Therefore, the VISA Write function is usually followed by a
VISA Read function.

¥I5A resource name HEA dup %154 regource name
wirite buffer [ ~F at' return count
L. errar ouk

210 in [no ermor | ===

VISA Write

The VISA Write function writes the write buffer string to the device
specified by the VISA resource name. dup VISA resource name returns
the same handle to that session. On UNIX platforms, data is Wriften
synchronously; on all other platforms, it is written asy VVL return

count contains the number of bytes actuall s the GPIB.
The error in and error out clusters g@& érror 1nformat10n.
"",—m IS4 resource name

6 e l:l:uunt [ 3 read buffer
efrar & return count
éﬁ‘ s 107 OLIE

YI5A Read

The VISA Read function reads data from the device specified by the VISA
resource name. byte count indicates the number of bytes to be read into the
returned read buffer string. dup VISA resource name returns the same
handle to that session. On UNIX platforms, data is read synchronously; on
all other platforms, it is read asynchronously. return count contains the
number of bytes actually transferred across the GPIB. The error in and
error out clusters contain the error information.
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MARK is a negative voltage and SPACE is positive; the previous figure
shows how the idealized signal looks on an oscilloscope. The truth table for
RS-232 is:

Signal >+3 V=0
Signal< -3 V=1

The output signal level usually swings between +12 V and —12 V. The “dead
area” between +3 V and -3 V is designed to absorb line noise.

A start bit signals the beginning of each character frame. It is a transition
from negative (MARK) to positive (SPACE) voltage; its duration in seconds
is the reciprocal of the baud rate. If the instrument is transmitting at 9600
baud, the duration of the start bit and each subsequent bit will be about
0.104 ms. The entire character frame of eleven bits would be transmitted in
about 1.146 ms.

Data bits are transmitted “upside down and backwards.” That is, inverted
logic is used and the order of transmission is from least 51gn1ﬁc bit (LSB)
to most significant bit (MSB). To interpret the data b1t er frame,

you must read from right to left, and read oltage and O for
positive voltage. For the flgure b 1101 101 (bmary) or 6D
(hex). An ASCII conv s that is the letter “m”

Ano t1 )@m follo thﬁl ﬁne character frame. The parity
ogic

(1 for negative voltage and O for

ent also f%@
e\, \ 0s1t1ve vol 1s included as a simple means of error checking.

LabVIEW Basics | Course Manual

You of time whether the parity of the transmission is to be
even odd If the parity is chosen to be odd, the transmitter will then set the
parity bit in such a way as to make an odd number of 1’s among the data bits
and the parity bit. The transmission in the figure above uses odd parity.
There are five 1’s among the data bits, already an odd number, so the parity
bit is set to 0.

The last part of a character frame consists of 1, 1.5, or 2 stop bits. These bits
are always represented by a negative voltage. If no further characters are
transmitted, the line stays in the negative (MARK) condition. The
transmission of the next character frame, if any, is heralded by a start bit of
positive (SPACE) voltage.
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How Fast Can | Transmit?

Knowing the structure of a character frame and the meaning of baud rate
as it applies to serial communication, you can calculate the maximum
transmission rate, in characters per second, for a given communication
setting. This rate is just the baud rate divided by the bits per frame. In the
case above, there are a total of eleven bits per character frame. If the
transmission rate is set at 9600 baud, you get 9600/11 = 872 characters per
second. Note that this is the maximum character transmission rate. It may
happen that the hardware on one end or the other of the serial link may not
be able to reach these rates, for whatever reason.

Hardware Overview

There are many different kinds (recommended standards) of serial port
communication. The most common are described below.

RS-232
The RS-232 is a standard developed by the Electronic Industries
Association (EIA) and other interested parties, spemfymg
interface between Data Terminal Equipment (DTF(:‘,@D
Communications Equipment (DCE) T ard includes
electrical signal characterj SUCSYt s) 1nterface mechanical
characterlstlcs (con ec nal de n of interchange circuits
(the fun e trlcal s rec1pes for common kinds
ode he most frequently encountered
\, \ s n of thls ed RS-232C. Parts of this standard have been
P ( e “ d géanous degrees of fidelity) for use in serial

com s between computers and printers, modems, and other

equlpment The serial ports on standard IBM compatible personal
computers follow RS-232.

