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Installation Requirements - 1.1

1.1 - Installation Requirements

Version Requirements:

e Required: R2009a+
e Recommended: R2012a+

NOTE: Ncorr was developed on MATLAB R2009a and has not been tested on prior versions. It works best on MATLAB R2012a
and above, as R2009a has some problems with the stacking order of objects in the plotting tool.
Toolbox Requirements:

e Required: Image Processing Toolbox
e Required: Statistics Toolbox

Operating System Requirements:

e Required: Windows or Linux
e Recommended: Windows

NOTE: Ncorr was developed on Windows 7. It has also been tested on Linux Ubuntu 14.04. Ncorr currently will not work on Mac
0sS.
MEX Compiler Requirements:

e Recommended: Visual Studio 2008+ or GCC 4.2+

NOTE: Ncorr utilizes the STL library. It also has an option to use OpenMP for users with multicore processors. If the use of
OpenMP is omitted, then any C++ compiler that supports the STL library should work.
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1.2 - MEX Setup

First, make sure a supported C++ compiler has been installed on your computer. Find the version of your
Matlab (i.e. R2014b) and then determine which C++ compilers are supported. For example, R2014b has
the following supported compilers:

MATLAB Product Family — Release 2014b

MATLAB MATLAB MATLAB Fixed-
MATLAB Builder Builder Builder MATLAB Point
MATLAB Compiler EX NE JA Coder SimBiology Designer
For C
MATLAB Engine = and C++ For For
and MAT-file shared For all For all For alf For alf accelerated = accelerated
Compiler APls libraries features features features festures = computation computation
Microsoft Windows SDK 7.1 & & & P s 4 &
Avaiiz e requires
NET Fi
Microsoft Visual C++ 2013 & & & & 4 (4 &
Professional
Microsoft Visual C++ 2012 & & & &S 4 4 4
Professional
Microsoft Visual C++ 2010 & & & & 4 4 4
Professional SP1
Microsoft Visual C++ 2008 & & & & 4 4 4

Professional SP1 and Windows SDK

6.112
http://www.mathworks.com/support/compilers/R2014b/index.html

From this list, the Microsoft windows SDK 7.1 appears to be the only free C++ compiler available for the
R2014b release. If you have access to multiple compilers, then use the most recent compiler which has
OpenMP support (i.e. if you have access to Microsoft Visual C++ 2013, then use it). If you want
multithreaded support, Visual C++ is required for users on Windows systems, while GCC is required for
users on Linux systems. Note that Windows SDK 7.1 does not support OpenMP, so if you are using this
package then multithreading cannot be used, although the single threaded version of Ncorr will still
work with this compiler.

After downloading a supported compiler, make sure MEX has been set up properly in MATLAB. Type
"mex -v" in the MATLAB terminal as shown below:

EDU>> mex -v

The output will either be something similar to:

Select a compiler:

[1] Lcc-win32 C 2.4.1 in C:'PROGRA~2\MATLABR2008A~1'sys’lcc

IEZ] Microsoft Visual C++ 2008 Express in C:\Program Files (x8&) ' Microsoft Visual Studio ©.0J
= =2 S =20 = =2
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or:
-> Default options filename found in C:' Users\ ‘AppData'.Roam
-> Options file = C:\Users\ ‘AppData’ Roaming' Ma
MATLAB = C: PROGRA~2" MATLAB'R200SA~1
->  [compiLER =c1]
-> Compiler flags:
COMPFLAGS = /c /Zp8 /GR /W3 /EHs /D_CRT_SECURE_NO
OPTIMFLAGS = /02 /Oy- /DNDEBUG
DEBUGFLAGS = /27
arguments =
Name switch = /Fo
-> Pre-linking commands
-> LINKER = link
-> Link directives:
LINKFLAGS = /dll /export:mexFunction /LIBPATH:"C:

T TRTTTATRTIATY 2 Ae - IMTERITTA MAT L0 amecoAA L w

In the first case, MEX has not been set up so, so choose the supported compiler (Microsoft SDK or Visual
Studio in Windows or GCC on Linux systems). In the second case, MEX has already been set up, but
check to make sure the correct compiler is installed. If "COMPILER = cl" or "COMPILER = gcc," then MEX
is set up with the correct compiler. If a different compiler is installed, rerun the MEX setup by typing
"mex -setup" in the MATLAB terminal as shown below:

