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" |ntroduction

=  Qverview
=  Production Environment
= Setup/Hardware for High-Speed Video System
= Digital Image Correlation (DIC)
= Problems with Commercial-off-the-Shelve(COTS) Software- PCC and VIC 2D
= |nitial LabVIEW software
= Creating DLL from C code (.h Files)
= Speckle Track Software
* |ndependent SDK’s (Vision Research )
= Camera Control Software
= Finalized TestStand Solution
= Source Control

= Sequencing of all the LabVIEW and Matlab Code
=  TDMS files

= Results
=  Conclusion
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Introduction and Motivation

We want a profound understanding of our mechanisms

(Modeled)

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




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




Overview - Data Analysis Process

* Capture video of Specify Region of
mechanism operation

+ Parts to track are
marked with speckle

markings

frame to frame
Subpixel precision
obtained with
interpolant

each ROI

Interest (ROI) to track
DIC tracks ROI from

Result is x-y position
and angle curves of

th

Drop Time

Event Start
Time

Y :
Step Time Settle Time

Post
S Processing

>

Raw Image

Data Data

- f Performance metric
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Mechanism

Dynamics Data
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* Resultis coupled to input and
critical metrics are extracted

* Critical metrics are compared
against physics model, unit
population, and historical
performance
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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
= |nitially limited support at NSC
= Speed
= Repeatability
= Automated
=  Production line- Deadlines
=  Simplicity to use
= Low technical maturity level
= Data storage
= |ntegration with existing tester
=  Complexity of data analysis
= Data transfer
= Added time
= Cost




Setup - Camera and Light Dome Mount + Fixture.

ITEM NO. |PART NUMBER DESCRIPTION QTY.
1 2020 X 40 All Memeber are 40" 2
2 2020 X 30 All Memeber are 30" 1
3 8020-4138 14
4 8020-6424 3
5 8020-6850 6
6 8020-2753 1
7 2020 X 8 AllMemeber are 8" 2
8 8020-4125 2
10 8020-2568 All Memeber are 18" 2
1 1/4-20 Screws Lots 222
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Setup - Two Different Testers

Maln 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: (d) &,
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tially COTS Were Used to Perform All Analysis ) e

o =8 = ]
B =l iy (909 Live Fl M |
EEEBRE® - HY e - R we | rw [ | lay anager 1280
5@ - x 800
= ETEE | cnes (=) [eeto
X Camera:

P ot S = 1219{'}( E{H]
=L =L 1280 % 720

fame ¥ Camera Settings | o
o ¥ Cre Seings 7 1024 x 768
erte W] Cine |1 - | setal at 63 x 763
fometon @] N — TEBx 576
r CR— lame 3 -
—— 768« 420
o] [ )
e Resohion  1280x 800 ~ \.. G40« 420
\:::: naweam:j%jnmn - Sample Rate 100 ~ ops *_ B12x 512 L
;i I Exposure Time 3000 e 51 2 x ?}B-d- "
Duston: 2228605 22885) R : -R12x 320 1
o ey - %
- 384 x 282
> 1256.x 256
- Hbx128 |
[ Image Range and Trgger Position 128x 128 1
Evteeiiod 2z P 128x 64 '
el | . \ 128 16
repeat: i) tmes [T FulCine LI’—_ \ C-IJStDm .
Ft S0 | Laa 5B
7] Restart Recardng Duration: 332.860s (33286p)
Extemal Sync B Flash Memary .
Sye imaong: inemal = ¥ Advanced Settings
Master camera serial (0=nane) Cine Advanced
Frame Dy (0 = High Quality Image Mode
:mg:::uau [ Exposure in PIV Mode
e 1 Burst period |59 952 -
@ e Oy Ore -- Burst count -
o - e —— —r ) e = Start/End of recording actions
= [ Auto Black Reference
< Save Ci
= ) D | sa d va ntages [ Auto save to GineMag/buiitin Flash
Savein: g, DriveC (C) - &7 o [ Auto save to CineFash/CardFlash
B Mame - Date modified Type Size e . filename: o
= 30 Spekle Track 12/2/2013355PM il folder " Long time to traCk a fu” [F Auto play Video Out
Becouthites Analyzer Data 6/4/2013624 AM  File folder .
css 5/8/201311:23AM  File folder run of a ur“t(a bout 8 repeat: 0 times [ FullCine 0.45
= DRIVERS 5/B/2013847 AM  File folder & Frst 5770 Lest 51933 C ot -
Desktap HsV and ASC 5 11/20/2012 233 M File fold UStom..
= 'J Insta;:rs e 11/4/2013 2:27 PM F:\:F:\d: ‘ hO u rS) [Z] Restart Recording —————
=i Intel 57772013239 AM  File folder
g _ : Exemal Syme T h t I /
Libi %) Labuiew Archieve 1-2013 5/15/20134:51PM  File fold ™
o L:b\/“[::;{&:[;?e 11/1/5/20133‘20 PM F:\ZFSM: NO easy Way to save ROI Sync Imaging: _lrﬂemal = O muc COn ro
LY % LabView Workspace 12/5/2013121PM  File folder .
MSOCachs 3/20/201310:55 PM  File fold [} 1 Mast: ial {D: )
Cm:m Natm:a:[:struments Downloads 10,1;/1013155 M F:\EFSM: M ust convert .cine to e e e CO l I I p I eXIty fO r a
‘3! old Labview Workspace 7/24/201311:28 AM  File folder . Frame Delay 0 b=
Syt Deetl e TAANOQIMDM File frlrer = _tlff S an ar user|
He s w0 e, J Real Time Output t d d H
Soeostne: (G tone D (o] =  Manually Save Tracked | &=
Free space on current drive 99643.00 MB SE ROy = H Tempercture Easy to l I la ke
Uncompressed fle(s) size: 10832.44 VB Sumqulasmbeprzm data tO flle Cam: 47°C L
XML header fle ] Border Data... - - a is a e '
Range Option [MarkIn, Mark Ouf] e D‘?“"‘ m | I I l t k .




