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Digital Image Correlation (DIC)

_.1--"- Li A B PN s
Reference Subset :.‘ .

1.  Sum Squared Difference
(SSD)
2. Normalized Sum Squared
: Difference (NSSD)
3. Zero Normalized Sum
Squared Difference
(ZNSSD)

NCC x®™% 2 §.% NSSD x®* » §.",
g &= i sigma [pixel] - this is the
| ‘ . ‘ | confidence interval for the
match at this point, in pixels.




Different Environment- Production @&z,

= Sandia National Laboratories- R&D Laboratory
= Development

= Production Factory
= Speed
= Repeatability

=  Production line- Deadlines

= Reliability, Maintainability, and Supportability of the Systems




Complexity of Phantom(PCC) HSV Software @&,

T

T e | i |
sE B - e - BHw [ Er—— | ve Play Manager
A
= = 1280 200
Wiy
Camera 200
x
- Camera Settings - |
¥ Cine Settings 1 D24 X ?E'E
— ) _768x 768
F68x 576
Name 1610_102
768 x 430
Resoltion  1280x 800 = \ E'4ﬂ i 45,“
—
Sample Rete 100 - pps ‘_ BZ2x 512 |
. 512x384
o -512x 320
-304x 238
1256 x 256
256x 128 |
f
Image Range and Trgger Postion 1 25‘ x 1 Z'E' 1
- e [= ) 128 64 -
T 1 128x 16
y Custom..
Duration: 332.860s (33286p)
¥ Flash Memory .
¥ Advanced Setftings
Cine Advanced :
High Quality Image Mode
[ Exposurein PIV Mode HE:H}
Burst period s EEE!-
8= O Burst court 0 - p 1{“:“}
—— — Start/End of recording actions 100 "
[ Auto Black Reference — 3
“ Swve Ci a
= [ Auto save to CineMag/buittin Flash n 3’ﬂ
Saven: & DmeeC ) - @F @ [T Auto save to CineFlash/CardFlash £ 1ﬂ
o Hame : Date moddied Type e - filename: -4
a5 30 Spekde Track 122ANIIEEPM  File fobder Auto play Videa Out
Recent Places Analyzes Dats GG AM  File folder T u Dmpg;fg tmes [F] Filcine n 1 C
f=3 SE201311:23AM  Filke febder O I I l C CO n ro
- DRIVERS SE235AT AN File felder L First 5770 Last 51932 ﬂ‘tﬁ I
Deitop 11720/2003 2:33PM File folder a D.ISTDITI -
Installers L1013 227 M File fobdes [ Restart Recording _
Intel 53 E0AM  File fobder Col I I p eXI y O r a
Libeasies B Labview Archieve 1. 2013 S5/15/20134:51PM  File folder Edemal Syne
. LabVIEW Builds 1171572012 320 PM  File felder Sync Imaging
k % LablView Workspace 12/5/2003 1:21 PM Sta n a r u Se r
Computer WSOCache 32072003 10:55 PM L] Master camera serial (D=none)
Natsanal Instrurnents Dovnloads 107572003 LS8 PM File folder
‘L old Labiew Warkspace FUAIILLIEAM  Fie fobder Frame Delay 0 =
H Darfl ane TANE &N DA Fils feddar - a S y 0 m a e
etwurk
[oR— - IEI Real Time Output
Sweaatpe  [One, e *] | cwen | H t k ' [ Enatle
o oo W _ a mistake: Tereni
Uncompressed fiels) sive: 1EIL4 HE Solt Quarters Cam: 47C -
14 header | GorderDats... J - —
o E - -




Complexity of VIC 2D- Commercial DIC Software ) e,

Disadvantages

T S ™ = Long time to track a full
- run of a unit(about 8
''''''' hours)

= No easy way to save ROI

= Must convert .cine to
Liff

= Manually Save Tracked
data to file

= No Batch Mode!




Camera and Light Dome Mount + Fixture. ) e
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Start of the Solution: LabVIEW!! ) o,

Started with Phil Reu’s initial Speckle Track program, which could bring in
.cine and then could search the current image for a ROl. The program was a
great starting point. Also, Vision Research provided a SDK which had a
Sample Program to control a camera.

