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Exercise 1: Exploring the Hands-On Hardware

Objective: Explore the hardware used in this hands-on seminar, and execute the prebuilt test code
modules that will be used to create a test sequence in TestStand.

Similar to the Windows Device Manager, which manages all peripherals connected to a Windows PC,
Measurement & Automation Explorer, or MAX, manages all NI hardware and software. This application
is installed with most NI software packages. In this exercise, you will look at the most used features of
MAX including Software and Devices and Interfaces.

1. Open MAX by double clicking the icon on the desktop or navigating to Start » All Programs »
National Instruments » Measurement & Automation Explorer.

2. After MAX launches, expand My System » Devices and Interfaces. You should be able to see any
hardware attached to your local machine. If you do not you might need to expand the section NI PXle-
1062.

3. Your test system consists of a chassis, a controller and measurement modules. The chassis is the frame
that holds the controller and instruments and allow them to communicate with each other. The controller
has the processor and memory that allows you to execute programs, in fact it is a computer that can run
either a standard Windows operating system, or a real-time operating system. The modules send and
receive the physical signals to and from your devices under test. There might be more devices in your
system but in this seminar you will use the following four instrument:

e  PXle-5442 "Arb" - Function generator used to generate a frequency sweep to test the filter
response.

o PXle-5122 "Digitizer' - Modular oscilloscope to measure filter response

e PXI-4071 "DMM" - Digital Multimeter used to test the LED function

e PXI-2532 ""Matrix" or ""Matrix1_PXI12532"- Switch module to rapidly change connections
between units to maximize instrument reuse

4. Verify that you have these four instruments in your device list and then close MAX.
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Figure 1. MAX configuration



Exercise 1A: Use NI-SWITCH Soft Front Panel to interactively make switch
connections to the filter on DUT0

1. First, make sure that the following PXle-5442 Arb and PXle-5122 Digitizer signal connections
have already been made, or make them now:

a. The CHO SMB connector of the PXle-5442 connects to Left-most BNC of the 5 DUT
Switch Demo box using an SMB-112 cable.

b. The CH1 BNC connector of the PXle-5122 connects to the Upper-left BNC of the Dual-
BNC panelette of the 5 DUT Switch Demo box using a BNC cable.

Next, do the same for the following connections:

c. The TB-2641 terminal block of the PX1-2532 connects to the demo box. Make sure to screw
the terminal block all the way in and that it is firmly seated.

d. Plug in four of the Filter/LED Demo DUTS into DUTO, DUT1, DUTZ2, and DUT3 of the 5
DUT Switch Demo box.

e. Make sure that the jumper on each DUT is set to NONE.
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Figure 2 Signal Connections

2. Now you will interactively make switch connections to test the filter on DUTO in the system using the
NI-Switch Soft Front Panel. Select Start » All Programs » National Instruments » NI-SWITCH
» NI-SWITCH Soft Front Panel.

3. Set the Active Device to Matrix and Topology to 2532/1-Wire 8x64 Matrix.

4. Click on the Schematic tab. Notice that there is a graphical display of an 8x64 matrix. This is the
current configuration of the PX1-2532 512-Crosspoint matrix. This means that there are 8 rows and
64 columns. We will cover switching in more detail during the next exercise, but for this exercise you



should know that all the instruments and test points are connected to the columns of the matrix. The
rows are only used to connect columns together.

The switch connections required to connect the instruments to the Filter on DUTO are listed on the
following chart.

Arb to DUTO Filter input cltoc25

Digitizer to DUTO Filter output c3toc24

You will make the connections in the following figure interactively using the Switch Soft Front
Panel.

a. Click on the intersection of r0O and c1. This connects c1 (Arb) to row 0.

b. Next, click on the intersection of r0 and ¢25. This connects ¢25 (DUTO Filter input) to
row 0, which in turn connects to c1 (Arb).

c. Click on the intersection of r1 and c3. This connects c3 (Digitizer) to row 1.

d. Next, click on the intersection of r1 and c24. This connects c24 (DUTO Filter output) to
row 1, which in turn connects to c3 (Digitizer).
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Figure 3 Switch Connections

e. Close the NI-Switch Soft Front Panel window.




Exercise 1B: Run the provided LabVIEW VI to verify that the UUT and modular
instruments respond as expected.

Launch LabVIEW by selecting Start » All Programs » National Instruments LabVIEW Xx.x.
Tip: National Instruments LabVIEW x.x refers to the latest version of LabVIEW on the system.
1. Open the prepared filter test created in LabVIEW located here:
C:\ Seminars\Automated Test System with NI TestStand\Exercises\Ex1 Filter Test.vi
2. Select Window » Tile Up and Down so that both front panel and block diagram are visible.

Notice that the VI consists of two windows: the front panel and the block diagram. The front panel

the graphical user interface of the VI. You build the front panel using controls and indicators, which
are the interactive input and output terminals of the VI, respectively. After you build the front panel,
you add code using graphical representations of functions to control the front panel objects. The block

diagram contains this graphical source code, also known as G code or block diagram code. Front
panel objects appear as terminals on the block diagram.

3. Execute the filter test by pressing the Run button on either the front panel or the block diagram.
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4. The DUT has a jumper that can be moved to force the filter test to fail. If you move the jumper to
“C4” or “R2” the filter will be bypassed and the test will fail. Try running the test with the jumper
moved to simulate a bad filter.

Figure 5. Location of jumpers on DUT

5. Replace the jumper when you are finished.

End of Exercise 1



Exercise 2: Introduction to the TestStand Environment

Objective: Explore an example sequence file and run it using Execute»Test UUTS.

Description

1. Login to the TestStand Sequence Editor.

Select Start»All Programs»National Instruments»TestStand 20xx»Sequence Editor to
launch the sequence editor.

When the Login dialog box appears, select the default, administrator, from the User Name
control and leave the Password textbox empty, as shown in Figure 1.

Click OK in the Login dialog box.
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Pazgword:

[ Ok ] | Cancel

Figure 1. Login Dialog Box

2. Open a sequence file.

Select File»Open File... and navigate to the <TestStand Public>\Examples\Demo\
LabVIEW\Computer Motherboard Test directory.

Note: Directory names in angle brackets, such as <TestsStand Public>, refer to abbreviated

folder paths. For example, <Teststand Public> refers to the directory path that starts at your

root directory and leading t0 Users\Public\Documents\National Instruments\
TestStand for Windows 7/Vista or \Documents and Settings\All Users\Shared
Documents\National Instruments\TestStand for Windows XP.

Open the Computer Motherboard Test Sequence.seq file. Figure 2 shows the TestStand window

that opens.

Additional Information
The Computer Motherboard Test Sequence.seq sequence file simulates testing parts of a

computer motherboard such as the RAM, ROM, and keyboard. This sequence includes tests
written in LabVIEW, but you can write the tests in LabWindows/CV1 or other programming
environments.
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Figure 2. Sequence File in the Sequence Editor

3. Explore the sequence file.

e Inthe Steps pane, located in the center, select the ROM Test step. Observe that the Step Settings
pane at the bottom displays the settings for the step. The VI icon next to the step indicates that the
step calls LabVIEW code.

e Inthe Sequences pane, select CPU Test sequence. Observe that the Steps pane displays the steps
in the CPU Test sequence.

Additional Information
The Computer Motherboard Test Sequence.seq file contains three sequences. The
MainSequence calls the CPU Test and CPU Diagnostics sequences as subsequences.

¢ In the Sequences pane, select the MainSequence sequence.



Confirm that the execution process model is correct for this exercise. In this case, you will use the
Sequential execution process model.

e Select Configure » Station Options and select the Model tab.

e Use the Station Model drop-down to select SequentialModel.seq or click the browse button, to
go to C:\Program Files\National Instruments\TestStand x.x\Components\NI\Models\TestStand
Models and select SequentialModel.seq.

Execute a sequence using the Single Pass execution entry point.

