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Conventions

The following conventions are used in this manual:

<> Angle brackets that contain numbers separated by an ellipsis represent 
a range of values associated with a bit or signal name—for example, 
DBIO<3..0>.

» 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.

bold Bold text denotes items that you must select or click on in the software, 
such as menu items and dialog box options. Bold text also denotes 
parameter names.

italic Italic text denotes variables, emphasis, a cross reference, or an introduction 
to a key concept. This font also denotes text that is a placeholder for a word 
or value that you must supply.

monospace Text in this font denotes text or characters that you should enter from the 
keyboard, sections of code, programming examples, and syntax examples. 
This font is also used for the proper names of disk drives, paths, directories, 
programs, subprograms, subroutines, device names, functions, operations, 
variables, filenames and extensions, and code excerpts.
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1
Introduction to NI Display Test

This chapter introduces NI Display Test, teaches you how to set up the 
NI Display Test application platform, and describes documentation 
resources that can help you successfully develop your flat-panel display 
inspection system. 

Note If you did not purchase the standard application platform and want to build a display 
inspection system from individual components, follow the installation instructions in the 
NI Display Test Release Notes located in your software CD case. Then read ahead to the 
Software Documentation section of this chapter.

NI Display Test is an application platform created for people who need to 
use automated visual inspection to evaluate flat-panel displays on such 
equipment as cell phones, PDAs, vehicle panels, and computers. Research, 
design, and validation engineers can use NI Display Test to perform 
detailed analysis and functional performance tests on display prototypes. 
Manufacturing test managers can use the platform to perform fast, reliable, 
end-of-production tests with a proven system.

NI Display Test contains modules—or steps—of common display 
inspection tasks that you can use to build a test sequence within National 
Instruments TestStand. TestStand is a ready-to-run test executive for 
organizing, controlling, and executing your automated prototype, 
validation, or manufacturing test system. Within TestStand, you can 
customize the NI Display Test steps to meet your needs, and you can 
integrate your own tests into the sequence.

NI Display Test also ships with a library of C functions that you can use to 
create your own display inspection steps. In order to use these functions, 
you must have IMAQ Vision 6.0 for LabWindows/CVI or later installed on 
your computer.
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NI Display Test Components
The standard NI Display Test application platform comes with the 
following components. All of the software components come installed with 
your platform.

• PXI-1000B—An 8-slot chassis that accepts both 3U PXI and 
3U CompactPCI modules. The following modules come installed in 
the PXI-1000B chassis:

– PXI-8176 1.2 GHz Pentium III-based embedded controller.

– PXI-1411 color or monochrome image acquisition device.

• BNC and S-Video cables—Cables that connect the PXI-1411 to your 
camera.

• NI Display Test Application Software—The following pieces of 
software form the NI Display Test application software.

– TestStand—A test management system for organizing, 
controlling, and executing your automated prototype, validation, 
or manufacturing test system.

– NI Display Test step types—Step types you can use inside 
TestStand to configure and run Display Test functions.

– NI Display Test function library—Functions for inspecting 
flat-panel displays and their housing. The NI Display Test DLL 
calls the IMAQ Vision run-time DLL for low-level image 
processing. These functions are the foundation of the display 
inspection steps that make up your test sequence.

– IMAQ Vision and OCR Run-time DLLs—Run-time DLLs 
for National Instruments machine vision and image processing 
software. For more information about IMAQ Vision and OCR, 
visit ni.com/imaq.

– NI-IMAQ—Driver software for National Instruments image 
acquisition devices.

• Measurement & Automation Explorer (MAX)—An interactive tool 
for configuring National Instruments hardware devices.

Note For information about purchasing cameras, optics, and lighting, contact your 
National Instruments sales representative.
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Setting Up Your Application Platform
Before you begin creating and executing NI Display Test test sequences, 
you need to set up and configure your application platform. Follow these 
instructions to set up the components of your NI Display Test application 
platform.

1. Carefully inspect the shipping container and the PXI-1000B for 
damage. Check for visible damage to the metal work. Check to make 
sure all handles, hardware, and switches are undamaged. Inspect the 
inner chassis for any possible damage, debris, or detached 
components. If damage appears to have been caused in shipment, file 
a claim with the carrier. Retain the packing material for possible 
inspection and/or reshipment.

2. Attach input power through the rear AC inlet of the PXI-1000B using 
the appropriate line cord supplied.

3. Attach your camera to the PXI-1411 image acquisition device with the 
provided BNC or S-Video cable or your own compatible cable.

4. Configure your acquisition through MAX.

a. Open MAX by double-clicking the Measurement & Automation 
icon on your desktop.

b. In the MAX Configuration tree, expand Devices and Interfaces 
and IMAQ PXI-1411 to see Channel 0.

c. Right-click Channel 0 and select your camera from the drop-down 
menu.

d. Click the Properties button in the toolbar to view the properties 
you can set for your camera.

Notice that Image Representation is set to HSL 32-bit by 
default. The NI Display Test color processing functions process 
color images in the HSL color space because it is faster and 
provides more accurate information than the RGB color space. 
If you need to inspect color features on your displays, use the HSL 
color space. However, if you do not need to inspect color features, 
set Image Representation to Luminance 8-bit.

Note If you purchased an IMAQ device apart from the Display Inspection platform, 
Image Representation is set to RGB 32-bit.

e. Click the Snap button to acquire a single image. Notice that the 
acquired HSL image does not look like a real-world representation 
of the scene. 
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f. Set Image Representation to RGB 32-bit.

g. Click the Grab button to start a continuous acquisition. Notice 
that the continuously acquired images now look like real-world 
representations of the scene.

h. Click Grab again to stop the acquisition.

5. Set up your imaging environment such that it produces images with 
enough quality to extract the necessary information about the displays 
and housing under inspection. For more information, refer to 
Appendix A, Setting Up Your Imaging Environment.

Tip Acquire continuous color images in the RGB color space while positioning your 
lighting devices and focusing your camera to help you determine the best possible imaging 
setup. Set Image Representation back to HSL 32-bit before acquiring images of the 
displays you need to test.

Useful Documentation
NI Display Test comes with the following documentation resources to help 
you set up your hardware, design test sequences, and run your display 
inspection application.

Hardware Documentation
The following hardware manuals come with NI Display Test:

• PXI-1000B User Manual—Read this printed document to learn about 
the features of the PXI-1000B mainframe and how to configure the 
mainframe, install modules, and operate the mainframe.