1. Drastic improvements in time because of far fewer points being
tracked

Improved the user interface

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

Save data directly to .csv

Most Importantly added a Batch Mode.
Many more additions

N oA W

LabVIEW




Creating DLL from .h Files

= Correlated Solutions provided the .h files

|Z| h_core.dll

%) h_fciw.dll

/%) h_image.dll

|Z| h_vision.dll

|%) hasprms32.dll
Header File.docx
|%| hydra_lab.dll
hydra_lab.h

%) QtCored.dll

1EEEN Window  Help

Measurement & Automation Explorer...

Instrumentation

MathScript Window...

Compare
Merge
Profile
Security

ser Name...

- v v

Convert Bui
Source Control
VI Analyzer

LLB Manager...

Shared Variable
Distributed System Manager

.NET Controls to Palette...
iveX Controls to Palette...
_..red Library (.dIf}...

Find VIs on Disk...

Prepare Example Vs for NI Example Finder...

Remote Panel Connection Manager...
Web Publishing Tool...

Actor Framework Message Maker...
Control Design and Simulation
Create Data Link...

Find LabVIEW Add-ons...
SignalExpress

VI Package Manager...

Vision Assistant...

Web Service...

Advanced
Opticns...
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[ﬁ Import Shared Library

==

Configure VIs and Controls

=+ | center_csys ()

-[] function return
] extrd
extrl
stereo_trans
i | correct_distortion ()

-[] function return
-] points
n_paints
-[1] subset_size
-] ref_img
ref_w
~[z] ref_h

def img

[z] def w

[ defh

[] search_win
[ | triangulate ()

NN

Settings | Mame and Description |

INSTRUMENTS

NATIONAL

VI Execution Properties
[7] Reentrant Execution

Call Library Mode Settings

Thread Calling Convention

©) stdcall (WINAPT)

Run in Ul thread

J Run in any thread

Declaration in Header File

Preferred Execution System

Same As Caller

HYDRA_APTint correlate(float points[], int n_peints,
int subset_size,
const float ref_img[], int ref_w, int ref_h,

P s . ed ek b

4 [m]»

Function Name

correlate

Call Library Function Mode Prototype

o

Iol orrelate(float *points, long n_points, long subset_size, =+
float *refy long ref_w, long ref_h, float *def_img, long
def_w, long der ng search_win); s

.
Back Mext Cancel Help

10




Creating DLL from .h Files ) S,

_ error in (no error) error out

|
i
|
sl

’ points | iz [12] | | function return
{3 hydra_lab.vlib on Main Application Instance [EE 11 B
File Edit VYiew Project Operate JLEES Window Aqel E'I_p-t}iﬂt!.i i points out
rrI32 132
Items | Files / = sl
= @ subset_size
- center csys.vi —
- [ml  correct distortigpe]
il correlatevi ref_img
i @] hydra_lab.dll @
@. triangulate.vi
ref_w
ref_h
def_img
|[5n| ¥
def_w
e —
def_h
o —
search_win
Demo: C:\LabView Workspace\ReUsable vis\hydra_lab_Re-entrant\Vls 11
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More practical use of DLL call

Hydra.Currentlmage
Hydra.CurrentlmgResults
= Hydra.AllResults
M Carnera.Currentlmgfrray

K

AnalysisClusterQut out

Hydra.Currentlmage
=21

Hydra.Points
ydra.Sigma Threshold
Hydra.CurrentlmgResults
Previous Run ROLNumberOfSubsets
ROLSubsetSize
AnalysisClusterQut in Hydra.Reflmagefrray
E Hydra.ReflmgXResclution
Hydra.ReflmgV¥Resclution
Hydra.DeflmgWidth
Hydra.DeflmgHeight
Camera.CH
Hydra.Currentlmage
CameralmageSize
Hydra AllResults =l

If ROl is lost code
repositions ROl to
starting postion

Checks to see if ROLis lost
or not tracking

PHReadCinelmage.vi- I removed this from the vi and simplified it.
This only works for 10,1214, and 16bit images.