Additional Information

Both the Single Pass and the Test UUTSs execution entry points will execute the target
sequence file and generate a report. The primary difference between the two is that the Test
UUTSs execution entry point provides prompts and a looping mechanism to test multiple
UUTSs in succession while Single Pass does not. The Test UUTs execution entry point repeats
the sequence until the operator clicks Stop in the UUT Information dialog box.

o Click the Toggle Analyze File Before Executing button on the toolbar to disable the TestStand
Sequence Analyzer. This button now indicates that analysis is disabled, as shown in Figure 3.

Analysis Enabled: Analysis Disabled: &
Figure 3. Toggle Analyze File Before Executing Button
e Select Execute»Single Pass.

Additional Information

Because the computer you are using does not have equipment to test a computer motherboard
attached, this sequence simulates the tests. Use the simulator dialog box select which tests
should pass or fail. The selections you make in this dialog box are passed to the LabVIEW
Vs that execute the tests. The VIs use this information to determine whether to return a
passing result or a failing result.

e When the Motherboard Test Simulator dialog box appears, disable all the checkboxes.
e Click OK to exit the Motherboard Test Simulator dialog box.

o \When the execution completes, notice that the Execution window displays on the Report pane a
report that describes the test results. The sequence and all of the steps have a status of Passed
because you did not enable any items in the simulator dialog box.

Additional Information

The Single Pass Execution entry point executes a process model around the sequence. In the
current configuration, the primary purpose of the process model is to generate a report.
However, the process model can perform other operations. For example, if you enable
database logging, the process model would log the test results to a database.

e When you finish viewing the report, right-click the top of the Single Pass tab of the Report pane
and select Close.

Note: You can also dismiss all completed execution tabs using the shortcut <Ctrl-D>.
Execute a sequence using the Test UUTs Execution entry point.
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Select Execute» Test UUTs. When the UUT Information dialog box appears, enter 2-2A in the
Enter UUT Serial Number textbox.

Additional Information

Use the UUT serial number to identify each UUT on which you run the test sequence. You
can enter any or no value, but consider specifying a descriptive identifier so you can
accurately associate the test results with the UUT in the report.

Click OK to exit the UUT Information dialog box.

When the Motherboard Test Simulator dialog box appears, verify that none of the checkboxes are
enabled.

Click OK to exit the Motherboard Test Simulator dialog box.
When execution completes, notice that a UUT Result dialog box displays the status of the test.
Click OK to exit the UUT Result dialog box.

When the UUT Information dialog box appears, enter 2-2B in the Enter UUT Serial Number
textbox.

Click OK to exit the UUT Information dialog box.

When the Motherboard Test Simulator dialog box appears, enable the CPU test checkbox.
Click OK to exit the Motherboard Test Simulator dialog box.

When execution completes, notice that the UUT Result dialog box displays a failed result.
Click OK to exit the UUT Result dialog box.

When the UUT Information dialog box appears, click Stop.

When the test report displays, scroll through the report and review the entries for each UUT you
tested.

When you finish viewing the report, close the completed execution windows by pressing
<Ctrl-D>.

Go to File»Close Computer Motherboard Test Sequence.seq to close the example.

End of Exercise 2

11



Exercise 3: Add Tests Using NI TestStand Sequence Editor

Objective: To create a TestStand sequence and add steps to the MainSequence that tests a filter and LED
on the device under test (DUT). Figure 1 shows the results of this exercise.

| TestStand - Sequence Editor [Edit]
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Figure 4. Completed exercise
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Hardware: Make sure that the following PX1-4071 DMM signal connections have been made, or make
them now.

1. The HI (INPUT V Ohms) connector of the PXI1-4071 connects to Red banana receptacle of
the 5 DUT Switch Demo box using a red banana cable.

2. The LO (INPUT V Ohms) connector of the PXI-4071 connects to Black banana receptacle
of the 5 DUT Switch Demo box using a black banana cable.

The following connections should already be made and will remain the same:

e The CHO SMB connector of the PXle-5442 connects to Left-most BNC of the 5 DUT
Switch Demo box using an SMB-112 cable.

e The CH1 BNC connector of the PXle-5122 connects to the Upper-left BNC of the Dual-
BNC panelette of the 5 DUT Switch Demo box using a BNC cable.

e The TB-2641 terminal block of the demo box connects to the PX1-2532. Make sure to screw
the terminal block all the way in and that it is firmly seated.

e Plug in four of the Filter/LED Demo DUTS into DUTO, DUT1, DUT2, and DUT3 of the 5
DUT Switch Demo box.

NOTE: Make sure that the jumper on each DUT is set to NONE.
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Figure 5. Hardware Connections
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Exercise 3A: Create a TestStand sequence and add the Filter Test step

1. If TestStand is not already launched, select Start » All Programs » National Instruments
TestStand x.x » Sequence Editor

2. Close all open sequences and create a new one by pressing File » New » Sequence File, or Ctrl+N.

3. First, you will select the LabVIEW adapter which allows you to call and run LabVIEW VI code
modules from TestStand. It should be selected since the previous exercise, but if it is not, select the
LabVIEW adapter from the Adapter ring control.

V. Ml TestStand - Sequence Editor [Edit]
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Figure 4 Adapter Ring Control

4. Confirm that the execution process model is correct for this exercise. In this case, you will use the
Sequential execution process model.

a. Select Configure » Station Options and select the Model tab.

b. Use the Station Model drop-down to select SequentialModel.seq or click the browse
button,to goto C:\Program Files\National Instruments\TestStand
x.x\Components\NI\Models\TestStand Models and select
SequentialModel.seq.
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5. Now, you will insert your first step in the test sequence, which will test the filter on the DUT. The test

will return a Boolean value for the pass/fail result. To test this Boolean value we will use a Pass/Fail
test.

6. Expand the Tests group in the Insertion Palette, highlighted with the solid line in Figure 5, to show
all the available tests.

7. Drag the Pass/Fail test from Insertion Palette to the MainSequence as shown in Figure 5.

V. NI TestStand - Sequence Editor [Edit]
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Figure 5 Addition of Filter Test step

Rename the step Filter Test.

Now that you’ve selected the type of step, you will need to specify the LabVIEW VI this step will
call. You will use the LabVIEW VI that you saved earlier in this exercise as the code module for this
test.

a. Select the Module tab in Step Settings pane highlighted with a dashed line in Figure 5.
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b. Click the File Browse button @ on the right side of the blank file name selection.
c. Selectthe Filter Test.vi file from your Exercises directory and click OK.

This is the same V1 as you saw in Exercise 1, but it has been resized to only show the
signal graph.

d. If you are prompted with File FilterTest.vi Not Found dialog window, leave the default
selection of “Add the directory containing the file you selected to the list of search
directories”, and click OK.

10. Now that you have selected the VI, you will need to define where to store the test result in TestStand.

a. Notice that on the right side of the window there is now an image of the VI icon with an

output terminal called “Test Passed?”. This is something that has been preconfigured in
LabVIEW.

b. Click the Expression Browse button, f(x) button , to the right of the Value field.

Properties |13 Module | Data Source

Filter Test.vi v @ 15
C:AATE Hands-On\LabVIEW [3hrhSolutions\Filker Test.vi [ Show VI Front Panel When Called
FParameter Mame Type In/Out  Default Walue J -------------------- Test Passed?
=¥

Test Pagsed? Eoolean out ', il

<Mo ¥ description prezent:

| Expression Browser Dialog Box..

Figure 6 Step Settings for Filter Test window

c. This isthe Expression Browser dialog box, which you can use to interactively build an
expression by selecting from lists of variables, properties, operators, and functions.

d. Inthis case, navigate the properties of the step and select Step.Result.PassFail.
Click Insert to select that property.

e. Step.Result.PassFail isthe TestStand property that will now contain the Test
Passed value.
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Expression Browser @
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Figure 7 Use Expression Browser to build an expression

f.  Click OK to return to the Sequence Editor.
11. You have finished adding the first step to your test sequence.
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Exercise 3B: Add the LED Test step and interactively connect routes

1. Next, you will add a second step which will test the LED on the DUT. The test will return a numeric

value for the voltage that you will want to compare to limits, so the type of test you want is a numeric
limit test.

a. Drag the Numeric Limit test from the Insertion Palette to the MainSequence as shown
in Figure 8.
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Figure 8. Addition of LED Test step

b. Rename the step LED Test.
2. Just as you did for the previous test step, you will need to specify which LabVIEW VI this step calls.
a. Select the Module tab in the Step Settings for LED Test window.