Start of the Solution: LabVIEW!I f="

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

Made possible the entire .cine to be tracked
Save and open ROI’s

Save data directly to .csv/.tdms

Most Importantly added a Batch Mode.
Many more additions

A

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

LabVIEW




Creating Call Function Library Nodes

from C code DLL’s and .h Files

= Correlated Solutions (VIC — 2D) provided the .h files

|%| h_coredll

1% h_fow.dll

|%| h_image.dll

|%) h_vision.dll

| haspms32.dll
Header File.docx
|%] hydra_lab.dll

E k| hydra_lab.h
%) QtCored.dll

i3 Impurli\lzdl ibrary (===
—
Configure and Controls NATIONAL -
9 INSTRUMENTS
5] center_csys 0 ~ | Settings | Name and Description |
[3] function ret
extr)
:ttrl . VI Execution Properties Preferred Execution System
reo_tr
i | correct_distortion () [7] Reentrant Execution Same As Caller =]
[1] function rett
points
1] n_points Call Library Node Settings
subset_siz Thread Calling Convention
[ 9
:g;‘;"g n Run in Ul thread stdcall (WINAPD
[ ref_h () Run in any thread ®c
def_img
[] def w
(1] def_h Declaration in Header File
:JE;E: ‘”t"b HYDRA_API rrelate(flost points[), int n_points,
Call Libra ryF nction Node Prot ttyp
long * correlate(float *points, lon subset_size, -
float Eflmgl gefw\ gafhﬂ tdef\mg\ ng
def w, long def_h, long s :
E ——
Back | [ Net | [ Concel |[ Help

=Y
Laboratories
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 13



Speckle Track Software

Sandia
National
Laboratories

Speckle Track KC.vi

File System Help

Open Movie
(*.cine)

2

@\ Video Selected: 20hz_holdPa

Open ROI

from Binary

Save ROT
to Binary

Run Analysis

Abort Track

640:480 1.10X 8-bit image 6  (0,0)

Pixel

ac

Currentlmage

5040 Exit

28

D | | | D
4640 4700 4800 4900 5000

Window Size

vl
5440

Area05-u
Area05-v
Area06-u
Area 06-v

| DIC Results

Frame Number 4]

V
du/dx
dv/dx (Rotation)

e
y.c
uc
ve

fc H

Batch Directory

Subsets

Area 0l
Area02
Area 03
Area 04

Area 05
Area 06

%
Select Batch Select Files
Directory / Folders
Directories

Run Batch

[

14




Example Program From Vision Research ) 2=

w-ﬂ J. <« National Instruments » LabVIEW 2013 » instrlib » v [ %3 |[ Search instriv o]

. niScope 127272013 6:25 PM Vision Research Phantom Series LabVIEW Driver =]
. niswitch 12/2/2013 6:09 PM bl Scmoll Rceged