RS-449, RS-422, RS-423

The RS-449, RS-422, and RS-423 are additional EIA serial communication
standards related to RS-232. RS-449 was issued in 1975 and was supposed
to supersede RS-232, but few manufacturers have embraced the new
standard. RS-449 contains two subspecifications called RS-422 and
RS-423. While RS-232 modulates a signal with respect to a common ground
(called single-ended transmission), RS-422 modulates two signals against
each other (called differential transmission). The RS-232C receiver senses
whether the received signal is sufficiently negative with respect to ground to
be a logical “1,” whereas the RS-422 receiver simply senses which line is
more negative than the other. This makes RS-422 more immune to noise and
interference and more versatile over longer distances. The Macintosh serial
ports follow RS-422, which can be converted to RS-423 by proper wiring of
an external cable. RS-423 can then communicate with most RS-232 devices
over distances of 15 m or so.
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previ? pad

LabVIEW Basics | Course Manual

RS-232 Cabling

Devices that use serial cables for their communication are split into two
categories. These are DCE (Data Communications Equipment) and DTE
(Data Terminal Equipment.) DCE are devices such as your modem, TA
adapter, plotter, etc., while DTE is your computer or terminal. RS-232 serial
ports come in two ‘“‘sizes,” the D-Type 25-pin connector and the D-Type
9-pin connector. Both of these connectors are male on the back of the PC;
thus, you will require a female connector on your device. Below is a table of
pin connections for the 9-pin and 25-pin D-Type connectors.

Function Signal PIN P;[B ‘\)\Q)CE
Data TxD teﬁja:\ : ‘O‘:;put Input
Vf{{x&c& 2 N Q 8 Input Output
IWSI%@L ViRt 2 0‘7 I Output Input
> e 82 8 Input Output
DSR 6 Input Output
DCD 1 Input Output
DTR 4 Output Input

Common Com 5 — —
Other RI 9 Input Output

This connector is occasionally found on smaller RS-232 lab equipment. It is
compact, yet has enough pins for the “core” set of serial pins (with one pin
extra). Important: The DB-9 pin numbers for transmit and receive (3 and 2)
are opposite of those on the DB-25 connector (2 and 3). Be careful of this
difference when you are determining if a device is DTE or DCE.
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Table 9-2. DB-25 Connector and Pinouts

Function Signal PIN DTE DCE

Data TxD
RxD

Output Input
Input Output

Handshake RTS
CTS
DSR

Output Input
Input Output

2

3

4

5

6
DCD 8 ) utput
DTR 20 \ (ﬁput Input
Common CONQ‘, o Q — —
éﬁ tﬁe( Qg 23 @ tof; " with enough pins to cover all the

S d

table shows only the “core” set of pins

specifiedin %
P ( e\, \ thaté \g‘@ S-232 interfaces.

Input Output

Software Overview

The LabVIEW Instrument I/O»Serial subpalette contains functions and
VIs used for serial port communication and is shown below:

= |
—D:ﬂlnstrument 1/0
E.r" =R
i oot Lib b
==

55 | [FERTAL]H][ 15 2] '-.-'ISﬁ 1
[=]
—Uilﬁenal

R LS4 [EG] L5
SERIAL abc_w ahG\‘ 3
LLITT R C

IY'I
L= (il g v
=

| @942
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You should notice that some of the functions in this subpalette are the VISA
functions you used previously for GPIB communication. The VISA Write
and VISA Read functions will work with any type of instrument
communication and are the same whether you are doing GPIB or serial
communication. However, because serial communication requires you to
configure extra parameters, you must start the serial port communication
with the VISA Configure Serial Port VI.

termination char [Oxd =",
tirmeout [10zec)

W54 rezoUnce name ] duplicate V154 resournce name

baud rate [9600) J——'mm

data bits [£] 1800

parity [2:none]

&rmar in [ho errar]

flons contral [0:Maone]

¥I5A Configure Serial Port

oo @rror auk

The VISA Configure Serial Port VI initializes the port identified by VISA
resource name to the specified settings. timeout sets the tim value for
the serial communication. baud rate, data bits, pari anﬂ ontrol
specify those specific serial port parametexé{e il and error out

clusters maintain the error con%f @&

2 a Simple Ermar
Y Lhnlidhsds Brial Port] 154 wiite] 154 Read) [Handlerwi
7L L-fn'b.ﬁ'.ﬂ I "T:-T|
= anc
= r=
wirite: buffer bute count read buffer
fiow contiol[PRONZROFE = [Nz~ 200 ~{ k]|

The example above shows how to send the identification query command
*IDN? to the instrument connected to the COM2 serial port. The VISA
Configure Serial Port VI opens communication with COM?2 and sets it to
9600 baud, 8 data bits, odd parity, one stop bit, and XON/XOFF software
handshaking. Then the VISA Write function sends the command. The VISA
Read function reads back up to 200 bytes into the read buffer, and the error
condition is checked by the Simple Error Handler VI.