DIC DLL Call
error out

errorin (no error)

et Data is placed

E_I' Y into Array

Third-Party DLL that does the correlation and gives the displacement .
LabVIEW code generates everything that goes into the DLL.

Official Use Only



Example Program From Vision Research ).

%v| L.« Mational Instruments » LabVIEW 2013 » instrlib »

MName

| &
| &
| &
| &
| &
i &
| &
| &
| &
| &

i &
| &

_iviclass

_nilnstr

_Template - Counter
_Template - DC Power
_Template - DMM
_Template - Function Generator
_Template - Generic
_Template - Power Meter
_Template - Register
_Template - Scope

, _Template - Spectrum Analyzer
, Agilent 34401

J nis79x

. niDCPower

J niDMM

J niFgen

J niHSDIO

J niHWS

J niModInst

J niRFSA

| niRFSG

J niScope

J niSwitch

 niTClk

nivsT

| dirmnu

Yision Research Phantom Series Labview Driver

Date modified

10/24/2013 2:37 PM
12/2/2013 6:15 PM

10/24/2013 2:31 PM
10/24/2013 2:31 PM
10/24/2013 2:31 PM
10/24/2013 2:31 PM
10/24/2013 2:31 PM
10/24/2013 2:31 PM
10/24/2013 2:31 PM
10/24/2013 2:31 PM
10/24/2013 2:31 PM
10/24/2013 2:31 PM
12/2/2013 6:14 PM
12/2/2013 6:15 PM
12/2/2013 6:17 PM
12/2/2013 6:18 PM
12/2/2013 6:19 PM
12/2/2013 6:26 PM
12/2/2013 6:25 PM
12/2/2013 6:2

12/2/2013 6:25 PM
12/2/2013 6:16 PM
10/24/2013 4:06 PM
7/1/2013 8:02 PM

- | 3 | | Search instr.lib

Vizsion Research Phantom Series LabVIEW Driver

i

Q Search l % Customize™

Initialize.wvi  Action_Status

I

VI Treewi Data

«—H ¥
[z [F]
E [=

Phantom DLLs

Ltilities

Error Handling

13



Example Program From Vision Research @,

A A A

-
-

-
£ o
¢ -
© o
¢ -
¢ -

o

Wit for Action”, Default *hf

T
=1 - —_— . | E
ACQUIPARAMS Disgley _' A o = =
e | G BN | R
Source. | e T, )
B Lewm { g |l o | { ==
[ — 3 E]-lmr“él‘_-hs_"- (G
= bﬂ-glm.n!l
Ilﬁmm-ﬂiﬂ\hﬂﬂ- -
Demo: C:\LabView Workspace\Phantom




Pro’s and Con’s of 3 party DLL's ~ [JE=.

Pro’s Con’s

= Enable developer to control = Can cause LabVIEW to crash
all aspects of hardware. spectacularly!

= Streamline processes. = Poor documentation.

= Develop custom software. " (Odd behavior between runs

= Eliminate user mistakes of the program- Need to
when using hardware. completely exit LabVIEW to

: correct issue.
= Allows consistent results by

limiting what the user can " Lots of guess work to figure
see and do. out what the dll is doing.

= No support in many cases.

15




Camera Control Software: ) e,

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

1st:Checklist to remind

operator to perform certain 2"d: Operator Selects the unit they are running
tasks- No longer needed

DSeIect Correct Stand Position/Height
u
DUnit in Correct Orientation in Stand > ] | ’ n It 1 O K

DConnect Control Wire to Unit Unit 1
DTurn On Light Unit 2
| |Lower Light Dome Unit 3
DCheck Focus Unit 4
| ISpeckle Unit Unit 5

Unit 6

Official Use Only




Camera Control Software: ) e,

3rd: Operator enters serial
number of unit- Only time

operator needs to type 4t : Operator Selects the test to
anything into the program be run
Enter Serial Number of Unit Test Run 1
Enter # oK | OK
Test Run 1
Test Run 2 .
Test Run 3
Test Run 4
Test Run 5