U niTClk 12/2/2013 6:25 PM

| niVsT 12/2/2013 6:16 PM

. Vision Research Phantom Series Labview Driver

10/24/2013 4:06 PM

u dir.mnu

b

—>

E=8 EC =X

7/1/2013 8:02 PM

[ File Edt View Project Operate Tools Window Help

HIITH

([ 1] [ 15pt Application Font |~ || 8o || %a~ |28~ |26~ |
£ o

+| search <, |[2]HIIH

| Lol [ e 7 o fommend ] oo |

Phantom DLLs
Cloes |
WindowFielp
Top Applcation Fort = [sewen 8

[The VEwats for a button
0] Timeout

[Flee s where om rmage will b grabbed off the came

> ond diplayed onscreen]

?é il

il

H

&

El
%
2

MG PROC_REDUCEI6T08 -]

o Wait for Action 7]

EHEA Corertimese=]
Elees]

[ i)

PLEASE WAIT.




Camera Control Software: )=,

= Knowing how tricky it was to train individuals and get quality videos here at Sandia
| set out to create a program that was easy to use for anyone.

Steps:
Checklist to remind operator to perform certain tasks- No longer needed
Operator Selects the type of unit they are running

w N =

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
= |ntelligent enough to know what test should be run next.
= Creates a file path to save the .cine



Camera Control Software

(3
File Help

15:25:34 6
o203 || Bt

v

Architecture /My Computer] «




First LabVIEW then integrate in TestStand ) e

NI TestStand - Sequence Editor [Edit]

[E=mE=n~
File Edit View Execute Debug Configure Source Contrel Tools Window Help
CELER TN Hadvevcom - QB EIQARISALE-B-;
B-E-§ 9 BRI

.
Diverse Team:
9insettion Paletie = 8 X [T Reset to cnable_15tsen | BA_rend Coniy and ppeworzen_| = |
Step Types 2 | [Gizpeaineguence - # [Sequences -1
B4 G 0E~ Sen Descrption Setings Sequence Comment Requirement | T D M S U Sa ge
© cTAGUl B s,:,'.':‘(g: [ S squence
J i, 7 dCor ce in ReadConfigFilehnitCamera. .
=  AtSandia:
s D Varabies . -1
B CTAGUI Messaging H ;““"fgg:‘_‘f e Nst: Value e ]
. L : = Bt e e = 1 LlabVIEW/ TestStand
+ £ Variables ) SNL_DICE DICE seq Skp H EM’;; . Aoy of Resul0.emphy] L
) MatLob Anslyss_Curve Generation Call MainSequence in MatLsb Ansysis_Curve Ge.. Sk o i I
5 S B oo A SR Developer/Integrator/Sequencer
D=y Tempite Hew EdCmr TestResutsPath "CA\Test Resuts\JA6165_.  String by value)
=2l ) SetingsPath “CA\Toster\AM2AST65\TSL... String by value) ( M E)
"CA\Test Resuts\246165_... Sirng by value)
‘HSV_Etracted Data’  Sirng by value)
"HSV_DICE_Bdracted Data” String by value) il L 3 M atl a b Deve I O pe rs
9K Insestion . | B Windows |
55 S e for 0L 0o S = ASC Analysis and Parameter
Properties | ) Module
Fie Paihname: a0 Diceseq <[] L Speci By Bpressen i
C\Tester\ AN Exsciive \Tester Toolbox\SNL_Seq\2010 TestStand\AdustRO|_DICe seq i [T Use Curent File: EXt ra Ct on
S— insemers = — Sl - i f
T Registration and Curve
Perameter Nam Typ log  Defauk  Vaue How Passed

Generation
=  Parameter Extraction
5 2% Step Settings | 5§ Anaiyss Resuts |

= 1Cdevel
eveloper
|User: TESTERDEVELOPER _|Model: none (station modsi dis... [1 Step Selected (3] [Number of Steps

e -l @ Jlel- amvEEElE ] - DICe
= Tortoise SVN, (Subversion) = = AtNSC

with LabVIEW for Diff and v TortoiseSVN =  Tester Development Team
. ik = 4 Visual Basic/ Developers
Merge Operations

Authors: Stefan King, Liibbe Onken

Credits: Documentation : Simon Lar

Dosnersion Smentarge * NI Hardware and LabVIEW
» https://decibel.ni.com/conte | __ . expertise

nt/docs/DOC-2936 G

TortoiseSVN 1.7. 10, Build 23359 - 64 6it , 2012/10/08 11:46:26
Subversion 1.7.7,
1

= Many other options: GIT, u
PerForce, Mercurial

This product indudes software from Apache™ Subversion® (http:/fsubversion.apache.org)

This product ftware developed by the OpenSsL Project for use in the OpenssL Toolkit
(http:/fovww. openssl.org/)

e For Updites..