>> mex -sstup

And select either Microsoft Visual C++ (or GCC on Linux systems) from the list that appears.
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1.3 - Automatic Installation

After MEX is set up correctly, get the latest version of Ncorr from the ncorr.com website downloads
section (as of this manual, the latest version is v1.2), as shown below:

> Open source 20-DIC MATLAB software

> RGDIC - Contiguous Circular Subsets - Biguintic B-Spline Interpolation - High Strain Analysis
> Inverse Compositional Method Image Alignment - Mex - OpenMP

HOME DOWNLOAD APPLICATIONS DIC ALGORITHMS DATA COLLECTION

Downloads

{Incorr v1.2 - zip Click on the link under "Program” on the menu to the |
= containing .m. .cpp. and _h source files as well as the

that automatically compiles the MEX files before runnir

Then, navigate to the directory where you saved Ncorr. Make sure none of the files have been moved or
altered. From there, type "handles_ncorr = ncorr" in the MATLAB terminal as shown below:

Current Directory. * O 2 x| <StudentVersion> Command Window »0 a2 x
B <« ncorr_matlab > v EDU>> handles_ncorr = ncorr;
8l £

[0 Name Date Modified

license.txt 7/4/14 7:57 PM o
) ncorrm 8/7/1412:36 PM
B ncorr_alg_addan... 8/2/14 6:56 PM <Student Version> : Openm...| = P

ncorr_alg_adddi... 8/6/14 6:11 PM = —

ncorr_alg_calcse... 8/6/14 6:42 PM Openmp support

Requires multicore CPU and Visual Studio 2005+ or GCC 4.2+

ncorr_alg_conve... 8/6/14 7:00 PM installed through mex.

1| ncorr_alg_conve... 8/5/145:51 PM
ﬁ ncorr_alg_conve... 8/5/14 6:04 PM
ﬂ ncorr_alg_dicana... 8/5/14 6:11 PM
ncorr_alg_dispgr... 7/26/14 12:59 PM
ncorr_alg_extrap... 7/19/14 1:49 PM _ Finish cancel |
ncorr_alg_formb... 8/6/14 6:07 PM
ncorr_alg_form... 8/6/14 6:04 PM
ncorr_alg_formr... 8/6/14 5:59 PM
ncorr_alg_formt.. 8/6/14 5:58 PM
ncorr_alg_formu... 8/6/14 5:50 PM
) ncorr_alg_interp... 8/2/14 6:09 PM
ncorr_alg_rgdic... 8/6/14 7:04 PM

Cores:
| Manually specify GNU compiler (if installed with GNUMEX)

G++ (GNUMEX)

1

A dialogue box will appear about OpenMP support. Click the checkbox for OpenMP if you have a
multicore processor and want multicore support. The number of cores on your system is most easily
determined by checking the task manager on Windows (or system processes on Linux) as shown below:

Applications | Processes [ Services | Performance | Networking [ Users |

CPU Usage CPU Usage History

Memory Physical Memory Usage History




Automatic Installation - 1.3

In my case, my computer has 8 logical cores that can be utilized for computation.

NOTE: If you use all your cores during computation, generally any other applications on the computer will slow down drastically
(such as browsing the internet), so if you plan on using your computer during computation, then it might be best to leave out a
core or two.

The manual compiler specification option is there for the case that GCC is installed on Windows through
gnumex. This is probably won't be the case for most users, so when in doubt leave it unchecked.

During installation, a pop-up for setting the path will appear. The path needs to be set in order to upload
images from other directories. This is only a temporary solution and the dialogue box will reappear if
MATLAB is closed and reopened. For a more permanent solution, you can set the path manually
through: File > Set Path > Add Folder from the MATLAB GUI.