Official Use Only




Camera Control Software ) i,

= 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

Part # Serial # IP_Test Run_Date Time.cine

Official Use Only



Camera Control Software ) g,

Official Use Only



Reminder of Phantom(PCC) HSV Software @&z,

T

T e | i |
sE B - e - BHw [ Er—— | ve Play Manager
A
= = 1280 200
Wiy
Camera 200
x
- Camera Settings - |
¥ Cine Settings 1 D24 X ?E'E
— ) _768x 768
F68x 576
Name 1610_102
768 x 430
Resoltion  1280x 800 = \ E'4ﬂ i 45,“
—
Sample Rete 100 - pps ‘_ BZ2x 512 |
. 512x384
o -512x 320
-304x 238
1256 x 256
256x 128 |
f
Image Range and Trgger Postion 1 25‘ x 1 Z'E' 1
- e [= ) 128 64 -
T 1 128x 16
y Custom..
Duration: 332.860s (33286p)
¥ Flash Memory .
¥ Advanced Setftings
Cine Advanced :
High Quality Image Mode
[ Exposurein PIV Mode HE:H}
Burst period s EEE!-
8= O Burst court 0 - p 1{“:“}
—— — Start/End of recording actions 100 "
[ Auto Black Reference — 3
“ Swve Ci a
= [ Auto save to CineMag/buittin Flash n 3’ﬂ
Saven: & DmeeC ) - @F @ [T Auto save to CineFlash/CardFlash £ 1ﬂ
o Hame : Date moddied Type e - filename: -4
a5 30 Spekde Track 122ANIIEEPM  File fobder Auto play Videa Out
Recent Places Analyzes Dats GG AM  File folder T u Dmpg;fg tmes [F] Filcine n 1 C
f=3 SE201311:23AM  Filke febder O I I l C CO n ro
- DRIVERS SE235AT AN File felder L First 5770 Last 51932 ﬂ‘tﬁ I
Deitop 11720/2003 2:33PM File folder a D.ISTDITI -
Installers L1013 227 M File fobdes [ Restart Recording _
Intel 53 E0AM  File fobder Col I I p eXI y O r a
Libeasies B Labview Archieve 1. 2013 S5/15/20134:51PM  File folder Edemal Syne
. LabVIEW Builds 1171572012 320 PM  File felder Sync Imaging
k % LablView Workspace 12/5/2003 1:21 PM Sta n a r u Se r
Computer WSOCache 32072003 10:55 PM L] Master camera serial (D=none)
Natsanal Instrurnents Dovnloads 107572003 LS8 PM File folder
‘L old Labiew Warkspace FUAIILLIEAM  Fie fobder Frame Delay 0 =
H Darfl ane TANE &N DA Fils feddar - a S y 0 m a e
etwurk
[oR— - IEI Real Time Output
Sweaatpe  [One, e *] | cwen | H t k ' [ Enatle
o oo W _ a mistake: Tereni
Uncompressed fiels) sive: 1EIL4 HE Solt Quarters Cam: 47C -
14 header | GorderDats... J - —
o E - -
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Evolution of Speckle Track Software @.

B

File Edit View Project Operate Tools Window Help

15pt Application Font |+ || 3 || oo ||

il

-}| SAF-Back to Starting Postion (Subvi)

[ Fotetion |

[ETTY
381-

T

Ty

Optical Flow Tracking Options
Level

o
**************************************** : Max. Iterations

________ é’3—

Written by: S iraing Window Size
Phillip L. Reu 284-8913 &

A
Scott Walkington 284-9331 \ﬂnm s

V-20 subset_size Displacement Threshold

a5 gom

Search Window

i

DIC Results Subsets

Area 01
Area 02
Area 03
Area 04
Area 05
Area 06
Area 07
Area 08
Area 09
Area 10
Area1l
Areza 12
Areal3
Area 14




Evolution of Speckle Track Software

[ Save Data ~]

Default Vals.Reinit Al

(14] "Run Batch”: Value Change,

[oRun Batch < ——— &= |

amE

i

Subsets|

Sigma Threshold |[ScLy
DIC Results

Correct Distortion?|

Results 3D #sci]

Ja[No Error ~ ]

o] "Initialize”