18
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Rough Flow in TestStand ) B

= WalkthroughTest
Sequence

. |nitia|i2e sauence Stepi [~ Stepir P| Stepi+2 P| Stepi+3 B Stepi+4 [P Stepits
. y
= Capture Video
Registration Research

(Matlab) DLL

. . Convert to :
] g ‘Anaul Quwe Analysis
Re I St ra t I O n Take Video jmm——————t e Displr;%:l:r:ent Times & Angles <_ -

Pass Fail -;
(Matlab)

(Lab View) Curves
(Matlab)

= ASC Transfer and
Analysis

Track Parts with DIC
Research

(Lab View)

= DIC Analysis ol | Fe [P DR e R T |

= Curve Generation
= Parameter

Extraction e View
Matlab Report
= Limits Checking atab
/\

DLL’s D |




NSC- Certified Tester Architecture(CTA) @

 API for TestStand

 File structure for code and data
Executive 4 Main Menu Select Part for Tes * Improvements on limits

HSV_TEST-101  Tester Control Program, H5V_TEST

: checkin
Available Parts g o _
_ — « Stores limits in Microsoft
Unit 1
Access database
Unit 2
Unit 3
U n |t 4 SL-Simulated Low Temp Reset to Enable
SM-Simulated Low Temp Enable to Reset
. SH-Simulated High Temp Reset to Enable (Production)
U n |t 5 SI-Simulated High Temp Enable to Reset (Production)
RE-Standard Operate Signal Reset to Enable (Production)

U n |t 6 ER-Standard Operate Signal Enable to Reset (Production)
TT-Threshold Operate Time Reset to Enable
TU-Threshold Operate Time Enable to Reset
MV-Minimum Operate Voltage Reset to Enable

> TV-Threshold Operate Voltage Reset to Enable
TW-Threshold Operate Voltage Enable to Reset
HV-ALL production tests
IP-ALL tests (production + development)

Timing for SLTRE_SLTER_SHTRE_SHTER_SOSRE_SOSER
Timing for SLTRE
Timing for SLTER
Timing for SHTRE
Timing for SHTER
Timing for SOSRE
Timing for SOSER

20



Initializing/Setup UL

| SOSRE.ini - Notepad fo[-E )
File Edit Format View Help

|[[Test Description] -
Test Description = SOSRE =

[Paths]

pDataFolder = C:\Test Results

Cine =

DIC Results Folder =

curveGenerationCode = C:\Tester‘\AM-Executive\Tester Toolbox'SNL_Se
curveGenerationCode Settings =

ASC Code = C:\Tester‘\AM-Executive\Tester Toolbox'\SNL_Seqg'MatLab‘as
ASC Code settings = C:\Tester‘\AM-Executive‘\Tester Toolbox\SNL_Seq’
Temp ASC Data Folder = “W\LT6035496%ASCFileshare'\For HSV

TDMS Data Path =

PassFail code = C:‘\Tester‘\aM-Executive\Tester Toolbox'sNL_segiMatL|=
PassFail Code Settings =

Feature Recognition Code = C:\Tester‘AM-Executive\Tester Toolbox\s

The Closer Code = C:\Tester‘AM-Executive'Tester Toolbox%SNL_Seq'Ma E ¥

Phantom 5TG File = C:‘\Programbata'Phantom\744%14020. st = SEI:I'.]' {D}
PhantomPConDl] = C:\Tester‘\AM-Executive\Tester Too'lbox%SNL_Seq\Pha = Mai
PhantomPFileDl] = C:\Tester‘AM-Executive\Tester Toolbox'SNL_SeqiFPh rl{ﬁ}

cfgrile = C:\Tester’amM2A1503 I5L Settings Files‘\SOSRE. ini
ROI Path = C:\Tester‘\aM2a1503%\IsL\Settings Files‘\subset_defs_RE.tx EGH Path For Config File
Master Cine Path = C:\Tester'AM2al503\IsL\Settings Files‘MasterIsL EHE.' d I:nnf“ F|

d 19 rie

[Camera Number and Save Range]

e e . 200" Il A3 Check ASC Temp Location

Minsavevalue - "-100" {3 Get CTA Path For Data Folder

FomeEocsrandtion = 2600 {3 Replace Test Code with Test Description in File path
EQESELE"EE?rEg:??}?mos;-os593 :El:reate Data Folder

[DIC Settings] <End GI‘IDIJD:?

