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Introduction and Motivation

We want a profound understanding of our mechanisms

MechanismInput Output

What can we use to assess the performance, design, and state of health of the 
devices?
• High-Speed Video (HSV) and Accelerometer Sensing Characterization 

(ASC)

What if we need to asses large numbers of devices?
• Mechanism Production Tester

(Known) (Known)

(Modeled)



Overview - HSV and ASC testing

Higher Fidelity Data
 Yields critical metrics which tie 

directly back to the mechanism 
design, specific components or 
subsystems

 Sensitive enough to detect 
performance changes before 
failure (State of Health)

Benefits:
 Non-contact and non-destructive

 Can be automated

 Performance metrics can be fed 
back into modeling
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Overview - Data Analysis Process
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extraction

• Capture video of 
mechanism operation

• Parts to track are 
marked with speckle 
markings

• Specify Region of 
Interest (ROI) to track

• DIC tracks ROI from 
frame to frame 

• Subpixel precision 
obtained with 
interpolant

• Result is x-y position 
and angle curves of 
each ROI

• Result is coupled to input and 
critical metrics are extracted

• Critical metrics are compared 
against physics model, unit 
population, and historical 
performance



Overview – Mechanism: Motion Curves
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Overview - Different Environment: Production

 Sandia National Laboratories - R&D Laboratory
 Research and Development environment

 Software Developers are the users of the software

 Multi-COTS systems acceptable

 Provide Mechanism designs

 Rarely Provides testers

 National Security Campus(NSC) - Production Facility
 Reliability, Maintainability, and Supportability of the Systems

 Initially limited support at NSC

 Speed

 Repeatability

 Automated

 Production line- Deadlines

 Simplicity to use

 Low technical maturity level

 Data storage

 Integration with existing tester

 Complexity of data analysis

 Data transfer

 Added time

 Cost 



Overall View

Setup - Camera and Light Dome Mount + Fixture.



Setup - Two Different Testers

HSV tester (SNL)

Main tester (NSC)
• Sequence 

Events/Signals sent to 
Mechanism

• Using PXI/NI Hardware 
to Acquire 
Accelerometer signal

• Use Prompts/text boxes 
to control flow

• Two different Main 
Testers:

• Simpler Tester at 
SNL

• Production Tester 
at NSC



The three important components of 2D-DIC:
Matching Interpolation

Shape Function

Image interpolated by
a factor of 10x

21 x 21 pixels

210 x 210 pixels

(1st Image) (2nd Image)



Initially COTS Were Used to Perform All Analysis

To much control/
complexity for a 
standard user!
Easy to make
a mistake!

Disadvantages

 Long time to track a full 
run of a unit(about 8 
hours)

 No easy way to save ROI

 Must convert .cine to 
.tiff

 Manually Save Tracked 
data to file

 No Batch Mode!



Start of the Solution: LabVIEW!!

1. Eliminated VIC – 2D software (COTS) which performed the DIC 
tracking and Replaced with LabVIEW software (Speckle Track)

1. Made possible the entire .cine to be tracked

2. Save and open ROI’s

3. Save data directly to .csv/.tdms

4. Most Importantly added a Batch Mode.

5. Many more additions

2. Eliminated Vision Research Phantom Camera Control software 
(COTS) with LabVIEW software (Camera Control)

1. More details in future slide

3. Error Handling and Error Recovery  

4. Calling of MatLab code



Creating Call Function Library Nodes 
from C code DLL’s and .h Files

 Correlated Solutions (VIC – 2D) provided the .h files
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Pro’s:

 Enable developer to control all aspects of 
hardware

 Streamline processes

 Develop custom software

 Eliminate user mistakes when using hardware

 Allows consistent results by limiting what the 
user can see and do

Con’s:

 Can cause LabVIEW to crash spectacularly! 

 Poor documentation

 Odd behavior between runs of the program-
Need to completely exit LabVIEW to correct 
issue

 Lots of guess work to figure out what the dll is 
doing

 No support in many cases



Speckle Track Software
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Example Program From Vision Research
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 Knowing how tricky it was to train individuals and get quality videos here at Sandia 
I set out to create a program that was easy to use for anyone.