@ Note The VIs and functions contained in the Instrument I/O»Serial subpalette are also
used for parallel port communication. You just specify the VISA resource name as being
one of the LPT ports. For example, you can use the MAX utility to determine that LPT1
has a VISA resource name of ASRL10: : INSTR.

LabVIEW Basics | Course Manual 9-36 ni.com



Lesson 9 Instrument Control

Front Panel

[rata Farmat D ata Source o bt
Binamny Simulated D e
J J 973
L‘ﬁ«SEII L.\GF'IE
W aveform Sting i aveform Plot Plat 0 m

CURVE 437480 9054E1,  (a
0.8429€1,7 1068 6.6331, 7T
¥.0970.7.7300,7. 3161,

F.BEYY. 73027302,
F.4318,7.5704,7.5936,

75261, 7. 46207 4556, L
74901, 7. 5197 7.5203,
¥.5026,7.4892,7.4901,

7.4993, 76051 -4.3754,
-0.3055E1 -0.8423E7

-7.1071 -6.6335,-7.0370,
-7.7303,-7.9165,-7 BEAD0,
-7.3705,-7.3015,-7. 4318,
-7.5707.-7.5939,-7. 5264,

-7.4623 -7 45589 -7 4904,
75197 7520675029,

Amplitude

1. Open the Waveform Xamﬁgsa\e ’

2. The VI alrea ou. Th icator displays the
W&Vﬁ‘f@ he indica ‘& n strmg displays the
m strlngg% mat specifies either an ASCII

e\, e wavefor aveform. Data Source specifies whether the data
P ( % read from the NI Instrument Simulator via the GPIB.
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Summary, Tips, and Tricks

preV'y

© National Instruments Corporation

LabVIEW can communicate with an instrument that connects to your
computer as long as you know what kind of interface it is and what
cabling is required.

Use the Measurement & Automation Explorer (MAX) to configure and
test GPIB interface cards, connected instruments, serial ports, and
parallel ports.

The LabVIEW Instrument Driver library eliminates the need to have
an intimate knowledge of a specific instrument or I/O interface. A
LabVIEW instrument driver is a set of VIs that control a programmable
instrument, where each VI corresponds to an operation such as
configuring, reading from, writing to, or triggering the instrument.

There are more than 600 instrument drivers in the library. (See the
National Instruments catalog for a list.) If you have an instrument that is
not on the list, you can find a similar instrument on the list and easily

modify its driver. LabVIEW instrument drivers simplif i ment
control and reduce test program develo men thating the
need to learn the low-level program i r each instrument.

Instrument Driver 6;*’ hlerarchy and contain a getting
started exam {lg-( t the g@ communication.
i0 1

3 ns_ar nterface for controlling VXI,
e S 232 éTtyp S of instruments.

ge\lcatron is a popular means of transmitting data between
and a peripheral device such as a programmable instrument

or even another computer. The LabVIEW Serial library contains
functions used for serial port operations.

Instruments can transfer data in many different formats. ASCII data can
be easily read, while binary data is more compact and can be in any
format. LabVIEW contains many VIs and functions to convert
waveform data to a usable form.
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Window Appearance

When you open the VI Properties and select Window Appearance from
the Category menu ring, the following options appear:

=l VI Properties |
Cateqony: I Window Appearance j
Window Title
|Tem|:uerature Analyziz. vi v Same az V| Name
7~ Top-level &pplication Window T - =1
i~ Dialog =l
¥ Default
™ Custom
Customize... |
)y
Canvng
These options affect the front panel whi Ls nning. By default, the
front panel title is the samg as change the string that appears
in the title bar, you can opti me as VI Name and type
a new n m OW Tltle é
\, \ Ntomlze th ﬂ% appearance you can either select one of the
P ( e e panel window from the radio buttons or create a
cust nce A graphical representation of each setting is displayed

on the right side of the option choices:

* Top-Level Application Window—This style window shows the title
bar and menu, hides the scroll bars and toolbar, allows the user to close
the window but does not allow the user to resize the window, uses the
runtime shortcut menus, and shows the front panel when called.

* Dialog—This style window is modal (stays on top of all other
windows), has no menu, scroll bars, or toolbar, has a highlighted
<Return> Boolean, allows the user to close the window but does not
allow the user to resize the window, uses the runtime shortcut menus,
and shows the front panel when called.

*  Default—This style window is the same as the window style used in the
development environment of LabVIEW. All options such as scrollbars,
menus, toolbars, etc. are shown.
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Exercise 10-1 Use Pop-Up Graph VI and Pop-Up Graph VI

Objective: To use the VI Properties to make a pop-up subVI.