• Additional Information About Your PXI-1000B—Read this printed 
document for supplemental information to the PXI-1000B User 
Manual.

• NI 8171 Series Installation Guide—Read this printed document for 
information about installing your NI 8176 controller in a PXI chassis. 
The NI 8176 controller comes installed with the purchase of a standard 
NI Display Test platform.

• NI 8171 Series User Manual—Read this PDF document for detailed 
instructions about installing and configuring your National 
Instruments NI 8176 embedded computer kit. You can access this 
document from the Start menu.

• IMAQ PCI/PXI-1411User Manual—Read this printed document to 
learn about the hardware functions on your PXI-1411 board, operation 
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of each functional unit on the board, optional equipment and custom 
cables, board specifications, and color concepts.

Software Documentation
The following NI Display Test application software documents come with 
NI Display Test:

• Getting Started with NI Display Test—Read this printed document to 
learn how to set up NI Display Test hardware, build a test sequence, 
and run a test from within TestStand.

• NI Display Test User Guide—Refer to this help file to learn conceptual 
information about NI Display Test, how each test works, which types 
of patterns to generate for particular tests, and which parameter 
settings to choose for each test. You can access this file by going to the 
<Display Test>\Docs directory or by selecting it from Start»
Programs»National Instruments»Display Test»Documentation.

• NI Display Test Function Reference—Refer to this help file for 
descriptions of the NI Display Test functions, structures, and 
enumerations, as well as their parameters. You can access this file 
by going to the <Display Test>\Docs directory or by selecting it 
from Start»Programs»National Instruments»Display Test»
Documentation.

The following NI-IMAQ documents come with NI Display Test:

• NI-IMAQ User Manual—Refer to this PDF document for information 
about NI-IMAQ, driver software that performs image acquisition and 
processing without register-level programming. This document 
contains example code, tips, and techniques to help you successfully 
acquire images. You can access this document by going to the 
<NI-IMAQ>\Docs directory or by selecting it from Start»Programs»
National Instruments»Vision»Documentation.

• NI-IMAQ Function Reference Manual—Refer to this PDF document 
for information about high-level and low-level NI-IMAQ functions 
and their parameters. You can access this document by going to the 
<NI-IMAQ>\Docs directory or by selecting it from Start»Programs»
National Instruments»Vision»Documentation.

The following TestStand documents come with NI Display Test:

• Getting Started with TestStand—Read this printed document to 
familiarize yourself with the TestStand environment and the basic 
TestStand features for building and running test sequences.
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• TestStand User Manual—Refer to this printed document for 
information about TestStand concepts, techniques, and features.

• Readme.txt—Read this file for information about installation, 
programming considerations, and changes too recent to include in the 
printed TestStand documentation. You can access this document by 
going to the <TestStand>\Doc directory or by selecting the 
appropriate document from Start»Programs»National 
Instruments»TestStand»Readme Files.

• TestStand Release Notes—Read this document for system 
requirements, installation instructions, new features, and updated 
information to help you begin using TestStand. You can access this 
document by going to the <TestStand>\Doc directory or by 
selecting the appropriate document from Start»Programs»National 
Instruments»TestStand»Online Help.

• TestStand Process Model—Read this PDF document for a detailed 
overview of the architecture and implementation of the process models 
that ship with TestStand. You can access this document by going to the 
<TestStand>\Components\NI\Models\TestStandModels 
directory and selecting TestStandProcessModel.pdf.

• Operator Interface Manual—Refer to this document as a starting point 
for a custom manual for operator interfaces that are based on the 
TestStand operator interface examples. You can access this document 
by going to <TestStand>\Doc and selecting 
OperatorInterfaceManual.doc.

• Operator Interface readme files—Use these files to familiarize 
yourself with the general architecture and components of the operator 
interface and to get information on how to make modifications to the 
operator interface. TestStand ships with an operator interface readme 
for LabWindows/CVI, LabVIEW, Delphi, and Visual Basic. You can 
access these documents by going to 
<TestStand>\OperatorInterfaces\NI and selecting the 
appropriate subdirectory.
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2
Building an NI Display Test 
Sequence

This chapter introduces the TestStand sequence editor interface and 
describes how to create and run an NI Display Test test sequence in the 
sequence editor. Follow the numbered instructions in this chapter to open 
TestStand, build and configure an example test sequence, and run the 
example test sequence.

Figure 2-1 shows the general steps to building an NI Display Test sequence 
within TestStand.
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Figure 2-1.  General Steps to Building an NI Display Test Sequence
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Opening the TestStand Sequence Editor
Follow these instructions to open the TestStand sequence editor:

1. Launch TestStand by going to the Start system menu and selecting 
Programs»National Instruments»TestStand»Sequence Editor. 
After the sequence editor displays a main window, the Login dialog 
box appears.

2. If the default user name is not administrator, click the User Name 
control and select administrator from the popup list. 

3. The default password for the administrator user login is empty, 
so click OK without entering a password.
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Elements of the Sequence Editor
Figure 2-2 shows the sequence editor interface. The sequence editor has 
four main parts: the menu bar, the toolbar, the development workspace, and 
the status bar. For more information about these parts, refer to Chapter 2, 
Sequence Editor Concepts, in the TestStand User Manual.

Figure 2-2.  Sequence Editor Main Window

Menu Bar
The menu bar contains the following menus: File, Edit, View, Execute, 
Debug, Configure, Source Control, Tools, Window, and Help. Browse 
the menus in the sequence editor to familiarize yourself with their contents. 
For more information about each menu item, refer to Chapter 4, Sequence 
Editor Menu Bar, in the TestStand User Manual.

Toolbar

Status Bar

Menu Bar

Development
Workspace
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Toolbar
The toolbar contains shortcuts to commonly used commands on the menu 
bar. As shown in Figure 2-3, the toolbar contains three sections: standard, 
debug, and environment.

Figure 2-3.  Sequence Editor Toolbar

• Standard section—Contains buttons for creating, loading, saving, 
cutting, copying, and pasting sequence files.

• Debug section—Contains buttons for executing a sequence, stepping 
into, stepping over, stepping out of, pausing, and terminating an 
execution.

• Environment section—Contains the adapter selection ring, buttons 
for opening other TestStand windows, and a button to bring an open 
workspace to the front. 