 Steps:

1. Checklist to remind operator to perform certain tasks- No longer needed

2. Operator Selects the type of unit they are running

3. Operator enters serial number of unit- Only time operator needs to type anything 
into the program

4. Operator Selects the test to be run

 Based on the prompts the correct settings are sent to the Camera

 Frames Per Second

 Resolution

 Range to Save

 Performs a Current Session Reference

 Adjusts the lens to the correct focus position

 Intelligent enough to know what test should be run next.

 Creates a file path to save the .cine

Camera Control Software:



Camera Control Software
Part # -Test Run



First LabVIEW then integrate in TestStand
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 TDMS Usage

 At Sandia:

 1 LabVIEW/ TestStand 
Developer/Integrator/Sequencer 
(ME)

 3 Matlab Developers

 ASC Analysis and Parameter 
Extraction

 Registration and Curve 
Generation

 Parameter Extraction

 1 C developer

 DICe

 At NSC:

 Tester Development Team

 4 Visual Basic/ Developers

 NI Hardware and LabVIEW 
expertise

Diverse Team:

 Tortoise SVN,  (Subversion) 
with LabVIEW for Diff and 
Merge Operations

 https://decibel.ni.com/conte
nt/docs/DOC-2936

 Many other options: GIT, 
PerForce, Mercurial



Rough Flow in TestStand

 Walk through Test 
Sequence

 Initialize

 Capture Video

 Registration

 ASC Transfer and 
Analysis

 DIC Analysis

 Curve Generation

 Parameter 
Extraction

 Limits Checking
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NSC- Certified Tester Architecture(CTA)
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Unit 1

Unit 2

Unit 3

Unit 4

Unit 5

Unit 6

• API for TestStand
• File structure for code and data
• Improvements on limits 

checking
• Stores limits in Microsoft 

Access database



Initializing/Setup
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Camera Control     +   Movie Check
 Live Image and Test Description are provided

 In this state the Camera waits for a trigger 
supplied from the main tester

 Automatically names and downloads movie
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 Plays back the cine and checks for errors

 Checks to see if unit has vibrated

 Checked to make sure cine opens and plays



Registration to Adjust ROI’s

 Need to adjust ROI’s 
due to variability in unit 
position

 Matlabs Registration 
out puts the change in: 
x, y, scale, and theta.

 This information is 
sufficient to get the 
ROI’s to fall into the 
region of speckle
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Move ASC File and ASC Analysis

 Moves ASC data from 
acquisition PC to Data 
Analysis PC

 Extracts Parameters 
and writes them to a 
file to be later limit 
checked against.
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DIC                       +  Curve Generation

 Utilizing Both Correlated Solutions DIC code and 
Sandia’s DICe code
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 Takes Data from Pixels vs frame rate into more 
usable engineering data

 Converts to Angle vs Time, Velocity vs Time, and 
Acceleration vs Time



Performance Metrics

 Metrics of interest (e.g. event 
times) are identified and computed 
with a post-processing algorithm 

 Markers identify behaviors of 
interest
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So we have a Tester, So What? Outcomes:

 NNSA 2014 Defense Programs Award of Excellence

 Sandia 2015 Employee Recognition Award

 To Date hundreds of development units have been analyzed using the 
development and production tester.

 Discovered several unknown failure modes in the units.

 Greatly improved the dynamic understanding of the units, which in turn 
has improved the models of units.

 Decision was made to implement a HSV and ASC tester at NSC for 
production. 



Conclusion

 Custom software is the only way 
this technology can be 
incorporated into a production 
environment.  

 NI Products were easy to use to 
integrate many different 
platforms.  

 Using 3rd party DLL comes with 
certain challenges but benefits 
out-weigh cons.

 DIC is automatable for complex 
mechanisms and tests

 Vision and motion toolkits have 
become incredible powerful tools.  

 Under optimized setup DIC can 
provide robust and repeatable  
tacking

 LabVIEW/TestStand works with a 
large diverse development team. 

 TDMS file formats easy to utilize. 
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