If the installation proceeds as normal, the following should appear in the terminal:

Installing standard_datatypes... Please wait
Installing ncorr_datatypes... Please wait
Installing ncorr_lib... Pleases wait

Installing ncorr_alg formmask... Please wait
Installing ncorr_alg formregions... Please wait
Installing ncorr_alg formboundary... Please wait
Installing ncorr_alg formthreaddiagram... Pleases wait
Installing ncorr_alg formunion... Please wait
Installing ncorr_alg extrapdata... Please wait
Installing ncorr_alg_ adddisp... Please wait
Installing ncorr_alg convert... Please wait
Installing ncorr_alg dispgrad... Please wait
Installing ncorr_alg calcseesds... Please wait
Installing ncorr_alg rgdic... Please wait

And then a GUI for Ncorr should appear:

B <Student Version> : Ncorr - handls

||File Region of Interest Analysis Plot

— Program State———— — Reference Image — Current Image(s)
Reference Image NOT SET
Current Image(s) NOT SET
Region of Interest ~ NOT SET
DIC Parameters NOT SET
DIC Analysis NOT SET
Displacements NOT SET
Strains NOT SET

— Region of Interest

MName: Name:

Resolution: Resolution:

If this is the case, Ncorr has most likely installed correctly and the installation should be complete. The
next time you open MATLAB, you can open Ncorr again by typing "handles_ncorr = ncorr" into the
MATLAB terminal and the GUI should appear without having to repeat the installation process.

If compilation fails, then the following error message will appear:
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Files did not compile properly. Make sure mex has a c++ compiler set and
that the file names have not been altered or moved. If this is the case,

then try reopening and installing ncorr without openmp. If problems
persist, then try commenting out the compile section in ncorr and manually
compiling the functions. Instructions for compilation are available in the

manual at ncorr.com

If all the above steps have been followed correctly, then first try to install Ncorr without OpenMP. If
compilation still fails, then you may need to complete the installation manually as described in the next
section. If the installation proceeded correctly, then you can skip the rest of the installation section and

move onto the user guides.
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Manual Installation - 1.4

These steps show how to perform the manual installation of Ncorr, which involves the compilation of

MEX files as well as the creation of an "ncorr_installinfo.txt" file which contains information about

multicore support.

The first step is to comment out the automatic compile section in the ncorr.m file. Add "%{" before the

compile section and then "%}" after it as shown below:

File Edit Text Go Cell Tools Debug Desktop Window Help
DNEd|(smBY ¢ (LT - Aef | k-8B RBE BB |Stack Base ~

-3 8
e e

+

x | o o | @,

2836 —
2637 —
2638
2639
2840
2841
2642
2643
2844
2645
2648
2647
2848
|

end
% BEGIN COMPILE SECTION
%
% COMMENT THIS SECTION OUT AND MANUALLY COMPILE IF 5
MPILATION FAILS!!! THIS SECTION WILL SUPPORT OPENMP %
COMPILERS (CL AND GCC) WHICH WERE INSTALLED THE
% STANDARD WAY (mex -setup) AND THROUGH GNUMEX. IF THE
% COMPILER WAS MANUALLY INSTALLED A DIFFERENT WAY, OPENMP
% WILL PROBABLY NOT COMPILE CORRECTLY, ALTHOUGH SINGLE
% THREADED INSTALLATION SHOULD BE FINE. INSTRUCTIONS FOR

end

outstate = out.failed;

return;

end

% END OF COMPILE SECTION

T Set output
outstate = out.success;

»

ncorr / check_mexinstall Ln 28.. Col 15 ‘O\/R

The next step is to manually compile all the necessary libraries and MEX files. At the time of writing this

manual, there are three basic library .cpp files, and eleven MEX files which are listed in the table below:

standard_datatypes.cpp
ncorr_datatypes.cpp
ncorr_lib.cpp

Library Files

ncorr_alg_formmask.cpp
ncorr_alg_formregions.cpp
ncorr_alg_formboundary.cpp

ncorr_alg_formunion.cpp
ncorr_alg_extrapdata.cpp
ncorr_alg_adddisp.cpp
ncorr_alg_convert.cpp
ncorr_alg_dispgrad.cpp
ncorr_alg_calcseeds.cpp
ncorr_alg_rgdic.cpp