Vic Loop Variablesjl 2%

Image Clusterjl =t

# Get Initial Image |
[+ Select Reference Image 7]

[ Open Image Directoy -

Reference Cluster[[ Sat b

DIC Results| & ListBox
Subsets| & ListBox

| U™ DIC Results Refrum
Subsets Refnum

[ Dicabled and Graved Out k=
=} Disabled and Grayed Qut |~ =
L

Correct|

Data Viewer| & WaveformGraph [

display| & ImageControl |

Data Viewer Refnum
Display Refnum
Results 3DRefnum
Image to Get Refnum  jm
Stop|® Boolean [+ Stop Refnum
Correct D\;tnrtion?la Boolean | Correct Distortion Refnum
Sigma Threshold [ Dicital Sigma Threshold Refnum

User Generated Data Path it Path Refoum
Reference Image Refnum
Reference Image| & Rin

Results 3D|& An

iG]

Select Batch Files

Run Batch

error out

Sandia
National _
Laboratories

Referencelmage

Stop Refnum

display

Qverlaylmage

[p!

Il
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Sandia

Current Version of Speckle Track Software

T[] et Subuet Value Charge =

m E rMasterCl
Dissbled|f -1~
~@-plisabled]
Time 4
mﬂ B b Oabied) Ted
. 1 " cine)
Disabled] Deabiled]
Track
Disabled] Erusbied]
:M.‘L‘“' hisatied
fatch Ciedtory [~ Dezabled and Grayed Out 7]
ol«.»w'ucumq!-mhu- e
! el
STEFOL ol e bt Trek [o Dissbled and Out =] 5
STC.C L astlen
E. - Ickers
o H Drsabled]
My L
= Tﬂ:. . = ity umentimege
- B o ] b@ & [ s
L % <] Dats Viewer
[Fiease Setect the Cine that you would like to Analyze..] lonags
- AN
i state changes such Bl on
0] 5

[Ensive Locg]




Sandia

Speckle Track Software E

Speckle Track KC.vi
File System Help

ur Abort Track
Subsef I
ibbiiiofdi ~ Current Date/Time oo o
H || 1153550 ‘
14 :53:53 i
el ‘ Exit I 12702013 4400
Ol Area0s-u RN || DIC Resuits Subsets
al Area 05-v = Frame Number & Area 01 |
-+ B Area 02
P Area
06 R Area03
Area 06-v m Area 04

Area 05
Area 06}

xc
y.c
uc
v.e

fc =l hdl

Batch Directory
i

Pixel

Run Batch

Directories
A
10}
£
214
-16-| =|

-28-) | I | | v I | T
4640 4700 4800 4900 5000 5100 5200 5300 5440

:640x480 110X8-bitimage6 (0,0)
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Proper Architecture )

B = Need way to Pass Error

E D - Message and data around.

— = Limit local/global

N rE—— _ — O | S = =
=== 4 N Variables
. e 1 = Left to Right flow then
— — - down
I P = Producer/Consumer is a
——— great start but need

- ] another loop.

B 77 = Fundamental flaw is that

I —— 7 the producer loop has no
e e = —g - idea if an error has

= s occurred in the

- consumer loop.
= T e o == e~ = -
F— . ]. = Complex applications
i = need multiple loops
| Eae=, = e i -—E?qr-?‘—ff?igi? —

I ——
Official Use Only



Error Handling Vs. Error Recovery — [MJE.

-1074396154

Error: 100 IMAQ Symmetry
cccurred im: Vision Research Phantom Series PhCon PhGetResolution.vi
Simulated camera

Turn On Camera and Wait about 60 seconds until Undecumented System Error, please record this information and contact the vendor.
the Fan speed slows.

[

Turn OFF Camera

Official Use Only




Conclusion )

= Using 3" party DLL comes with certain challenges but benefits
out-weigh cons.

= Vision and motion toolkits have become incredible powerful
tools.

* Producer/consumer great for quick development but lack the
ability to handle errors gracefully and cannot handle multiple
process simultaneously.

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

I ——
Official Use Only



Questions?? ) i

Official Use Only