Tip: LabVIEW Express Vs can be called directly by TestStand. In this case, you will
create a test step yourself using an niDMM Express VI to specify acquisition properties
and view the resulting data in the dialog box before inserting the VI into your sequence.

b. Click on the Select Express VI icon in the top-right corner of the Module tab
c. Select Measurement I/O » NI-DMM » NI-DMM/Switch Express.
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d. Configure the NI-DMM Express dialog box as shown in Figure 9.

Configuration Option Value
Measurement function Diode
Configuration Timing | Switching
Device Powerline Frequency
DMM {PXI-4071) v 60 Hz v
Basic Parameters Measurement Specific Parameters
Measurement function Auto zero
Diode [ Auto [v
Range ADC calibration
Specify Range | 10 v Auto [ae
Resolution Current source
6.5 digits v 1mé v

Figure 9 NI-DMM/Switch Express Dialog Box

IMPORTANT: If you were to run the NI-DMM Express VI now, you would receive a
message (OVLD V Diode) indicating that the signal is over range. This is because the DMM
hasn’t been connected to the LED and it is measuring infinite resistance. So, to quickly
prototype our system, you need to use the switch to connect the DMM to the LED on DUTO.
You will connect the PXI instruments to the LED and filter on DUTO in the next step.

e. Leave the NI-DMM Express VI open and continue.

3. Inaprevious exercise, you interactively made switch connections to test the filter on DUTO using the
NI-Switch Soft Front Panel. This time, you will make the necessary switch connections using a
higher-level switch configuration environment, called NI Switch Executive, to connect PXI
instruments to both the filter and the LED on DUTO.

a. Select Start » All Programs » National Instruments » Switch Executive » MAX with
NI Switch Executive.

b. Double click on BuildATE.
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£33 NI Switch Executive Virtual Devices - Measurement & Automation Explorer

]f=1%

File Edit Yiew Tools Help

Configuration

= @ My Syskemn
+# [l Data Neighborhood
= B Dewices and Interfaces
GPIED (PCI-GPIE)
+ (3] INI Switch Executive Virtual Devices
+ NI-DAQm: Devices
. P PYI System (NI PXI-8196)
3 7},‘ Serial & Parallel
¥ Traditional NI-DAG {Legacy) Devices
£ g Historical Data
+-44 Scales
-] Saftware
+-[ffll IvI Drivers
+- 8 Remate Systems

| @ ShowHide Tree J:'ﬁ Create Mew NI Switch Executive Yirtual Device >

i cutive Yirtual Devices
< BuidATE N
EviceSwitch 1

SwitchExecutiveExample

B 2 |ls)

Getting Started with NI Sw

» Create a Vitual Device
= Read Tutorial in Getting Star
= Wiew Help

Online Resources

H NI Switch Exscutive Vitual Devices ]

C.

This virtual switch device has been created specifically for this demo. All of the channels

Figure 10 NI Switch Executive

Click Show/Hide Tree to maximize the view of the virtual switch device.

have been named, and all of the routes and route groups have been configured.

d. Click on Test Panel....

) BuildATE - Measurement & Automation Explorer

e

Fle Edt Visw Tools Help
D showjHide Tree [ Save [ Revert & valid Generate Report,. Options %2} Wiew Help
Channels
Allas w1 w1
Chan  Switch Alias General Characteristics  Valus
@ Matrixl_PXI2S3 Number of Wires 1
Arb{CHO) o Matrixl PXIZS3— | | Comment Bandwidth 9,00 MHz
2 Matrix1_PXIZ53 7| Impsdance 1.00 shms
Digitizer{CHI) €3 Matrix1_PXIZ53 T Settling Time 209.0ps
o Matrixl_PXI253 R
DMIM(HT) 5 Matrixl_PRIZS3 >/ ACIDC Characteristics  ACValue  DC Value
DMM(LO) I Matrix!_PXIZS3 Hardwire Masimum Yolkags 100.0v  100.0v
PIC(ATD) o7 Matrix1_PXI253 Mone (v carry current S00.0mA  500.0 mi
MIO(ALS) 8 Matrixl_PRIZS3 Switching Current S00.0mA  500.0 mA
3 Malrix1_PRI253 Carry Power 100w 10.0W
cio Matrixl PRIZS3 [ Reserved For RaLting Switching Power 10.0W 10.0W
MIC(AOD) cll  Mabrix]_PXI253 [ Disabled
MIOAOGHD) 12 Matrix]_PRIZ53/w
Exclusions
Name: Type Name Type
Sourcechannels Fukual
SourceChannels Mukual
Comment
Excluds the connection of source (]| [ Disabled
channels
Available Channels Mutually Excluded Channels
Alias VI Chan IWl Switch Alias WIChan IWISwitch (A
@ Matrixl_PXI2532 Arb{CHO) ¢l Matrixl_PXI2532
2 Matrixl_PXIZ532 MIO(ACD) cil Matrixl_PXIZ532
Digitizer(C c3 Matrixl_PXIZ532
el o4 Matrixl_PXIZ532 [+ [
x Channels/Exclusions ‘&Q Hardwueszusesl ﬁ Houles!Emusz
m [ERX R E R 2z windo... - £ untited 2.... I3 Untitled 2 .., T NI Teststa,., | 9] Exercise 4. D40 1052 4M

Figure 11 BuildATE Virtual Device
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The NI Switch Executive Test Panel allows you to interactively select and test individual
routes and route groups associated with a virtual device. In this case, the virtual device is

called BuildATE.

To connect the filter on DUTO:

FilterTest_DUTO.

route group has now been connected.

In the Routes and Route Groups view, scroll down to the first route group called

Click on the Connect Selected Route or Route Group button. The FilterTest DUTO

Test Panel for BuildATE

Routes and Route Graups
Name

MI-SWITCH Soft Front Panel

View Help

Connected Routes and Route Groups

-~ Mame

—1 == Filter Test_DUTO
= == Filter Test_DUT1
— == Filter Test_DUTZ
=== Filter Test_DUT3
= lFli!terTest_DUT‘t

IMulticonnect Options
Use Default

Fully Sperified Path
FilterTest_DUTO

Status

4 Arb(CHO)_to_DUTD
4F Digitizer(CHLY_ta_DUTO

4 Arb{CHD)_to_DUTL
2t Digitizer(CH1)_tn_DUT1

2 ArbiCHI)_to_DUTZ
2 Digitizer(CHL)_to_DUTZ

bk Arb(CHO)_to_DUT3
4 Digitizer(CHLY_ta_DUT3

5

== FilkerTest_DUTO

e

—He
——— — [ =3
—

~

Figure 12 Test Panel for 5DUTSwitchDemo

To connect the LED on DUTO:
Scroll down to the route group called LED1Test_DUTO and select it.
Click on the Connect Selected Route or Route Group button. The LED1Test DUTO

route group has now been connected.

Now click on the Launch Debug Panel Button

Ed

e
Now click on the NI-SWITCH Soft Front Panel button to view the routes that you

just connected.
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Arb MW Digitizer || oMM || bmm puto || puto || puto || puTo
Cho Ch1 LED+ || LED- [ | FilterOut [] Filterin
ActiveNevice |Matrix v Topology |2@5211-Wire Sx6d | @
Schemat Relays
¥l P 4
re
r3
r4 & L 4
5 " 4
-]
r7
3 >_v'
Figure 13 Switch Front Panel showing configurations
k. Notice the physical switch connections that were made when you connected the routes.
The FilterTest_DUTO route connected the same routes that you connected manually in
the previous exercise. This is how NI Switch Executive simplifies route connections.
I.  Close the NI-SWITCH Soft Front Panel window.
m. Click the Exit Test Panel button to close the test panel. The route groups will
stay connected.
n. Close the Measurement & Automation Explorer window.