MEX Files

ncorr_alg_formthreaddiagram.cpp
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”n

Start by compiling the libraries "standard_datatypes.cpp,” "ncorr_datatypes.cpp," and “ncorr_lib.cpp.”

as object files by using the "-c" flag with MEX as shown below:

EDU>> mex -c standard datatypes.cpp
EDU>> mex -c ncorr_datatypes.cpp
EDU>> mex -c ncorr_lib.cpp

Next, compile the following MEX files with:

EDU>> mex ncorr_alg formmask.cpp standard datatypes.obj ncorr_datatypes.obj ncorr_lib.obj
EDU>>
EDU>>
EDU>>
EDU>>
EDU>>
EDU>>
EDU>>
EDU>>

corr_alg formregions.cpp standard_datatypes.obj ncorr_datat

ypes.obj ncorr_lib.obj
obj
r_alg formthreaddiagram.cpp standard_ .at = Corr v b corr_lib.obj
orr_datat s.obj ncorr_lib.
es.obj ncorr_lib.obj

>orr alg formboundar p standar

:orr_alg formunion.cpp standard d

cpp standard datatypes.ob]j ncorr_data

p standard )] ncorr_datat

)] ncorr_datatypes.obj <} S
ypes.obj ncorr_ lib.obj

NOTE: When compiling the MEX files with linux, the standard_datatypes and ncorr_datatypes libraries will be compiled with an
".0" extension instead of an ".obj" extension.

The last two files that need to be compiled are "ncorr_alg calcseeds.cpp" and "ncorr_alg_rgdic.cpp.”
These files utilize OpenMP and thus needs to be compiled with certain compiler flags. If multithreaded
support is not desired, then the files can be compiled like the other MEX files in the following way:

EDU>> mex ncorr_alg calcseeds.cpp standard_datatypes.ob] ncorr_datatypes.obj ncorr_ lib.obj
EDU>> mex ncorr_alg rgdic.cpp standard datatypes.obj ncorr_datatypes.obj ncorr_lib.obj

Otherwise, flags need to be passed to the compiler. The required flags are shown in the table below:

0S/Compiler Flags

Windows with Visual | -\ /06| AGS="$COMPFLAGS /openmp /DNCORR_OPENMP"

Studio

Windows with GCC COMPFLAGS="$COMPFLAGS -fopenmp -DNCORR_OPENMP"

(gnumex) GM_ADD_LIBS="$GM_ADD_LIBS -lgomp"

Linux with GCC ICg);)r(TIjIF_ﬁGS= \SCXXFLAGS -fopenmp -DNCORR_OPENMP" CXXLIBS="\SCXXLIBS -

An example compilation for these files with the appropriate flags is shown below for a system with
Windows and Visual studio:

EDU>> mex
EDU>> mex nc

p St tat

AGS penmp /DNCORR_OPENMP"
5 /openmp /DNCORR_OPENMP"

standard_datatyy

The important thing to note here is to make sure you use the correct name and format for the compiler
flags, which depend on both the operating system and the compiler. If compilation still fails or more
assistance is needed then please email the author of Ncorr at jblaber3@gatech.edu.



Manual Installation - 1.4

At this point, all the MEX files should be compiled correctly. The next step is to create a file called
"ncorr_installinfo.txt" and then fill it with the following:

File Edit Text Go Tools Debug Desktop Window F
DEH|sBR20 | LT - Aesf HE-§
o | o

R oB| -0 |+ | el | x|
a5 1,4

The first number represents whether or not OpenMP support exists, and should be either 0 or 1 (0 = no
OpenMP support; 1 = OpenMP support). The second number represents how many threads you want
the DIC analysis to run on (this should be a number greater than or equal to 1).

NOTE: Make sure to separate the numbers by a comma; the format should be: "#,#".