Build a VI that acquires temperature once every 0.5 s for 10 s. After the
acquisition is complete, the VI pops open a subVI panel that shows the
acquired data in a graph. The front panel remains open until you click on a
button.

Front Panel

Temperature
# af data values
0 |ce.52 E
85-; *Drigital Indicator®
70-

Reprezentation = |32

*Thermometer

Shaw the Digital Digpl Sa\e :

@ build the a& o n above. The thermometer
pl ecu nd the number of data values shown.

H@A

\NS
© pagd©

N J]]

BIock@%@N

11 E
—| Pop-up Graph.wi

T hermometer. vi 0.50
L)
HTemp POP-LIP

H of data values

E ait Lntil Mest
[ SO0 22 ¥ lims Multiple

1. Build the block diagram shown above.
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N] For Loop, available on the Functions»Structures palette—Structures
[ the VI to repeat 20 measurements. Right-click the N terminal, select
“]| Create»Constant, and enter a value of 20.

Thermometer VI, available in the Select a VI»LV Basics I

Temp| .
l directory—Acquires the current temperature value.

% | Wait Until Next ms Multiple function, available on the Functions»Time

& Dialog palette—Causes the For Loop to execute every 500 ms. Create
the constant by right-clicking the input terminal and selecting
Create»Constant.

E> Multiply function, available on the Functions»Numeric
palette—Multiplies each element of the index array by 0.5 to scale
the x values to represent the time interval at which the VI takes the
measurements. Create the constant by right-clicking the input terminal
and selecting Create»Constant.

[ Pop-Up Graph VI, available in the Select a VI»L'V Basics I
directory—Plots the temperature data into an XY Graph. Configure this
subVI to pop open when it is called and close afterwards \4

POP-LIP

2. Save the VI. Name it Use Pop-Up Graph v

Configure the subVI to open 5@ ouble click the Pop-Up
Graph subVI to op

Front Panel \ Om “ ?)%%
eN\ A
P ( ?@gc sy G,éph Terp Plot |

EIEIEI

Y Array

;]” a 87 65

*digital contral arays® o4 0-
o

DOME

. I I I
“temt biuttom® 0.0 20 40 B0 a0 10.0
Label hidden Timne [sec)
OFF Text-> "DOME"
OM Tewt "™

1. Configure the VI so that it automatically displays its front panel.
Right-click the icon pane and select VI Properties from the shortcut
menu, or select File»VI Properties.

2. Click the Categories menu ring and select Window Appearance from
the list.
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D. Editing VIs with Difficult VI Setup Options (Optional)

Sometimes you can select a combination of VI Properties so that it is
difficult to get back into a VI to edit it later. For example, suppose you
selected the Run When Opened option and then disabled all menus and
toolbar options. Or suppose you have the VI close and exit LabVIEW when
it finishes running. You cannot stop the VI without it closing and exiting
LabVIEW. This VI would be very difficult to edit. The function for exiting
LabVIEW is called Quit LabVIEW and is available on the
Functions»Application Control palette.

quit? [T]

Guit Lab¥IEW

The Quit LabVIEW function aborts all executing VIs and ends the current
session of LabVIEW. Quit LabVIEW has one input, and if that input is
wired, the end of your LabVIEW session occurs only if tha&%is TRUE.
If the input is not wired, the end of the sesgion 00(6 is node
executes. S\

The first step in preyen @&@n ifficult to edit your own
VIs is fi Qﬁ‘vs tht VI to a n fore you modify the VI
easie

% 0 a new location is by selecting
6‘ Save w1th options dialog box appears.

ave w1th p

Save Optiong for:

s ;gu Changed ¥z

Temperature Sypstem, v

~ Selected Options

L g;;?gﬂﬁrﬂn:nt ITD current location(z] - no prampts =]
¥ Save entire hierarchy
s % Application ¥ Include vilib files
E Distribution [ Inchude external subroutines

[ Include run-time menus

== Custom Save
- i* Mo pazsword change

7~ Remove passwords

e Save_ far 7 Apply new pazsword
50 Previaus i~ Remove diagrams

i Template : ;
Save Cancel
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If you select the Development Distribution option, the VI is saved to a new
location along with its entire hierarchy. You also can select that the
LabVIEW vi.1ib files be included in the save. Once you have saved your
VI to a new location, you can modify the other copy of your VI by changing
the VI Properties. If you remove too many of the options or pick a style that
does not do what you expect, you can always return to this backup VI.