ROIL size = 19

sigma Threshold = .07

Sigma Jump Limit = .02
correlation Criterion = ZNNSD
Search wWindow = 0

[Cine Parameters]

Imwidth = "896"

ImHeight = "400"

FrameRate = "10000"

Exposure = "50000"
EDRExposure = "0"

Imbelay = "0"

PTFrames = "19000"

ImCount = "65776"

syncImaging = "SYNC_INTERNAL™

21




Camera Control

= Live Image and Test Description are provided
= |nthis state the Camera waits for a trigger
supplied from the main tester

=  Automatically names and downloads movie

Setup (0)
= Main (8}
13 Initialize Camera
{3 Load Settings to Camera
{3 CSR
{3 Start Recording
:HWa'rting For Trigger and Live Image
{3 Recodring
{3 Corfigure Cine for Download
{3 Download
<End Group
= Cleanup (1)
{3 Destroy Camera Cine Handle

...........................................................................................................................................

+ Movie Check T

Plays back the cine and checks for errors
=  Checks to see if unit has vibrated
= Checked to make sure cine opens and plays

Setup (0)
= Main (3)
13 Open Cine

13 Play Cine
13 Select Ref Image
:H Updt Cfg- Quick Check

.......................................................................

<End Group=

= Cleanup (1)
133 Destroy Quick Check Cine Handle
<End Group>

22




Registration to Adjust ROI’s UL

= Need to adjust ROI’s
due to variability inunit ;o o0
position e —

........ {30penMatlab
= Matlabs Registration {3 Open DICe Subset_def b
] {3 Feature Recognition
out puts the change in: §3 The Closer
{3 Adjust ROl and Move to DataFolder
X, Y, scale, and theta. <End Group>
. . . . = Cleanup (1)
= This information is 15 Close Matizb
sufficient to get the e

ROI’s to fall into the
region of speckle

23




Move ASC File and ASC Analysis UL

Setup (1)
= Moves ASC data from EMan{)
e .I3Move and Rename ASCresuts
acquisition PC to Data S G
Analysis PC Cleanup ()
= Extracts Parameters
and writes them to a Setup (0)
: i EHMaing3
file to be Iatgr limit . 30penMatlab
checked against. §5§ Calling ASC Code
{3 The Closer
<End Group:
= Cleanup (1)
{5 Close Matlab
<End Group:

24




DIC + Curve Generation®E=.

=  Takes Data from Pixels vs frame rate into more
usable engineering data

= Converts to Angle vs Time, Velocity vs Time, and

= Utilizing Both Correlated Solutions DIC code and . .
Acceleration vs Time

Sandia’s DICe code

s Setup (0)

n _

ﬁgpeﬂ Image and Get 1st Frame EI"E."H} .....................................................................................
13 Select Reference Image Hﬂpenl'u'latlab ....................................................................
8 Create amay and corfigure DIC {3 Select DIC or DICE (Default DIC)
18 Analyzing {3 Calling Curve Generation
{3 Save Results to C5V 13 The Closer
{54 Save RO picture <End Group>
<End Group> =0 i1

= Cleanup (1)
........ :m Degtm}r[‘anHanmE ................................................................ :H Cloze Matlab

. EndGmup:: ......................................................................................... <End Group>




Performance Metrics

1551~

305

300

1501~

1451~

295,
20

140~

! [ | [ ! ! ! E I d
0 200 400 600 800 1000 1200 1400 vent Index

=  Metrics of interest (e.g. event 3.5 ‘ ‘
times) are identified and computed il / e sl
with a post-processing algorithm

= Markers identify behaviors of
interest

Unit 1 Unit2 Unit3 Unit4 Unit5 Unit6 Unit7 Unit8 Unit9 Unit 10 Unit 11
SN Number




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.

= QGreatly 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.




° Laboratories
Conclusion
, = Big Thanks to:
= Custom software is the only way ,
this technology can be = Michael Herzberg
incorporated into a production = Miguel Palaviccini

environment.

= NI Products were easy to use to * Dan Turner
integrate many different = Alvaro Cruz-Cabrera

platforms. ] ~ -
= Using 3 party DLL comes with John Griffin
certain challenges but benefits = Bob Dearth

out-weigh cons.

= DIC is automatable for complex _
mechanisms and tests = Phil Reu

= Vision and motion toolkits have = John Wagner
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.

= Brandon Leslie