After the above is complete, type "handles_ncorr = ncorr" into the MATLAB terminal to bring the GUI
up. If no error messages appear, then the installation should be complete. As a double check, make sure
the options you specified in the "ncorr_installinfo.txt" file were loaded correctly by typing
"handles_ncorr" in the MATLAB terminal to view its properties:

EDU>> handles ncorr = ncorr
handles_ncorr =
ncorr handle

Properties:
handles_gui: [1x1 struct]
reference: [0x0 struct]
current: [0x0 struct]
—data dici [1x1 struct]
support_openmp: 1
total_cores: 4

M=thods, Events, Superclasses

Lastly, | suggest following the user guide and trying all Ncorr options with example images to ensure
everything is working properly.
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2.1 - Program Flow

For the general DIC section, | am using the “plate hole” sample from SEM’s DIC challenge. The formatted
images, along with a ROI, are available off the Ncorr website if the user would like to follow along:

http://ncorr.com/download/samplel2.zip

At this point, it is assumed Ncorr has been successfully compiled and installed on the user's computer.
The work flow of Ncorr is as follows:

1. Set Reference Image
Set Current Image(s)
Set Region of Interest (ROI)
e  Dependencies: Requires reference image or current image(s) to be set first
4. Set DIC Parameters
e Dependencies: Requires reference image, current image(s), and ROl to be set first
5. DIC Analysis
e  Dependencies: Requires DIC parameters to be set first
6. Format Displacements
e Dependencies: Requires DIC Analysis to be run first
7. Calculate Strains
e Dependencies: Requires displacements to be formatted first.

Any of these steps can be altered at any stage, so long as the dependencies have been met. The state of
the program is visible at the top left corner of the main Ncorr GUI as shown below:

ST

File Region of Interest Analysis Plot

— Program State
Reference Image SET
Current Image(s) SET
Region of Interest ~ SET
DIC Parameters NOT SET
DIC Analysis NOT SET
Displacements NOT SET
Strains NOT SET

— Reference Image — Current Image(s)

— Region of Interest

Name: ohtcfrp_00 tif Name: ohtcfrp_11 tif P
Resolution: 400 x 1040 Resolution: 400 x 1040

This lets the user know which stage they are currently on and which should come next. The state is listed
in sequential order for convenience. In the example above, the state lets the user know that the
reference image, current image, and ROl are loaded and that setting the DIC parameters needs to
proceed next.
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2.2 - Setting the Reference Image

There are two ways to set the reference image. The first way is to use the Ncorr GUI by going to File >
Load Reference Image which results in the following:

B Select Image(s) (must be jp

Look in: | | sample12 j e ef Ev

~p
RecentPlaces
Desktop

ohtcfrp_00.tif ohtcfrp_01.tif ohtcfrp_02.tif ohtcfrp_03.tif

Wl
Libraries

Computer
@
Network

ohtcfrp_04.tif ohtcfrp_05.tif ohtcfrp_06.tif ohtcfrp_07.tif

File name: ]ohtcfrp_DO.tif LI Open I
Files oftype: ]Image files (jpg.tif.png..omp) L, Cancel ’

Al

NOTE: The reference image means the initial or first image you take of the sample, before any deformation occurs.

The other way to load a reference image is to do it through the MATLAB terminal. You can set the
reference image by typing "handles_ncorr.set_ref(data)," where "data" is a 2D matrix (of type double,
uint16, or uint8) containing image grayscale values, as shown below:

Workspace il B

EDU>> handles ncorr.set_ref(data); E m @l h % ‘ - | Base ¥
fx EDU>>

Name .. Min  Max

data i d 255
e handles_ncorr

The reason for this feature is because sometimes the reference image is obtained through a series of
images which are averaged together or processed in some way. If this is the case, the reference image
will be stored as an array in the base workspace, and it's much more convenient to load it directly than

to save it as an image, which can also lead to loss of data through image compression or binning of gray
scale values.