4. Return to the NI-DMM Express dialog box by clicking on the ‘Configure VI’ icon under the module
tab within TestStand, as shown below:

[] Show | Front Panel ‘when Called

peoemerere cignals ook

errar in

error auk

close {T)

signal out of range? out

Configures and acquires a signal using a Hational
Instrumentz digital multimeter with MI-DMM_. The
following devices are supported by this ¥I:

NI 4065
NI 4070
NI 4071
Ml 4072
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5. Select Run Once. If the LED is connected properly and is functional, the displayed value will be
around 1.6 Volts. Also notice that the diode on LEDO is lit.

(= NI-DMM/Switch Express
S » L] <
] Run RunOnce Abor Hide Help
= ~
[ View as chart Autoscale GBack ﬂ A’
01.63469 V Diode | || &
Express
. iode v
Configures and
acquires a signal using
Reslution : 00.00001 ¥ Diode NI-DMM with National
digital
— multimeters and PXI or
| configuration | Timing | Switching SCKI suiteh modules.
Device Powerline Frequency Note: NI 4050 ar\d NI
4060 DMMs
DM (PXI-4071) v 60H v supported.
Basic Parameters Measurement Specific Parameters
Measurement function Auto zero
Diode v/ Auto [v]
Range ADC calibration
Specify Range v w0y Ao [v]
Nl
Resolution Current source | By
6.5dgts  |v 1mA (v
Data
Displays the

rmeasurement,
formatted accordi ing to
ral

0K Cancel
Figure 14 NI-DMM/Switch Express Dialog Box

6. Click the OK button to return to the Sequence Editor.

7. Next you will enter an expression that specifies where TestStand stores the numeric data that the VI
outputs.

a. Inthe Value field of the signal out terminal, type in Step.Result.Numeric.

.7 Step Settings for LED Test &3]
Froperties ﬂ Module | Limitz | Drata Source
|N|-DMM.-"Switc:h Ewpress Expresz W v|- - - J .@- 2

[Express i [ Show VI Front Panel when Called B
Parameter Name Type IndOut | Default Walue mE:S|gnals out 2
+ marin Container in <uzing conflgured valuer |8 error in errar out
Close [T] Boolean in »'f.:_ ’ C|Dse (T) ................................... Signal ouk ¢ £
signals aut LabWIEWDy... [T8] out Configures and acquires a signal using
= g Mational Instruments digital multimeter
+ Efmor out Contairer out HI-DMM. The following devices are suf
this ¥I:
zignal out of range? out Boolean out
NI 4065
NI 4070
NI 4071
NI 4072 s
¢ | =]

= Step Settings 'E Output

Figure 15 Step Settings for LED Test window

b. Step.Result.Numeric isthe TestStand property that will now contain the measured
DMM value which will be compared to the limits we will define in the next step.
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8. Now that the VI has been configured, you will want to define what values are within range and allow
the test to pass.

a. Click the Limits tab in the Step Settings for LED Test window.

b. Set the limits in the Edit Numeric Limit Test dialog box to the values shown in Figure 16.
Setting the limits in this way will have this step fail only if the returned measurement, the
voltage value, is outside of 1.5V and 2.0V, which effectively tests for shorts and opens.

.7 Step Settings for LED
Properties | $8 Module |
Comparison Type | GELE [»=<=) b [fﬂ][i]
L))

bt

&

Data Source

Low
High
Units

Mumeric Format | <Default>

Measurement Must Be >= 1.5 And <=2

%% Step Settings E Output

Figure 16 Step Settings for LED Test Dialog Box

9. You have finished adding the second step to your test sequence. To save the sequence file, select File
» Save. Browse to C: \ Seminars\Automated Test System with NI
TestStand\Exercises and save the sequence as Ex3 Tests.seq.

10. Now that the tests are added and the proper switches have been connected manually, you can execute
your test sequence. Select Execute » Single Pass. If prompted, select Yes to save the sequence file.
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|

File Edit ‘Wiew Execute Debug Configure Source Control Tools  Window  Help
B : - M- M H -
12 Fitter Test.vi Bl bl B 0 B st OB AR FEGE-E-Be R Ry
s.seq [3] Te.. @ Ex4 Tests.seq [Executing] ¥ X
Signal Sine E | 7
Description Setlings Status
4
=
=]
15
-
Tirne:
Steps ‘ariables Repart
B Call Stack v B X & WWatch View - 1 X
‘watch Expression Value Type Breakpaint
&a <Enfar an axprasyion fo wafchs Fed
< AN ES
ﬁ Call Stack %’ Threads < Watch View | 5 Step Settings -#E Olutput
User. administratar Maodel: SequentialtMadel. Seq No Steps Selected Murmber of Steps: 0

Figure 17 Sequence Editor Running

11. View the test results. Notice the status of the tests and the result of the LED Test measurement is
displayed.
NOTE: The LED will remain on after the test is complete.
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i um - o LabviEw

0 Windows v ® X | @ single Pass - Ex4 Tests.seq[3] Co.. | 7 Ext Tests.seq

N -3
Sequence Files (1 ®
L = Back = Forward (G Stop [2] Refresh (3} Home [ viewer 5 print P Fortsize -
nl Exd Tesls zeq [
UUT Report
E |
Executions (1) £ Station [D | Serial Number Date Time Oparator Exacution Time | Number of Rasults UUT Result
PXIBL9E-3049 NOME Friday, Octobar 26, 2007 |9:38:58 AM |administrater | 2,8901184 seconds 2 Passad
‘ Single Pass -Exd T..
=
Other (0) Begin Sequence: MainSequence
{C:\ATE Hands-On'\ExercisesEx4 Tests.seq) [:
<] ul >
_ Steps L Vatiables . Report
&/ CollStack + B X 6 Walch View - rx
‘wiatch Expression Value | Type Breakpoint

&4 <Enfar an axprassion fo walche S|

£ 1 ] [l <

B Coll Stack | <% Theads | &5 Watch View | 5 StepSettings | 45 Oulpat |

IModel SequentisModelSeq | Report Location: C:\DOCUME ~TSADMINI-1\LOCAL . |

Figure 18 UUT Report

12. To run another test, click Execute » Restart.

13. Moving the jumper on DUTO to a different position will make either the filter or LEDs fail. Move the
jumper to C4 and run the sequence again using Execute » Restart. View the test results to see that

the Filter Test failed.

Tip: Placing the jumper on the C4 or R2 jumper pins will cause the Filter Test to fail. Placing the

jumper on the LED jumper pin will cause the LED Test to fail.
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2
P

Figure 19 DUT jumpers

14. Place the jumper back on the NONE jumper pin when finished.

15. Close the Single Pass window by pressing the Close button on the window or selecting Window »
Close Completed Execution Displays when you are finished.

End of Exercise 3
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Exercise 4: Integrating Switching into the Sequence using
NI Switch Executive

Objective: To add switching to each step such that the appropriate instruments connect to each
component on each device under test (DUT). In this exercise, you will make use of the integration of NI
Switch Executive in NI TestStand. Figure 1 shows the results of this exercise.

Additional Information: NI Switch Executive is an intelligent switch management and routing

application. You can interactively configure and name switch modules, external connections, and signal
routes using a graphical end-to-end route editor. This means you can preconfigure routes or autoroute
signal endpoints on the switch. This exercise illustrates configuring a TestStand step to automatically
perform the switching operations for the step based on a configuration created in NI Switch Executive.