Development Workspace
The development workspace is the main area in the sequence editor. In this 
area, the sequence editor displays child windows for each sequence under 
development. 

Status Bar
The status bar displays information about the state of the sequence editor. 
As shown in Figure 2-4, the status bar contains three sections: selection 
help, login display, and model display.

Figure 2-4.  Sequence Editor Status Bar

Standard Debug Environment

Selection Help Login Display Model Display
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• Selection Help—Displays the currently selected menu item or the 
current execution state.

• Login Display—Displays the user name of the current user.

• Model Display—Shows the pathname of the process model file.

Building a Test Sequence
On startup, the sequence editor loads a blank sequence file. To build a test 
sequence, you need to add configurable steps to the sequence file.

NI Display Test Steps
The TestStand Full Development System ships with a set of predefined 
steps. For a description of the predefined TestStand step types, refer to 
Chapter 10, Built-In Step Types, in the TestStand User Manual. 

NI Display Test application software adds additional steps for testing 
flat-panel displays and their housing. The following list describes 
these steps:

• Load Simulation Image—Loads an image of a flat-panel display 
from file. Use this step when you want to experiment with different 
tests but you do not have your acquisition hardware set up.

• Alignment—Computes the location, orientation, and skew of the 
display. It also can compute the location of the housing that surrounds 
the display as well as the pixel gap between the display and the 
housing.

• Pixel Defects—Detects defective rows, columns, or individual pixels.

• Contrast—Computes the average intensities of the black regions and 
the white regions of the display and then returns the absolute difference 
between the mean black and mean white intensity values as the 
contrast of the display pixels.

• Icon Presence—Searches for areas in an image that match a given 
grayscale or color icon.

• Gross Defects—Locates, counts, and measures defects—such as 
scratches and blemishes—in an inspection region.

• OCR—Reads a string of characters on the display and determines 
whether the string matches the expected output.

• Segment Distortion—Locates groups, or segments, of display pixels 
in an image and computes the distortion of the segments.
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• Character Verification—Finds characters in the image similar to a 
pattern that you specify and determines the similarity between each 
character and the pattern.

• Grayscale Illumination—Divides the inspection region into 
rectangular bins and computes the intensity statistics for each bin. 
You can specify the number of bins you want to use.

• Color Illumination—Divides the inspection region into rectangular 
bins and computes the color statistics for each bin. You can specify the 
number of bins in the inspection region and the color model you want 
use to compute the statistics.

• Housing Color—Compares the color of the display housing to a color 
template.

• Keypad Backlight—Computes the color statistics of the backlight.

• Keypad Inspection—Searches areas in an image to verify that all the 
keys on a keypad are present and of good quality.

Custom Pattern Generation Steps
The following NI Display Test steps inspect flat-panel displays for quality 
pixels:

• Alignment

• Pixel Defects

• Contrast

• Icon Presence

• Gross Defects

• OCR

• Segment Distortion

• Character Verification

• Grayscale Illumination

• Color Illumination

By default, each of these steps displays a simulation image of a display 
whose pixels are in a pattern conducive for the type of inspection that the 
step performs. These simulation images are convenient when you want to 
experiment with NI Display Test to see how it works.

For your real-world application, you need to create a code module that 
generates patterns on the displays you want to inspect. You can incorporate 
the pattern generation code module into your NI Display Test application 
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in two ways. The simpler way is to call the code module using a TestStand 
Action step. To add an Action step, right-click in an open area of the 
development workspace and select Insert Step»Action from the context 
menu that appears. The better way is to wrap the pattern generation code 
module in a custom step type. For instructions about creating a pattern 
generation step type, refer to the NI Display Test User Guide.

Adding NI Display Test Steps to the Test Sequence
Follow these instructions to add NI Display Test steps to an example test 
sequence. 

Note In this example, you insert steps that load simulation images of displays instead of 
custom steps that generate patterns.

1. Right-click in an open area of the Sequence File window, and select 
Insert Step»Display Test»Load Simulation Image from the context 
menu, as shown in Figure 2-5. TestStand gives the step a default name, 
which appears highlighted immediately after you add the step to the 
sequence.
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Figure 2-5.  Selecting and Inserting an NI Display Test Step

2. Rename the step by typing Load Black Image while the default 
name is highlighted. Renaming a step is optional. If you want to 
rename a step after the name becomes deselected, right-click the step 
name and select Rename from the context menu.

3. Add the following steps in order. When you are finished, the sequence 
editor should look like Figure 2-6.

• Alignment

• Pixel Defects

• Load Simulation Image (rename Load Checkerboard Image)

• Contrast

• Load Simulation Image (rename Load Keypad Image)

• Keypad Inspection
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Figure 2-6.  Example Test Sequence

Note If you do not insert a Load Simulation Image step before an inspection step, 
the inspection step uses the simulation image from the previous inspection step. In the 
sequence you just created, the Pixel Defects step uses the same simulation image as the 
Alignment step.

4. Select File»Save As, and save the sequence as DTexample1.seq 
in the <TestStand>\Tutorial directory.

Configuring an NI Display Test Sequence
Each Display Test step type has a unique configuration interface through 
which you configure the parameters for each step type. You can access the 
configuration interfaces by right-clicking on the step you want to configure 
and selecting Configure or by selecting the step and pressing <Ctrl+E>.

Configuration interfaces have an Image area in which you select the 
different sources from which you can acquire a test image. Configuration 
interfaces have various controls for you to set that determine the parameters 
for the step, as well. Configuration interfaces also have a Measurements 
area that returns measurements of the unit under test (UUT) and indicates 
whether the UUT passes the step based on tolerances you set.
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Selecting a Pattern for the Alignment and Pixel 
Defects Steps
Follow these instructions to select a display pattern conducive for both the 
Alignment and Pixel Defects steps.

1. Right-click the Load Black Image step and choose Select Simulation 
Image from the context menu.

2. Select Black.bmp from the Sample Images ring control to load an 
image of a UUT displaying black pixels.

3. Click OK to return to the sequence editor.
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Configuring the Alignment Step
1. Right-click the Alignment step and choose Configure Alignment 

from the context menu. A configuration interface appears, as shown in 
Figure 2-7.

Figure 2-7.  Alignment Step Configuration Panel

Note When you open a configuration interface, the step begins to run with the default 
settings, and the results of the step appear in the Measurements area of the configuration 
interface.