@ Note If you select the Remove diagrams option, you remove the source code to your
VI. This means you can no longer edit it. Select this option only if you are certain you
will never need to edit the VI again, and make sure that you have saved a backup copy of
the VI, with the diagrams, to a safe place.

If you already saved your development VI with an inconvenient set of VI

Properties, there are other ways to edit the VI. The next exercise addresses
such a situation.

K
@ Sa\e cO

WO~ a0
o 03358 of 3%

preV™ oag
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E. Customizing Palettes (Optional)

By editing your Controls and Functions floating palettes, you can
customize the workspace to fit the way you want to work. You can create
your own set of palettes by adding new subpalettes, hiding options, or
moving items from one menu to another.

Adding Vls to user.lib and instr.lib

a\e |
e
e\N
prev!

@ Note

You can easily modify the Functions palette to add your own library of VIs
and enhance the default view. To add your VIs to the default Functions
palette, simply save your directories, VIs, or libraries inside the user.1ib
directory in the LabVIEW directory. When you restart LabVIEW, the User
Libraries subpalette of the Functions palette will contain subpalettes for
each directory, .11b, or .mnu file in user. 1ib and entries for each file in
user. lib. The Instrument I/O»Instrument Drivers subpalette of the
Functions palette corresponds to instr.1lib. You may want to place
instrument drivers in this directory to make them easily accessible from the

palettes. \4
epV

pag®

The 1vba31cs 11b file (User Libraries»Basics I Course) in user.1ib

1llustrates this feature.

Using the Palettes Editor

[= T
e

Options button

With LabVIEW, you can create and select different views. LabVIEW ships
with four predefined views: the basic, the default, the DAQ, and the

T & M (Test & Measurement) view. You can select views from the
Controls/Functions Browser window by clicking on the Options button
shown at left.
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You can select any predefined palette set shown below:

[Tom] = _
k= Function Brows

Palette Set | FlECER
. Test & Measurement
Farmat | Standard =]
ok Edit Palettes... Cancel

In addition to having different palette sets to choose from, you also can
select icon-based palettes or text-based palettes. Click the Format ring to
get the options shown below:

default

Palette Set I

Farmat |

. ém&gxrg?ol oV t%%)u@ contents of the Controls and
\ ctions paletts %\ se the Palettes Editor to modify the existing

“ B
pal AMie Palettes Editor by pressing the Edit Palettes button.
Whel yotf sefect this option, you enter the editor, and the Edit Control and

Function Palettes dialog box appears.

[l Edit Control and Function Palettes |

preY

IF pou want to customize a contral or function
palette, popup on items within the palette,
Select ane af the fallowing buttans when you
are finished editing,

Palette Set I

default

=

Save Changes |

Undo All Changes |
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Customer Education Student Profile

Name Title

Company Mail Stop

Mailing Address

City State/Province Country Zip
Telephone Fax

E-Mail

Date Event Location

Industry and Application Information

Which industry does your company primarily serve? (check only one)

(d Automotive (d Industrial systems - a
factory floor/integrator

(4 Computer [ Medical 4

(4 Consumer products (d Military/space a

(A FElectronics 4 Paper/pulp a

[ Graphics 4 Petrochemical/plastics

If you are currently a customer of National Instruments, please ch

d LabVIEW™ O HiQ™
d LabWindows/CVI™ a Component

4 BridgeVIEW™ \EI
(1 Lookout™ \e MeasureTM
Please P l&he operating sys@(@@

d Windows 95 (d Windows 3.1
(d Windows NT d Sun

Please check the bus architecture(s) you use:
d PC/XT/AT d PCI
1 PCMCIA 1 VME

What other products are of interest to you:

1 LabVIEW O HiQ

1 LabWindows/CVI 1 ComponentWorks
(4 BridgeVIEW 4 VirtualBench

[ Lookout [ Measure

Tell Us About Your Applications

Number and type (AC, DC, thermocouple, and so on) of signals

My systems are developed by [ In-house staff

System description

Pharmaceutical

Aero/avionics
Semiconductor
ATE/automated test
Other

TMN@S? 230

9;2

| I W W

d System(s) integrator

VXI

Mac OS

Concurrent PowerMax

Macintosh

DAQ
SCXI
GPIB
VXI

é‘a&@,&u

[d Test, measurement,
and instrumentation

[d Telecommunications

(d University/education

(d Fieldbus™
d IMAQ™ Vision
(d Serial

(d Motion control

O HP-UX
1 DEC

Fieldbus
IMAQ Vision

Serial

O dJod

Motion control

(d consultant