NI TestStand - Sequence Editor, [Edit]

File Edit Wiew Ezecute Debug Corfigurs  Source Control Tools  Window Help
B HE X ) G4 b il W[ GEC=Ce] b 0 W B L (OHA QAR PLAE DR Bt E i m e
PH | Irseation Palette - 3 X Lﬂ] Ex Switching.seq F X
Step Types 2 ence Y sequences - R
22 Step Description Settings Sequence Comment Requirement
& Gy d
8¢ %0 a Setup 1] i [ManBenuence
43 Mumeric Limit Test  # E Main 4]
T3 Muliple Numeric Limit {5 Filter Test Pass/Fai Test. Fiter Test.vi Switch
I Suing Vale Test g For LocaleLED =1; Locals LED <= 2; Loc...
8 ac I3 LED Test Murneric: Limit Test, 1.5 <=5 <= 2, volt.. Switch
o e ¢ End
B Sequence Cal - Variables -7
f5 Statement Cleanup (0] Name Value Ty
P
72 Label - [B¥ Locals (MainSequence’)
&4l Messags Popup + [i7] Result it tira
Call Executable D @ .
Property Losder
Ep—— <At ciick fo insedt [ ocap
e = Ma .
2 dionsl Fssals - Bj Parameters ['MainSequence’]
¥ 3 Flow Control <At click fo insad Paramedars
5 £ Synchronization - [34 FileGlobals (Ex6 Switching.seq’)
D Lock <At ciick: fo insed S Giobat:
% Rendezvous + @ StationGlobals
W Queus + [1] ThisContext Sec
@ Notfication + G}, RunState
T wait
Batch Synchionizatior
[i#] Auto Schedule
Bia e Aot € A T
<
Templates 3
< >
St
B steps %% Step Seftings - x
+ [ Variables
+ (3 Sequences
<irag Template Here>
There are no steps selacted
% Insertion ... | T Windows &= Step Settings =] Output
User: administrator Model: Batchiodel seq No 5teps Selectsd Number of Steps: 4

Figure 6. Completed exercise
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Exercise 4A: Add switching to the Filter Test step

1. Follow these steps to make a working copy of the sequence that you created in the previous exercise.

a.

b.

C.

Open Ex3 Tests.seq inyour Exercises folder. If you have not finished the last exercise,

load the solution from C:\Seminars\Automated Test System with NI
TestStand\Solutions\Ex3 Tests.seq

Select File » Save As....

Go to your exercises folder, name the sequence as Ex4 Switching.seq and click Save.

In the previous exercise, you had to use Switch Executive route groups to connect the instruments to the
DUT before you could execute the test sequence. With the tight integration of TestStand and Switch
Executive, you can add switch routes to each step.

2. Now you will add a switch route to the first step in your sequence, the Filter Test.

a.

l:(} General Mame: Description:
Run Dptions Filter Test Pazs/Fail Test, FiterTestvi
Looping
Post Actions
Switching Type: e
Synchronization PassFailTest LEE Comment:
Expressions
Preconditions idanicn
Requirements ﬁ LabiIEW b’

2% Step Settings | ] Output

Click on the Filter Test step and select the Properties tab in the Step Settings for Filter Test
window.

ings for Filter Test 3]
ﬂ Module | Data Source

Property Brawser
lcon:

T8 <adapter lcor v

Figure 7. Properties Tab in Step Settings for Filter Test window

Tip: The Properties tab contains several options for configuring the step, including:

e When to load the step’s module into memory
e What conditions will cause the step to execute
o Whether TestStand executes the step in a loop

e Ways to synchronize the step with other executions

b. Select Switching.
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c. Select Enable Switching. Notice that the Filter Test step now has a “Switch” listed in the

Flow Properties column.

d. Select “BuildATE” from the Switch Executive Virtual Device ring control.

Now that you have selected the BuildATE virtual device, all of its routes and route
groups are available for you to use. To test ONLY the filter on DUTO, the route group
that you want to use is FilterTest DUTO. You could simply select that route as the
Route(s) to Connect and this test will work for fine for one DUT.

But ultimately this sequence will need to be able to test multiple DUTSs, and selecting a
“static” route doesn’t offer the scalability that you need when you want to use this same
sequence to test multiple DUTSs. Therefore, with the end result in mind, you will add this
route using an expression so that the route used during the step will change for the DUT

being tested.

e. Click on the Expression Browser, f(x) button , next to Route(s) to Connect, and type the

following expression.

“FilterTest DUT” + str(RunState.TestSockets.MyIndex)

Expression Browser

Locals
Parameters
FileGlobals

StationGlobals

ThisContest

RunState

Step

Wariable:

Locals

Inzert

Wariables/Froperties | Operators/Functions | TestStand AP

Jum—

E xpressian:

"FilterTest_DUT' + StrRunState. T estS ockets. Mylndes]
e ——

X

I

QK

” Cancel ]

Figure 8. Expression for Filter Test switch route in Expression Browser Dialog Box

This expression is used because the switch route now depends on one thing: the DUT being
tested. All of the possible path combinations have already been pre-defined in the virtual device:
FilterTest_ DUTO, FilterTest DUT1, FilterTest DUT2, and FilterTest DUT3.
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RunState.TestSockets.MyIndex isthe index of the current execution in TestStand
which equates to the DUT to be tested. Remember, this expression is used in anticipation of the
next exercise in which multiple DUTs will be tested.

f.  Click on the Check Expression for Errors button to confirm that the expression syntax is
correct. If you receive an Evaluation or Syntax Error, determine and correct the problem
before continuing.

g. Click OK to return to the Sequence Editor. Change the Connection Lifetime to Step so that
the route will disconnect when the step completes. The Properties dialog box should now
match the next figure.

&% Step Settings for Filker Test ~ I
Properties |48 Madule | Data Sourcs

General Enable Switching
Fiun Options Switch E tive Virtugl Devi v o & (.\;
Locping witch Executive Yirtual Device: BuildaTE [ ﬂJ
Post Actiong Operation: Connect [
= Switching
Route(s) ta Connect: "FilkerTest_DUT" + strfFRunState. TestS ackets. Mylndex) bl

Synchronization
Expressions
Preconditions
Fequirements
Property Browser

Multiconnect Mode: Multiconnect Routes hd

Connection Lifetime:

‘wiait for Debounce Before Executing Step

Figure 9. Filter Test Properties for Switching

3. You have successfully added switching to the Filter Test. Now continue onto Exercise 4B.
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Exercise 4B: Add switching to the LED Test step

In the previous exercise you tested one LED on the DUT, but there are actually two LEDs that need to be
tested on each DUT. Both LEDs can be tested in the same way, using the DMM Express VI, with the only
difference being where the DMM is connected on the DUT. There are a couple ways to add this test.

One way to add this test is to add a second LED Test step and add a different switch route that only
changes on one criteria: the DUT count (similar to the Filter Test step). As more LEDs are added to the
DUT, this approach requires more steps to added as well.

Another way to add this test do this is to use the same test step to test both LEDs, and configure the
switch route for the step so that it changes based on two criteria: which DUT is being tested AND which
LED is being tested. This solution is more scalable than the first in that for every new LED that is added
to the DUT, only a new switch route and another loop iteration is needed in order to test it.

For this exercise, you will use the second method. This method also allows you to use the For Loop
condition in TestStand and build and even more flexible switch expression.

1. To begin, you will need the LED Test to execute twice. TestStand offers several methods to loop on
the execution of a step based on different criteria, including using the Properties of the step. For this
exercise, you will use the For flow control step type.

a. Right-click on LED Test and select Insert Step » Flow Control » For. Inserting a For loop
will test both of the LEDs provided the step has the correct switching properties based on the
loop index.

Steps: MainSequence

Step Dezcrnphion Settings
= Setup (0]
<imserf Staps Haras
= Main (4]
5 Filer Test Pazs/Fail Test, FikerTestvi Switch
FHLED Test Murneric Limit Test, 1.5 <= x <=2, vo..

<unspecifieds

% End
<End Group:

= Cleanup [0]
<imserf Staps Haras

Figure 10. Insert For Loop

32



b. Select and drag the LED Test step after the For step and before the End step. If done
correctly, the LED Test will be placed in the middle of the For Loop. Your sequence should
match the following figure.

Steps: MainSequence

Step Dezcription Settings

= Setup (0]
<imserf Staps Haras
= Main (4]
5 Filter Test Pass/Fal Test, FiterTestvi Switch
ot For <unspecified:
BILED Test Murneric Limit Test, 1.5 <= <=2, vo..

% End
<End Group»

= Cleanup [0]
fsarf Sfaps Haras

Figure 11. LED Test inside For Loop

Now you will configure the For Loop to loop two times. In order to do that, first you will create a
local variable.

a. Ensuring that the LED Test step still selected, Right-click in the variables side window, and
select Insert Local » Number, as shown in Figure 7

Yariables

1
MHame Walue Type Comment i

- DE Locals ["Main5equence')

+ IE FesultList Anay of Resul{D.empty] |25

ai i Skring

<Aight ] Boolean

- EU FileGlobal: Ohject Reference
<Right ciick . Container

+ ‘ StationGlo Twpe 3

_____ Wiet 3

+ ThisConten Array of » Sequence Context e

+ @ RunState 3

< | >
Steps: MainSeguence Yariables

Figure 7 Add new local variable
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b. Name the variable LED. This variable will be used to initialize the For Loop.