2. Click the Image Source control. If you have an image acquisition 
device installed in your computer, the name of the device should 
appear in the list of image sources along with the default image source, 
<Simulation>. For this example, use the default image source.
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3. Click Set Inspection Region. A window appears containing a default 
region in which the function locates the display and its housing. You 
can modify the position of the inspection region by manipulating its 
control points or vertices with your cursor, as shown in Figure 2-8.

Figure 2-8.  Alignment Inspection Region

4. Click OK to return to the configuration interface.

Notice the Search Parameters area of the configuration interface. 
The Alignment step uses an edge detection function to locate the 
display housing by searching for edges from the outside of the 
inspection region to the inside. The step also performs an edge 
detection from the inside of the inspection region to the outside to 
locate the display. The search parameters allow you to define the 
characteristics of a valid edge and the specifications of a 
properly-oriented display. For this example, use the default search 
parameters.
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5. Set Display Region Inset to 2 to shrink the display region that the step 
finds by two pixels on each side. By shrinking the display region, you 
exclude unwanted pixels that belong to the gap between the display 
and the housing. These unwanted pixels could interfere with 
subsequent steps whose display regions are based on the display region 
of this Alignment step.

Notice the Measurements area of the configuration interface. This 
area shows you the values of the measurements you obtained from the 
UUT and indicates whether the UUT passed the step.

6. Click OK to save the configuration and return to the sequence editor.

Configuring the Pixel Defects Step
1. Right-click the Pixel Defects step and choose Configure Pixel 

Defects from the context menu. A configuration interface appears.

2. Click the Pattern Type control and select Uniform from the 
drop-down list.

Notice that the green default inspection region automatically defines 
the edges of the display. NI Display Test uses the display region found 
by the Alignment step as the inspection region for the Pixel Defects 
step.

3. Set the display and pixel resolutions. The display resolution is the 
number of columns and rows of display pixels. The pixel resolution is 
the number of columns and rows of image pixels that represent a 
display pixel. For this example, enter the following values:

• Display Height: 160

• Display Width: 160

• Pixel Height: 3

• Pixel Width: 3

Note Use the default settings for the other parameters and tolerances.

4. Click OK to save the configuration and return to the sequence editor.
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Selecting a Pattern for the Contrast Step
1. Right-click the Load Checkerboard Image step and choose Select 

Simulation Image from the context menu.

2. Select Checkerboard.bmp from the Pattern Type ring control to 
load an image of a UUT displaying a checkerboard pattern.

3. Click OK to return to the sequence editor.

Configuring the Contrast Step
1. Right-click the Contrast step and choose Configure Contrast from 

the context menu. A configuration interface appears, as shown in 
Figure 2-9.

Figure 2-9.  Contrast Step Configuration Panel
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2. Click Set Inspection Region. A window appears containing a default 
inspection region. The step uses checkers in this region to determine 
the contrast of the image. You can modify the position of the inspection 
region by manipulating its control points or vertices with your cursor.

3. Click OK to return to the configuration interface.

4. Adjust the border size up and down, and observe how the border size 
affects the regions inside each checker. The smaller the border size, the 
closer the region edges are to the edges of the checkers. Because the 
edges between checkers appear blurred, they may interfere with the 
intensity calculations.

5. Set Border Size to 4 to exclude the blurry checker edges when 
calculating intensity values.

Note Use the default settings for the other parameters and tolerances.

6. Click OK to save the configuration and return to the sequence editor.

Selecting an Image for the Keypad Inspection Step
1. Right-click the Load Keypad Image step and choose Select 

Simulation Image from the context menu.

2. Select Keypad.bmp from the Pattern Type ring control to load an 
image of a cellular phone keypad.

3. Click OK to return to the sequence editor.

Note When you add steps to inspect the housing or keypad of a UUT in a real test 
sequence, you do not need to precede those steps with a pattern generation step.

Configuring the Keypad Inspection Step
1. Right-click the Keypad Inspection step and choose Configure 

Keypad Inspection from the context menu. A configuration interface 
appears.

Note In many applications that test both the flat-panel display and the housing or keypad, 
separate cameras are used for the different inspection areas. If you use more than one 
camera in your application to inspect different areas of the UUT, be sure to select the 
correct camera from the Image Source control.

2. Click Set Template Regions. A window appears in which you can 
select areas of the image that you want to learn as templates.
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3. Draw a rectangular region around the key with a 1 printed on it. 
Hold down the <Ctrl> key and draw regions around all of the other 
number keys, as shown in Figure 2-10.

Figure 2-10.  Keypad Template Regions

4. Click OK to learn the templates and return to the configuration 
interface. 

Note Learning templates is a time-intensive operation. Please wait while NI Display Test 
learns the templates you selected.

If the green default inspection region does not enclose all of the keys 
you need to inspect, click the Set Inspection Region button and draw 
an inspection region around all the keys. 

5. In the Keypad Measurements section, set the Low Limit and High 
Limit values of Number of Matches to 9 to look for all nine templates 
in the image.

Note Double-click on the Low Limit and High Limit values to edit them.
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6. Click OK. A dialog box appears prompting you to save the template 
images to disk.

7. Click Yes. A Save Template File dialog box appears.

8. Select the <TestStand>\Tutorial directory from the Save in 
control if it is not already selected.

9. Type key.png in the File name control. NI Display Test names the 
template images key_n.png, where n is a unique number that NI 
Display Test appends to each file name to distinguish it from the other 
template images.

10. Click Save to save the template images and return to the sequence 
editor.

11. Select File»Save to save the sequence.

Running a Sequence
Now that you have built a sequence of steps and configured each step, you 
can run your sequence. When you run a sequence in the sequence editor, 
you are initiating an execution. In this example, you run the sequence using 
a process model—a special type of sequence for directing the high-level 
sequence flow. 

Follow these instructions to run the DTexample1.seq sequence file.

1. Select Execute»Single Pass. The sequence editor opens the Execution 
window, as shown in Figure 2-11. In an Execution window, you can 
view steps as they execute, the values of variables and properties, and 
the test report when the execution completes.
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Figure 2-11.  DTexample1.seq Execution Window

After the execution completes, TestStand generates a test report that 
lists each step and whether the measurements within each step passed. 
Figure 2-12 shows the UUT Report for DTExample1.seq.