Wariables

M arme
= E% Locals ['Main5equence']
+ @ ResultList

<A ok fo dmad Local

+ i StationGlobals

<

Walue

0

- E% Parameters ["‘Main5equence’]
A ok fo iad Paramealac

- EU FileGlobals ['Ex-5 Switching.seq’)
<Right abiak fo imert Fie (Flobal

1
Type Carnrnent [

Arrayp of Rezull]0, empty]

Mumber

Sequence Context

v<

Stepz MainSequence Yariables

Figure 8 LED local variable

3. Now you will use the LED local variable that you just created to store the value of the loop iterations.

a. Click on the Steps: MainSequence tab of the sequence editor.

b. Select the For Loop tab in the Step Settings for For window.

.7 Step Settings for For

Properties |§Q§ For Loop |

(%) Fixed Number of |terations

Mumber of Loops:

() Custom Loop

Initialization [example: Locals.« = 0

|<The EMpression cannot be emphys |[fmlv’]
Loop ariable: Condition [example: Localz.x <= 101
|<The erpreszion cannat be emphy: |[ﬂ3s-"lyf]

Increment [example: Locals.s += 11

® Step Settings -@ Clutput

Figure 9 Configure For Loop

c. Select Custom Loop to configure the loop properties using Locals.LED.

i. For the Initialization of the Loop, type Locals.LED = 1

ii. For the Condition of the Loop, type Locals.LED <= 2

iii. For the Increment of the Loop, type Locals.LED += 1
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() Fized Number of lterations (#) Custom Loop
Initialization [example: Locals.x = 0
Local: LED =
Condition [example: Locals.x <= 10]
Localz LED <=
Increment [example: Localz.s += 11
Localz LED +=
& Step Settings -PE Cutput

Figure 12 Configure For Loop Dialog Box

d. Click on each of the Check Expression for Errors buttons to confirm that the expression
syntaxes are correct. If you receive an Evaluation or Syntax Error, determine and correct the
problem before continuing.

4. Now that the step is configured to execute twice, you will need to define which route group is used
for each of the two iterations of the loop.

a. Select the LED Test step and click on the Properties tab in the Step Settings for the LED
Test window.

b. Select Switching.
c. Select Enable Switching.
d. Select “BuildATE” from the Switch Executive Virtual Device ring control.

To test ONLY the two LEDs on DUTO, the two route groups that you want to use for this test are
LED1Test DUTO and LED2Test_DUTO. If you weren’t concerned with testing multiple DUTs
later, you could create an expression to use route LED1Test_DUTO on the first loop iteration and
LED2Test_DUTO on the second.

But ultimately this sequence will need to be able to test multiple DUTs. Therefore, you will add
this route using an expression so that the route used during the step will change for both the LED
and the DUT being tested. Using an expression help to keep your switching scalable as your test
needs change.
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e. Click on the Expression Browser, f(x) button , next to Route(s) to Connect, and type the
following expression.

“LED” + str(Locals.LED) + “Test DUT” + str (RunState.TestSockets.MyIndex)

Expression Browser @

Wariables/Properties | Dperators/Functions | TestStand AP

Step

Locals
Farameters
Fil=Globals
StationGlobals
ThizContext
FunState

BB

Wariable:

Step

Inzert

w‘als.LED] +"Test DUT" + St[RunState. TestS ockets. Mylndex]

[ ok H Cancel l

Figure 13 Expression for LED Test switch route in Expression Browser Dialog Box

This expression is used because the switch route depends on 2 things: the LED being tested and
the DUT being tested. All of the possible path combinations have already been pre-defined in the
virtual device: LED1Test DUTO, LED2Test_ DUTO, LEDTestl_DUTL, ..., LEDTest2_DUTS3.

“LED” stands for the LED in the switch route and Locals.LED is the LED number. The
variable Locals.LED was created in the step and was used as the index for the For Loop.
Hence, the loop is used to manage which LED is being tested.

RunState.TestSockets.MyIndex is the index of the current execution in TestStand
which equates to the DUT to be tested. Remember, this expression is used in anticipation of the
next exercise in which multiple DUTSs will be tested.

f.  Click on the Check Expression for Errors button to confirm that the expression syntax is
correct. If you receive an Evaluation or Syntax Error, determine and correct the problem
before continuing.
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5. The MainSequence should now look like the following figure.

Steps: MainSequence

Step Degcription Settings
i Setup (0]
cimeal Sfaps Herar
= Main (4]
A5 Filker Test Pazs/Fail Test, FilterTest.vi Switch
Qé For Lozalz LED = 1; Localz LED ¢=2; Locals LED +=1
OB LED Test Murneric Limit Test, 1.5 <=x <= 2, valt, NI-DMM/Switch Express Express ¥ Switch
% End
<End Groupx
= Cleanup 0]
¢imeal Sfaps Harar

Steps: MainSequence W ariables

Figure 14 Completed Exercise 5 MainSequence

6. Select File » Save.

7. Run your sequence by selecting Execute » Single Pass. The sequence will now use switching for
each step. The LED Test will execute twice and test both LEDs on DUTO.

8. When the test has finished, examine the report. Notice the status of the tests and the result of both
LED Test measurements are displayed.

9. To run another test, click Execute » Restart.

10. Moving the jumper on DUTO to a different position will make either the filter or LEDs fail. Move the
jumper to C4 and run the sequence again using Execute » Restart. View the test results to see that
the Filter Test failed.

Tip: Placing the jumper on the C4 or R2 jumper pins will cause the Filter Test to fail. Placing the jumper
on the LED jumper pin will cause the LED Test to fail.

» .
-

Figure 15. DUT jumpers
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11. Place the jumper back on the NONE jumper pin when finished.

12. Close the Single Pass window by pressing the Close button on the window or selecting Window »
Close Completed Execution Displays when you are finished.

End of Exercise 4
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Exercise 5: Perform Auto Schedule Parallel Testing

Objective: To test the filter and LEDs on all four DUTSs in parallel, using the TestStand Batch Process
Model and Auto Scheduling. Figure 1 shows the results of this exercise.

. NI TestStand - Sequence Editor [Edit]

Edit Wew Execute Debug Configure Source Control Tools Window Help
SHB X VLI . =LA E L B SO A AR PLEB e s® B E B8 HAMS,
¥ Insertion Palette = ® %X | e et parallelseq | =
Step Types & Sequences -~ B
— Step Description Settings Sequence Comment Requirement
& G .
@& 5% ® Setup (0 B [ihainS squence
I8 Mureric Limit Test & 1 Main (8) [E LED Test Sequence
3 Mulliple Numeric Linit Auta Schedule Timeout: <no imsout:
I8 Sting Value Test " fia Use Auto Scheduled Reso._. "Arb" Diglizer”
3 st | {3 Filter Test Pass/Fail Test, Filter Test vi Switch
o o ¢ End
& Sequence Cal fis Use Auto Scheduled Reso... "DMM" Vaiisbles A
S Statement | @ Call LED Test Sequence Call LED Test Sequence in <Curent Fi... Narns WYalue Ty
8
[zx Label © End - [E Locals [MainSequence’)
% End
g Message Popup SR -+ [I7] Resultist Ang
CallExecutable Cleanup (0] <At ciick: fo insert L ocal
Property Loader . . .
= - B} Parameters [MainS equence’)
& FTPFies e it i ot £
oD pddtional Resulls <SR click do insest Pasamater>
03 Flow Control = IEU FileGlobals ['Ex7 Parallel.seq’)
[=Eer) Synchronization SAght clck fo insedt Fiie Globalb
9 Lock + @ StationGlobals
% Rendezvous + ThisContext Se
o Queue 1 + [, RunState
@ Matific-ation
T wai
Batch Synchrarizatior
L=l Auta Schedule
B e nae o
£ |
Templates E
£ >
+ 3 Steps
. &= Step Settings - B X
+ [ Variables
+ 3 Sequences
<rag Fempiaie Here:
There are no steps selected.
3| Insertion | @ Windows &% Step Settings | #=] Ouiput
Uszer: administrator todel: BatchiMaodel seq Mo Steps Selected Mumber of Steps: 8

Figure 16. Completed exercise
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Exercise 5A: Add subsequence to the test sequence

In this exercise, you will be adding a subsequence. Subsequences allow you to modularize portions of a
sequence into smaller sequences that are easier to manage and maintain. Breaking up a sequence file into
manageable segments is similar to how a program developer breaks up sections of a program into separate
functions. Each smaller segment has a very specific purpose and contributes some basic functionality to
the calling sequence. Like functions, subsequences can be called by any sequence. This reusability and
modularity make subsequences very handy.

1. Follow these steps to make a working copy of the sequence that you created in the previous exercise:
a. Open Ex4 switching.seq inyour Exercises folder or Solutions folder.
b. Select File » Save As....
c. Name the sequence as Ex5 Parallel.seq and click Save.

2. Now you will create a subsequence to contain the LED Test steps. Adding a subsequence to this
exercise isn’t necessary to test multiple DUTs, however, it is included to provide you with a better
understanding of how subsequences can help you create modular, reusable sequences.

a. Select View » Sequence File » Sequences to be sure to display the Sequences view. Notice
that there is only one sequence, named MainSequence, in this sequence file.

b. Create another sequence by right-clicking in the Sequences view and selecting Insert
Sequence from the context menu.

LA S cqusnces
Sequence Comment Reguirement

MainSequence

—
< Insert Sequence >

b- Run MainSequence

Y ariables X - 1
Mame Ty
- [E Locals I
+ [11] Result Az
<Aight clic

= Rename Fz
= E% Paramete =

<Bight chic Sequence File Callbacks. ..

- |2@ FileGlobz
<ANgF ciicy
StationG
* Display File Hierarchy
+ 7] ThisCont I - Sen
Display Hierarchy Using »
+ RunState
View 3
Columins 3

Figure 17. Insert Sequence

c. Name this sequence LED Test Sequence. Now that you have created the subsequence, you
will need to move the LED Test steps from the MainSequence into the subsequence.
Remember that the LED Test steps include not only the LED Test step and the For Loop, but
also include the LED local variable. Each need to be moved into the subsequence.
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d. Select MainSequence.

e. To move the For, LED Test and the first End steps to the subsequence, you will click on the
For step, hold <Shift> and then select the End step. Right-click on the highlighted group and
select Cut.

Steps: MainSequence i | | Sequences

Step Dezcription Settings
Setup (0]
= Main [4)

ilker Test azz/Fail Test, Filker Test v wike
Filter T Pazz/Fail T Filker T i Switch
For | eals | FO =11 nealz | FO o« C.

b LED Test Insert Step
+ End
<End Group> Variables
Cleanup (0] Mame

- E‘E Locals ["‘MainSequ

Step Setkings + @ ResultList

[z LED
Breakpaint »
<A olick fo e {
Run Mode 4 = .
— - E% Parameters ["Main
< s Cot Cerl > <Aight click fo et
|:D Copy ChrH+-C - Eﬁ FileGlobals ['Ex6 !
=" P o R O S R

Figure 18. Cut LED Test Steps from MainSequence

f. Select LED Test Sequence.

g. Right-click on <Insert Steps Here> and select Paste from the context menu. When this
subsequence is called by other sequences, it will test the voltages of the LEDs on the DUTSs.

[ =l | Sequences

Step Dezcription Settings Sequence
Setup [D] I Bl pd o =
= Main 0] £ [LED Test Sequence
simserd Sfaps Harad

Cleanup (0] Insert Skep b

Wariables

Mame
Step Settings - E% Locals ['LED Test Seq
+ E ResultList
<Fight ciick fo imsar Local
= Eﬁ Parameters ['LED Tesl
& <A ik fo drsad Paran
h = Eﬁ FileGlobals ['Ex6 Swit

T o D J—

B T TSN ] W SN

EBreakpoint 4

Figure 19. Paste LED Test Steps in subsequence
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h. Select MainSequence.

i. Select Variables tab, right-click on the LED local variable and select Cut.

« ' Sequences - I

_jﬁﬂu&nﬁi\ Comment Requirement

a2 ip ey

Walle Ty

Marne
= E% Locals ['MainSequence’)

= E% Parameters ["Man
i clek fa imear
B e e 0 0 o~ Deleke

Figure 20. Cut LED Local Variable from MainSequence

Del

j-  Select LED Test Sequence
k. Right-click on <Right click to insert Parameter> and select Paste from the context menu.

« B | Sequences -~ 1

Sequence Comment Requirement

]
&

iLED Test Sequence 9

‘Wariables

Mame Value Ty
- Ei% Locals ['LED Test Sequence')
+ ﬁlﬂ ResultList A

o it L ocgls

- E% Parameters ['LED Tes eyt L) ’

<light click fo insert Fara
- EO FileGlobals ['ExE Swj
<Aight alick fo inset File T
Figure 21. Paste LED Local Variable into subsequence

3. Now that the LED Test Sequence is finished, you will need to call this new subsequence from the
MainSequence.
a. Return to MainSequence and select the Steps: MainSequence tab.
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b. Drag and drop a Sequence Call step after the Filter Test step and name the newly inserted
step Call LED Test Sequence.

"E Ingertion Palette > 3 X | - j Ex7 Parallel.seq®

Step Types * ainSequence

T | - e Step Description Settings
- C :

EEIER N Setup (0]

3 stingvalue Test & = Main [2]
" 43 Filter Test Pazs/Fail Test, Filer Test.vi Switch

B4 CallLED Test Sequence Call LED Test Sequence in <Current Fi...
<End Group:
Cleanup [0]

2 Sequence Call

:

% Label

@ Message Popup
Call Executable
Property Loader
2. FTP Files

Figure 22. Selecting Sequence Call

c. Select the Call LED Test Sequence, and select the Module tab.
d. Enable the Use Current File checkbox and change the Sequence to LED Test Sequence.

& Step Settings for Call LED Test Sequence - 1 X

Properties I__.;"’)I_I Module |

File: Pathname: <Cunent Sequence File>
CAATE Hands-OntLabvIEW [3hr\E xercises\Ex7 Parallel seq Use Current File
L

< =
Sequence: LED Test Sequence ) . ‘ ‘ Hore vl @
Use Prototype of Sequence e}

Parameter Mame Type Default | Value How Pazsed

&% Step Settings '@ Output

Figure 23. Edit Sequence Call

4. You’ve successfully added a subsequence for the LED Tests to your main test sequence.
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Exercise 5B: Add Auto Scheduling and configure the Batch Process Model

You will add the Auto Schedule step type to the MainSequence. When you add the Auto Schedule step
type, it includes an Auto Schedule Resource. An Auto Schedule Resource performs two functions. First, it
provides a lock around the included steps. This means only one thread can execute the steps at a time.
Second, it identifies a block of steps that can be reordered with any other block of steps contained within
an Auto Schedule Resource within the same Auto Schedule group.

1. Configure the Arb and Digitizer as Auto Schedule Resources for the Filter Test.

a. Drag and drop an Auto Schedule step (located in the Synchronization folder) after the Filter
Test step.

il 7| Ex7 Parallel.seq*

"E Inzertion Palette

Step Tupes 2 \Sequence U | Sequences
T | - . Step D escription Settings Sequence
& G p
EIEY RS g :
F Statement 5 = Main (5]
E Lahel 15 Filter Test Pass/Fail Test, Filter Testvi Switch
@ Message Popup Auto Schedule Timeout: <na timeouts
! fia Use Auto Scheduled Reso. ..
Call Executable i E:: uto seheduled heso
Froperty Loader ¢ End ‘Wariables
%; FTP Files @ Call LED Test Sequence Call LED Test Sequence in <Current Fi... Mame
*B5 Additional Results <End Group> - [ Locals [
#-C3 Flow Control Cleanup (0] + [T7] Resul
B ilynchromzallon <Right alc
o Lock =
- B2 Paramet
% Rendezvous ) )
M (Jueus <High el
- [3@ FileGlob
<Aight alc
+ i StationG
+ [74] ThisCon
v eduled F + RunStat
#C3 Advanced + ] Step (A

Figure 24. Move Filter Test into Auto Schedule Resource

b. Drag and drop the Filter Test step after the Use Auto Scheduled Resource step.
~ |ﬁ| Ex7 Parallel.seq®

= MainSequence

Step
Setup (0]
= Main (5]
l;‘ﬂ Auto Schedule
i fia Uze Auto Scheduled Reso...