2. Close the UUT Report and the Execution window.

Note To slow down the tracing feature of TestStand, go to Configure»Station Options 
and adjust the Speed slider control value on the Execution tab.
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Figure 2-12.  UUT Report for Example Sequence
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3
Using the NI Display Test 
Operator Interface

This chapter introduces the NI Display Test operator interface. You use the 
operator interface to run your NI Display Test sequence on the 
manufacturing floor. 

The NI Display Test operator interface is based on the LabWindows/CVI 
operator interface that ships with TestStand. Refer to Chapter 16, Run-Time 
Operator Interfaces, in the TestStand User Manual for more information 
about how to customize a run-time operator interface.
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Figure 3-1 shows the general steps to running an NI Display Test sequence 
within the operator interface.

Figure 3-1.  General Steps to Running an NI Display Test Sequence

Opening the NI Display Test Operator Interface
Follow these instructions to open the NI Display Test operator interface:

1. Launch the NI Display Test operator interface by going to the Start 
system menu and selecting Programs»National Instruments» 
Display Test»Operator Interfaces. After the main window for the 
operator interface displays, a Login dialog box appears.

2. If the default user name is not administrator, click the User Name 
control and select administrator from the popup list. 

Open saved Display
Test sequence

Select operator 
interface settings

Run sequence to test
Units Under Test

Start

Stop

Open 
operator interface

View
UUT Report
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3. The default password for the administrator user login is empty, 
so click OK without entering a password.

After you login, the Sequence Display window appears, as shown in 
Figure 3-2. You can open, view, and execute TestStand sequences from 
the Sequence Display window.

Figure 3-2.  NI Display Test Operator Interface

4. Browse through the menu options and notice that the operator interface 
menus contain many of the commands available from the sequence 
editor. 

Like the sequence editor, the run-time operator interfaces allow you to 
start multiple concurrent executions, set breakpoints, and single-step. 
Unlike the sequence editor, however, the run-time operator interfaces 
do not allow you to modify sequences, and they do not display 
sequence variables, sequence parameters, step properties, and so on.
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Opening Sequence Files
Follow these instructions to open the sequence file you created in 
Chapter 2, Building an NI Display Test Sequence.

1. Select File»Open Sequence File and navigate to the 
<TestStand>\Tutorial directory. 

2. Double-click DTexample1.seq to open the sequence file. 
The operator interface window appears, as shown in Figure 3-3.

Figure 3-3.  Example Sequence Loaded in Operator Interface

3. Select File»Open Sequence File and navigate to the 
<Display Test>\Examples directory.

4. Double-click the DTFailSequence.seq to open it. 
DTFailSequence.seq is a sequence file included with your software 
that contains an image that fails inspection.
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5. Notice that the Sequence File ring control shows the name of the 
current sequence file that you are viewing. Click the control to see 
a list of all sequence files open in the operator interface. 

6. Select DTexample1.seq from the Sequence File list to display the 
sequence in the Sequence Display window.

Setting Image Display Options
The NI Display Test operator interface has two settings for displaying 
images: Display Image Window and Display Failure Images in Report. 
Verify that Display Image Window is selected so that the Execution 
Display window shows the images captured by the NI Display Test steps. 
Also verify that Display Failure Images in Report is selected so that the 
UUT Report displays images that fail inspection. 

Note By default, the Display Image Window and Display Failure Images in Report 
settings are enabled.

Running Sequences
Now that you have opened the test sequences you want to run and have set 
the image display options, you are ready to run the sequences on the 
manufacturing floor. Follow these instructions to run DTexample1.seq in 
the NI Display Test operator interface:

1. Click the Single Pass button. An Execution Display window appears, 
as shown in Figure 3-4. 
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Figure 3-4.  Execution Display Window

The Execution Display window shows the progress of the execution. 
You can use the Execution Display window to debug the execution, as 
well. For information about debugging executions within the operator 
interface, see the Operator Interface Manual.

2. Close the Execution Display window.

3. Click the Sequence File control and select DTFailSequence.seq 
from the drop-down list.

4. Click the Single Pass button to execute the DTFailSequence.seq 
test sequence.

Viewing the Results of an Execution
After an execution is finished, an HTML file containing a test report 
appears in the Report control. To view the UUT report, click the 
Launch Report Viewer button. Because the Display Failure Images in 
Report control is enabled, the report contains images of the display during 
tests that it failed, as shown in Figure 3-5.
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Figure 3-5.  Excerpt of a UUT Report for a Defective Display
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Note You can log the results of an execution to a database. For more information, refer to 
Chapter 18, Databases, in the TestStand User Manual. Refer to the NI Display Test User 
Guide for additional instructions about logging results of the OCR step.
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A
Setting Up Your Imaging 
Environment

Setting up your imaging environment is a critical first step to any imaging 
application. If you set up your system properly, you can focus your 
development energy on the application rather than problems from the 
environment, and you can save precious processing time at run time. 
Consider the following three elements when setting up your system: 
imaging system parameters, lighting, and motion.

Fundamental Parameters of an Imaging System
Before you acquire images, you must set up your imaging system. Five 
fundamental parameters comprise a imaging system: resolution, field of 
view, working distance, sensor size, and depth of field. Figure A-1 
illustrates these concepts.
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Figure A-1.  Fundamental Parameters of an Imaging System

• Resolution—Smallest feature size on your object that the imaging 
system can distinguish

• Field of view—Area of inspection that the camera can acquire
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• Working distance—Distance from the front of the camera lens to the 
object under inspection

• Sensor size—Size of a sensor’s active area

• Depth of field—Maximum object depth that remains in focus

The manner in which you set up your system depends on the type of 
analysis, processing, and inspection you need to do. Your imaging system 
should produce images with high enough quality to extract the information 
you need from the images. Five factors contribute to overall image quality: 
resolution, contrast, depth of field, perspective, and distortion.

Resolution
Resolution indicates the amount of object detail that the imaging system 
can reproduce. You can determine the required resolution of your imaging 
system by measuring in real-world units the size of the smallest feature you 
need to detect in the image.

Figure A-2 depicts a barcode. To read a barcode, you need to detect the 
narrowest bar in the image. The resolution of your imaging system in this 
case is equal to the width of the narrowest bar (w).

Figure A-2.  Determining the Resolution of Your Imaging System

To make accurate measurements, a minimum of two pixels should 
represent the smallest feature you want to detect in the digitized image. 
In Figure A-2, the narrowest vertical bar (w) should be at least two pixels 
wide in the image. With this information, you can use the following 
guidelines to select the appropriate camera and lens for your application.

h

w

wfov

hfov
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1. Determine the sensor resolution of your camera.