Description Settings

Timeout: <o timeout>

Pass/Fail Test, Filter Test.vi

Switch

. % End
¢ End
@ Call LED Test Sequence
<End Group>
Cleanup (0]

Call LED Test Sequence in <Curent Fi...

Figure 25. Move Filter Test step in Auto Scheduled Resource
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c. Click on the Use Auto Scheduled Resource step and ensure the Auto Scheduled Resource
Settings tab is selected in the lower half of the screen.

d. Left click on the field that currently says <The Expression cannot be empty> and enter the
following string including quotes and the comma: “Arb”, “Digitizer”

&% Step Seltings for Use Auto Scheduled Resourcs > 3 X

Properties e Auto Scheduled Resource Settings |

Resource Lock Alternatives:

[ < The expression cannot be emD @]M
-~
b

MOTE: Specity a lock name or reference expression for each altemative. [Specify an anay for an item to lock multiple locks).

Acquired Lock [Additional Output String) [frea] v ]

Figure 26. Configure Filter Test Resource

e. Press the Enter key to return to the sequence.
2. Configure the DMM as an Auto Scheduled Resource for the LED Test.

a. Drag and drop a Use Auto Schedule Resource step (located in the Synchronization folder)
after the existing Use Auto Schedule Resource step as seen in figure 12.

Step Types S MainSequence
= o Step Description Settings
& G 4
B D W = G
) Staternent 5 <lmzerdt Sleps Heres
% Label = Main [3)
@ Message Popup tﬂ Auto Schedule Timeaut: <no Hmeout:

& Use Auto Scheduled Resource  "Arb", "Digitizer”

Cal Executable 5 Filter Test Pass/Fail Test, Fiter Test vi Switch

Property Loader
£ FTP Files

PED Additional Results . % End
3 Flow Control + End
) Synchronization Iiri‘)[;l Call LED Test Sequence Call LED Test Sequence in <Current File>
<End Group>
9 Losk = Cleanup (0]
&% Rendezvous <hnsen Staps Hereo
W [Jusue /
@ Motification
B wai

Batch Syunchronization

<Ei Use Auto Scheduled Resc :'

Figure 27. Add a second Use Auto Scheduled Resource step
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b. Drag and drop the Call LED Test Sequence step after into the Use Auto Scheduled Resource

group as seen in Figure 13.
Steps: MainSequence ~ 1
Settingz

Step Drescription

Setup (0]
= Main (8]
: ] Auto Schedule
fim Use Auto Scheduled Res...
50 Filter Test Pazz/Fail Test
¢ End
fim Use Auto Scheduled Res...
_> @I Call LED Test Sequence
¢ End
% End
<End Groupz
Cleanup (0]

Timeout: <no timeout:

Figure 28. Insert Call LED Test Sequence into Auto Schedule Resource

Left-click on the second Use Auto Scheduled Resource step to view the Step Settings for Use
Auto Schedule Resource.

d. Left-click on <The expression cannot be empty> as shown in Figure 14 and then enter the
following string including quotes: “DMM?”

> 3 X

&% Step Seltings for Use Auto Scheduled Resourcs

Properties fha Auto Scheduled Resource Settings

Resource Lock jves:

< The expression cannot be empty.

MOTE: Specify a lock name or reference expression for each altemative. [Specify an anay for an item to lock multiple locks).

Acquired Lock [Additional Output Sting).

Figure 29. Configure LED Test Resource

e. Press the Return key to exit the text field.
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3. The result should match the following figure.

Steps MainSequence

Step Description Seftings
Setup (0]
= Main [8]
£ Auto Schedule Timeout; <no bimeouts
s Use Auto Scheduled Res___ "Ah" ' 'Digitizer"
A5 Filter Test Pazs/Fail Test
% End

{4 Use Auto Scheduled Res___ "DitdM"

?U Call LED Test Sequence
% End
% End
<End Group:
Cleanup [0]

Figure 30. Completed Exercise 4 MainSequence

4. Now you will change the process model to the Batch process model.

c. Select Configure » Station Options and select the Model tab.
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d. Use the Station Model drop-down to select BatchModel.seq or click the browse button,
togoto C:\Program Files\National Instruments\TestStand
x.x\Components\NI\Models\TestStand Models and select BatchModel.seq.

Station Options fg|

User Manager Localization Remate Execution Source Contral
Execution Time Lirnits Preferences | Madel

Uze Station Maodel
Allows Other Models

v @

SequentialModel Seq
ParallelMadel seq

-

Figure 31. Select Batch Process Model

e. Select OK to return to the sequence file.

5. Now that you have selected the Batch Process model, you will need to specify the total number of test
executions that will be performed in parallel on multiple sockets as a group.

a. Select Configure » Model Options.
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b. Select the Number of Test Sockets as 4.
Note: Later you can try 1, 2, or 3 Test Sockets to see the results.

% Model Options

ultiple UUT Settings

Mumber of Test Sockets

™ Hide Execution Windaws

W Tile Exscution Windaws

Batch Settings

[ Sequential Batch Mode

Default Batch Synchranization
Dian't Synchronize hi

[ Discard Results or Disable Besults When Not Bequired by Model

Help

Cancel

Figure 32. Model Options Dialog Box

c. Select OK.
6. Select File » Save.

7. Maximize the TestStand Sequence Editor window.
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8. Select Execute»Single Pass to run the sequence file.

File Edit “iew Execute Debug Configure  Source Contral  Tools  Window  Help

HEHB K DB o m(GE(EC| b o1 B atvEw OB AIAR P E-B- 0@ BR WL,
2 windows = B @  socket: 0 Single Pass - Test Sack... ] o | @ socket: 1 Single Pass - Test Sack... 1 o
Steps - 1 Steps - 1

Sequence Files (1) A — - — -
Step Drezcription Settings Status 5 Step Drescription Settings Status ]

Auto__ Active, Timeout: . Dane 'ﬁ Auto__ Active, Timeout: ... Done
- i EPARTRT= e = P T Y ST

B FilterTest.vi % 4RI F Pass/Fail Test, ... Switch

. % End v

|§j Ex-E Parallel.zeq [E...

. %
Erecution= (3 = Filter Response i Plok 0 = teps }, Variables j, Repot
Single Pass - Ex6 .. 1.1+ socket: 3 Single Pass -- Test Sock... hd r X
~ 1
Socket: 0 Single P... 0.5- Step Drescription Settings Status ~
] Auto.... Active, Timeout: .. Dane

TBa U ab" Digitizer"
- Pass/Fail Test, . Switch
¢ End 2

teps “ariables Repart

Socket: 1 Single P...

Amplitude

Socket: 2 Single P... -0.5-

Socket: 3 Single P... :. 4.1- ! ! ! ! | - 1 X
200u 4000 600y 500U m i Tome Freakpoirt
Time:
S|
oOther (0)
< | 3£ >
i Call Stack | % Threads &< Watch View | 5 Step Settings '@ Output
User: administrator todel: Batchtadel. seq Mo Steps Selected Murnber of Steps: 10

Figure 33. Executing sequence

9. You will see four executions appear on the left side of the window. TestStand will test the sockets in
parallel. Each socket tests a different DUT (DUTSs 0-3).

10. When the test has finished, examine the Batch Report. To run another test, click Execute » Restart.

11. Moving the jumper on any of the DUTS to a different position will make either the filter or LEDs fail.
Move a jumper(s) and run the sequence again using Execute » Restart. View the test results to see
that the appropriate test(s) fails.

12. Place the jumper(s) back on the NONE jumper pin when finished.

13. Close the Single Pass window by pressing the Close button on the window or selecting Window »
Close Completed Execution when you are finished.

End of Exercise 5
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