Sensor resolution is the number of columns and rows of 
charge-coupled device (CCD) pixels in the camera sensor. To compute 
the sensor resolution, you need to know the field of view (FOV). The 
FOV is the area under inspection that the camera can acquire. The 
horizontal and vertical dimensions of the inspection area determine the 
FOV. Make sure the FOV encloses the object you want to inspect.

Once you know the FOV, you can use the following equation to 
determine your required sensor resolution:

sensor resolution = (FOV/resolution) × 2

= (FOV/size of smallest feature) × 2

Use the same units for FOV and size of smallest feature. Choose the 
FOV value (horizontal or vertical) that corresponds to the orientation 
of the smallest feature. For example, you would use the horizontal 
FOV value to calculate the sensor resolution for Figure A-2.

Cameras are manufactured with a limited number of standard sensor 
resolutions. The table below shows some typical camera sensors 
available and their approximate costs.

If your required sensor resolution does not correspond to a standard 
sensor resolution, choose a camera whose sensor resolution is larger 
than you require or use multiple cameras.

By determining the sensor resolution you need, you narrow the number 
of camera options that meet your application needs. Another important 
factor that affects you camera choice is the physical size of the sensor, 
known as the sensor size. Figure A-3 shows the sensor size dimensions 
for standard 1/3 Inch, 1/2 Inch, and 2/3 Inch sensors. Notice that the 
names of the sensors do not reflect the actual sensor dimensions.

Number of 
CCD Pixels Cost FOV Resolution

640×480 $500+ 60 mm 0.185 mm

768×572 $750+ 60 mm 0.156 mm

1280×1024 $5000+ 60 mm 0.093 mm

2048×2048 $22,000+ 60 mm 0.058 mm

3072×2048 $32,000+ 60 mm 0.039 mm
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Figure A-3.  Common Sensor Sizes and Their Actual Dimensions

In most cases, the sensor size is fixed for a given sensor resolution. 
If you find cameras with the same resolution but different sensor sizes, 
you can determine the sensor size you need based on the following 
guideline.

2. Determine the focal length of your lens.

A lens is primarily defined by its focal length. Figure A-4 illustrates 
the relationship between the focal length of the lens, field of view, 
sensor size, and working distance.

Figure A-4.  Relationship Between Focal Length, FOV, Sensor Size, 
and Working Distance
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The working distance is the distance from the front of the lens to the 
object under inspection.

If you know the FOV, sensor size, and working distance, you can 
compute the focal length of the lens you need using the following 
formula:

focal length = sensor size × working distance / FOV

Lenses are manufactured with a limited number of standard focal 
lengths. Common lens focal lengths include 6 mm, 8 mm, 12.5 mm, 
25 mm, and 50 mm. Once you choose a lens whose focal length is 
closest to the focal length required by your imaging system, you need 
to adjust the working distance to get the object under inspection in 
focus.

Lenses with short focal lengths (less than 12 mm) produce images with 
a significant amount of distortion. If your application is sensitive to 
image distortion, try to increase the working distance and use a lens 
with a higher focal length. If you cannot change the working distance, 
you are somewhat limited in choosing your lens.

Example
As you set up your system, you need to adjust the various parameters of the 
focal length equation until you achieve the right combination of 
components that meet your inspection needs and cost requirements. The 
following example shows how to determine the best combination of system 
variables for a flat-panel display.

Assume that the flat-panel display you need to inspect is 56 × 56 mm with 
a display pixel resolution of 160 × 160. The recommended minimum 
number of image pixels you need to represent one display pixel is 3 × 3. 
Therefore, you need an image whose size is at least 480 × 480 pixels.

The sensor size you choose is based on the minimum image size you need. 
Therefore, you need a sensor whose resolution is 480 × 480 or greater. 
Sensors come in several standard sizes. A1/2 Inch, 640 × 480 sensor would 
be suitable for this example.
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Assume you already have a lens whose focal length is 16 mm.

Using the vertical FOV, you can determine the working distance, as 
follows:

working distance = (VFOV × focal length)/sensor size

= (56 × 16)/4.8

= 186.67 mm (~ 7.5 in.)

If you place the camera at a distance of 7.5 in. from the display under 
inspection, you can calculate the horizontal FOV, as follows:

HFOV = (working distance × sensor size)/focal length

= (186.67 × 6.4)/16

= 74.67 mm

Therefore, a display that is 56 mm wide occupies a width of 480 image 
pixels, as follows:

horizontal image pixels = (display width/HFOV) × horizontal sensor size

= (56/74.67) × 640

= 480

Therefore, the given settings satisfy the minimum requirements for 
inspection.

Contrast
Resolution and contrast are closely related factors that contribute to image 
quality. Contrast defines the differences in intensity values between the 
object under inspection and the background. Your imaging system should 
have enough contrast to distinguish objects from the background. Proper 
lighting techniques can enhance the contrast of your system.
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Depth of Field
The depth of field of a lens is its ability to keep in focus objects of varying 
heights or objects located at various distances from the camera. If you need 
to inspect objects with various heights, choose a lens that can maintain the 
image quality you need as the objects move closer to and further from the 
lens. You can increase the depth of field by closing the iris of the lens and 
providing more powerful lighting.

Telecentric lenses work with a wide depth of field. With a telecentric lens, 
you can acquire images of objects at different distances from the lens and 
the objects stay in focus.

Visit the Web site of one of National Instruments’ lens partners for more 
information about lenses:

• Edmund Industrial Optics—http://www.edmundoptics.com

• Graftek Imaging—http://www.graftek.com

• Infinity Photo-Optical—http://www.infinity-usa.com

• Navitar—http://www.navitar.com

Perspective
Perspective errors occur when the camera axis is not perpendicular to the 
object under inspection. Figure A-5a shows an ideal camera position. 
Figure A-5b shows a camera acquiring an image of an object from an angle.

Figure A-5.  Camera Angle Relative to the Object Under Inspection

1 Lens Distortion 2 Perspective Error 3 Known Orientation Offset
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Figure A-6a shows a grid of dots. Figure A-6b illustrates perspective errors 
caused by a camera imaging the grid from an angle.

Figure A-6.  Perspective and Distortion Errors

Try to position your camera perpendicular to the object under inspection 
to reduce perspective errors. Integration constraints may prevent you from 
mounting the camera perpendicular to the scene. Under these constraints, 
you can still take precise measurements by correcting the perspective errors 
with spatial calibration techniques.

Distortion
Nonlinear distortion is a geometric aberration caused by optical errors in 
the camera lens. A typical camera lens introduces radial distortion. This 
causes points that are away from the lens’s optical center to appear farther 
away from the center than they really are. Figure A-6c illustrates the effect 
of distortion on a grid of dots. When distortion occurs, information in the 
image is misplaced relative to the center of the field of view, but the 
information is not necessarily lost. Therefore, you can undistort your image 
through spatial calibration.

Lighting
One of the most important aspects of setting up your imaging environment 
is proper illumination. Images acquired under proper lighting conditions 
make your image processing software development easier and overall 
processing time faster. One objective of lighting is to separate the feature or 
part you want to inspect from the surrounding background by as many gray 
levels as possible. Another goal is to control the light in the scene. Set up 

a. Calibration Grid c. Nonlinear Distortionb. Perspective Projection
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your lighting devices so that changes in ambient illumination—such as 
sunlight changing with the weather or time of day—do not compromise 
image analysis and processing.

Lighting Techniques
The type of lighting techniques you select can determine the success or 
failure of your application. Improper lighting can cause shadows and glares 
that degrade the performance of your image processing routine. For 
example, some objects reflect large amounts of light because of their 
curvature or surface texture. Highly directional light sources increase the 
sensitivity of specular highlights (glints), as shown on the barcode in 
Figure A-7a. Figure A-7b shows an image of the same barcode acquired 
under diffused lighting.

Figure A-7.  Using Diffused Lighting to Eliminate Glare

Ringlights provide high-intensity, uniform, shadow-free illumination in a 
compact ring configuration. Ringlight illumination works well in display 
inspection applications. You can use polarizers along with ringlights to 
improve the contrast and reduce glare from reflective objects.

Backlighting can help improve the performance of your vision system. 
If you can solve your application by looking at only the shape of the object, 
you may want to create a silhouette of the object by placing the light source 
behind the object you are imaging. By lighting the object from behind, you 
create sharp contrasts which make finding edges and measuring distances 
fast and easy. Figure A-8 shows a stamped metal part acquired in a setup 
using backlighting.

a. b.
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Figure A-8.  Using Backlighting to Create a Silhouette of an Object

Common types of light sources that you can use to implement these lighting 
techniques include halogen, LED, fluorescent, and laser.

Many other factors, such as the camera you choose, contribute to your 
decision about the appropriate lighting for your application. For example, 
you may want to choose lighting sources and filters whose wavelengths 
match the sensitivity of the CCD sensor in your camera and the color of the 
object under inspection. Also, you may need to use special lighting filters 
or lenses to acquire images that meet your inspection needs.

To learn more about lighting techniques and decide which is best for your 
application, visit the Web sites of National Instruments’ lighting partners:

• Edmund Scientific—http://www.edsci.com

• Fostec—http://www.fostec.com

• Graftek Imaging—http://www.graftek.com

• Illumination Technologies—http://www.illuminationtech.com
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B
Technical Support Resources

Web Support
National Instruments Web support is your first stop for help in solving 
installation, configuration, and application problems and questions. Online 
problem-solving and diagnostic resources include frequently asked 
questions, knowledge bases, product-specific troubleshooting wizards, 
manuals, drivers, software updates, and more. Web support is available 
through the Technical Support section of ni.com. 

NI Developer Zone
The NI Developer Zone at ni.com/zone is the essential resource for 
building measurement and automation systems. At the NI Developer Zone, 
you can easily access the latest example programs, system configurators, 
tutorials, technical news, as well as a community of developers ready to 
share their own techniques.

Customer Education
National Instruments provides a number of alternatives to satisfy your 
training needs, from self-paced tutorials, videos, and interactive CDs to 
instructor-led hands-on courses at locations around the world. Visit the 
Customer Education section of ni.com for online course schedules, 
syllabi, training centers, and class registration.

System Integration
If you have time constraints, limited in-house technical resources, or other 
dilemmas, you may prefer to employ consulting or system integration 
services. You can rely on the expertise available through our worldwide 
network of Alliance Program members. To find out more about our 
Alliance system integration solutions, visit the System Integration section 
of ni.com.



Appendix B Technical Support Resources

Getting Started with NI Display Test B-2 ni.com

Worldwide Support
National Instruments has offices located around the world to help address 
your support needs. You can access our branch office Web sites from the 
Worldwide Offices section of ni.com. Branch office Web sites provide 
up-to-date contact information, support phone numbers, e-mail addresses, 
and current events. 

If you have searched the technical support resources on our Web site and 
still cannot find the answers you need, contact your local office or National 
Instruments corporate. Phone numbers for our worldwide offices are listed 
at the front of this manual.
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Glossary

Prefix Meaning Value

m- milli- 10–3

C

CCD Charge-coupled device. A solid-state imaging device that stores an 
electrical charge representation of the optical image by means of 
photoconductivity. A readout mechanism converts the charge image into 
a video signal.

code module A program module, such as a Windows Dynamic Link Library (.dll) or 
LabVIEW VI (.vi), that contains one or more functions that perform a 
specific test or other action.

context menu Menus that appear when you right-click an object. The menu items that 
appear pertain specifically to the object you select.

E

execution An object that contains all the information TestStand needs to run a 
sequence, its steps, and any subsequences it calls. Typically, the TestStand 
sequence editor creates a new window for each execution.

Execution window A window in the sequence editor or operator interface that displays the 
steps that an execution runs. When execution is suspended, the execution 
window displays the next step to execute and provides single-stepping 
options. In the sequence editor, you also can view variables and properties 
for any active sequence context in the call stack.

H

HSL Color encoding scheme using Hue, Saturation, and Luma information 
where each image in the pixel is encoded using 32 bits: 8 bits for hue, 8 bits 
for saturation, 8 bits for luma, and 8 bits for the alpha channel.
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M

MAX Measurement & Automation Explorer. An interactive tool for configuring 
National Instruments hardware devices.

N

NI-IMAQ Driver software for National Instruments IMAQ hardware.

O

OCR A machine vision application that reads printed characters.

operator interface A program that provides a graphical user interface for executing sequences 
at a production station. Sometimes the sequence editor and run-time 
operator interfaces are different aspects of the same program.

P

PNG Portable Network Graphic. Image file format for storing 8-bit, 16-bit, and 
color images with lossless compression (extension PNG).

process model A sequence file you designate that performs a standard series of operations 
before and after a test executive executes the sequence that performs the 
tests. Common operations include identifying the UUT, notifying the 
operator of pass/fail status, generating a test report, and logging results.

R

RGB Color encoding scheme using red, green, and blue (RGB) color information 
where each pixel in the color image is encoded using 32 bits: 8 bits for red, 
8 bits for green, 8 bits for blue, and 8 bits for the alpha value (unused).

S

sequence A series of steps that you specify for execution in a particular order. 
Whether and when a step is executed can depend on the results of 
previous steps.
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spatial calibration Assigning physical dimensions to the area of a pixel in an image.

step Any action, such as calling a test module to perform a specific test, that you 
can include within a sequence of other actions.

step type A component that defines a set of custom step properties and standard 
behavior for each step of that type. All steps of the same type have the same 
properties, but the values of the properties can differ. Step types define their 
standard behaviors using substeps.

S-Video A type of color video transmission where timing and luma information are 
transmitted on one analog signal and chroma is transmitted on a separate 
analog signal.

T

TestStand A test management system for organizing, controlling, and executing your 
automated prototype, validation, or manufacturing test system.

U

UUT Unit under test. The device or component that you are testing.
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Index

A
alignment step

configuring, 2-12 to 2-14
selecting pattern for defect steps, 2-11

B
BNC cable, 1-2
building test sequence, 2-1 to 2-20

adding NI Display Test steps to test 
sequence, 2-8 to 2-10

alignment step
configuring, 2-12 to 2-14
selecting pattern, 2-11

configuring test sequence, 2-10 to 2-18
contrast step

configuring, 2-15 to 2-16
selecting pattern, 2-15

custom pattern generation steps, 2-7 to 2-8
general steps (figure), 2-2
keypad inspection step

configuring, 2-16 to 2-18
selecting image, 2-16

pixel defects step
configuring, 2-14
selecting pattern, 2-11

predefined steps, 2-6
running a sequence, 2-18 to 2-20
steps for testing flat-panel displays and 

housings, 2-6 to 2-7
TestStand sequence editor, 2-3 to 2-6

elements, 2-4 to 2-6
opening, 2-3

C
cables, 1-2
configuring application platform, 1-3 to 1-4
configuring imaging environment, A-1 to A-11

contrast, A-7
depth of field, A-8
distortion, A-9
fundamental parameters, A-1 to A-9
lighting, A-9 to A-11
perspective, A-8 to A-9
resolution, A-3 to A-7

configuring test sequence, 2-10 to 2-18
alignment step

configuring, 2-12 to 2-14
selecting pattern for defect steps, 2-11

contrast step
configuring, 2-15 to 2-16
selecting pattern, 2-15

keypad inspection step
configuring, 2-16 to 2-18
selecting image, 2-16

pixel defects step
configuring, 2-14
selecting pattern for defect steps, 2-11

contrast, setting up, A-7
contrast step

configuring, 2-15 to 2-16
selecting pattern, 2-15

conventions used in manual, iv
custom pattern generation steps, 2-7 to 2-8
customer education, B-1
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D
depth of field, setting, A-8
distortion, A-9
documentation

conventions used in manual, iv
hardware documentation, 1-4 to 1-5
software documentation, 1-5 to 1-6

E
executions

Execution Display window (figure), 3-6
UUT report for defective display 

(figure), 3-7
viewing results, 3-6 to 3-8

F
flat-panel displays and housings

See also building test sequence
custom pattern generation steps, 

2-7 to 2-8
test steps, 2-6 to 2-7

H
hardware documentation, 1-4 to 1-5

I
image display options for operator 

interface, 3-5
imaging environment, setting up, A-1 to A-11

contrast, A-7
depth of field, A-8
distortion, A-9
fundamental parameters, A-1 to A-9
lighting, A-9 to A-11
perspective, A-8 to A-9
resolution, A-3 to A-7

K
keypad inspection step

configuring, 2-16 to 2-18
selecting image, 2-16

L
lighting, setting up, A-9 to A-11

M
manual. See documentation
Measurement & Automation Explorer 

(MAX), 1-2

N
NI Developer Zone, B-1
NI Display Test

building test sequence. See building test 
sequence

components, 1-2
operator interface. See operator interface
overview, 1-1
setting up application platform, 1-3 to 1-4

NI Display Test application software, 1-2

O
operator interface, 3-1 to 3-8

example sequence loaded in interface 
(figure), 3-4

Execution Display window (figure), 3-6
general steps for running (figure), 3-2
opening sequence files, 3-4 to 3-5
opening the interface, 3-2 to 3-3
overview, 3-1 to 3-2
running sequences, 3-5 to 3-6
Sequence Display window (figure), 3-3
setting image display options, 3-5
viewing results of execution, 3-6 to 3-8
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P
perspective, setting up, A-8 to A-9
pixel defects step

configuring, 2-14
selecting pattern for defect steps, 2-11

PXI-1000B 8-slot chassis, 1-2

R
resolution, setting up, A-3 to A-7

camera sensor resolution, A-4 to A-5
example, A-6 to A-7
focal length of lens, A-5 to A-6
overview, A-3

running
sequences, 3-5 to 3-6
test sequence, 2-18 to 2-20

S
sequence editor. See TestStand sequence 

editor
sequence files

example sequence loaded in operator 
interface (figure), 3-4

opening, 3-4 to 3-5
running sequences, 3-5 to 3-6

setting up
application platform, 1-3 to 1-4
imaging environment, A-1 to A-11
test sequence, 2-10 to 2-18

software documentation, 1-5 to 1-6
software for NI Display Test, 1-2
S-Video cable, 1-2
system integration, by National 

Instruments, B-1

T
technical support resources, B-1 to B-2
test sequence, building. See building test 

sequence
TestStand sequence editor, 2-3 to 2-6

development workspace, 2-5
main window (figure), 2-4
menu bar, 2-4
opening, 2-3
status bar (figure), 2-5 to 2-6
toolbar, 2-5

U
UUT report

defective display (figure), 3-7
example sequence (figure), 2-20

W
Web support from National Instruments, B-1
Worldwide technical support, B-2
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