Lastly, when the reference image is loaded it should appear as shown below:



File Region of Interest Analysis Plot
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—Program State

- — Reference Imag

Reference Image
Current Image(s)
Region of Interest
DIC Parameters
DIC Analysis
Displacements
Strains

SET

NOT SET
NOT SET
NOT SET
NOT SET
NOT SET
NOT SET

— Region of Interest

Name: ohtcfrp_00 tif
Resolution: 400 x 1040

— Current Image(s)

Name:

Resolution:
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2.3 - Setting the Current Image(s)

First of all, one of the main differences between setting the current image(s) vs the reference image is
that more than one image may be loaded for the current (deformed) configuration. Because of this, the
program needs a way to order the current image(s) if more than one is loaded. To accomplish this, the
images must have the name format shown below:

name_#.ext

Where "name" is the name of the image set, "#" is a number associated with the image, and "ext" is the
image extension, which must either be .jpg, .tif, .png, or .omp (an example would be “sample_15.png”).
Note that this naming convention is only required if more than one current image is loaded through the
GUL.

Setting the current image(s) through the GUI also differs from the reference image, in that there are two
different loading schemes, “Load All” and “Load Lazy,” which are shown by going to File > Load Current
Image(s).

B <Student Version> :

Region of Interest Analysis Plot

Load Reference Image | Reference Image

Load Current Image(s) * Load All (memory heavy)

Load Data Load Lazy (slower but less memory)
Save Data s
Clear Data
Set Handle
Reinstall
Exit
! I

“Load all” will store all the images into the workspace. If you are analyzing a large number of images,
this will be problematic since it may result in running out of RAM space. However, when using lazy
loading, only the name and path of the images are stored; the images are loaded based on their stored
location “on demand.” This means that, when doing analysis in Ncorr using lazy loaded images, the user
must make sure not to move the images into a different directory or alter them. Furthermore, since they
are loaded on demand and then discarded afterward, this means some of the analyses may proceed a
little slower. But, from my experience, the difference is not that noticeable. When in doubt, use lazy
loading.

When loading through the GUI (for both “load all” and “lazy load”), the following window should
appear:
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B select Image(s) (must e §

Lookin: | | samplel12 ﬂ - ek Edv

“
RecentPlaces
Desktop

= ohtcfrp_04.tif ohtcfrp_05.tif ohtcfrp_06.tif | ohtcfrp_07.tif

lw ;‘ J
Libraries

Computer
@
Network

ohtcfrp_08.tif ohtcfrp_09.tif ohtcfrp_10.tif ohtcfrp_11.tif =

File name: il"ohlcfrp_1 1.4if" "ohtcfrp_071.tif" "ohtcfrp_02.tif" "ohtcfrp LII | Open |

Files of type: ]Image files (jpg. tif.png..bmp) L] Cancel
/

NOTE: Take note of the naming convention above. All of the current images follow the "name_#.ext" format, where name =

"ohtcfrp" and ext = "tif".

Simply drag and select all the current images you want to process. For this example, the images with a
post-fix of “01” to “11” are selected).

Similar to the reference image, there is also an option to set the current image(s) directly through the
Ncorr handle. To do this, you can type "handles_ncorr.set_cur(data)" through the MATLAB terminal, as

shown below:

<Student Version> Command Window > 0 2 x| Workspace » 02 x|
f{ EDU>> handles_ncorr.set_cur(data) » E {El Eﬂ % ‘ z Base «
Name = .. Min  Max
data o & 255

© handles_ncorr

In the figure above, only a single current image is loaded, so it exists as a grayscale array of type double,
uint16, or uint8. To load more than one image, each current image gray scale array must be stored
together in a cell array. Furthermore, the ordering specified in the cell array is the order that Ncorr uses

to sort the images.

After the current images are uploaded, there are buttons on the bottom right of the Ncorr GUI which
become enabled and allow you to scroll through the images as shown below:



File Region of Interest Analysis Plot

— Program State

DIC Parameters
DIC Analysis
Displacements
Strains

Referen as
Current Image(s) SET
N

NOT SET
NOT SET
NOT SET
MNOT SET

— Region of Interest

— Reference Imag

Name: ohtcfrp_00.tif
Resolution: 400 x 1040

Setting the Current Image(s) - 2.3

— Current Image(s)

Name: ohtcfrp_11 tif

Resolution: 400 x 1040

The current images should be ordered properly according to their number, and the last image in the
sequence will appear initially by default. It's a good check to scroll through them to ensure the order is

correct.
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2.4 - Setting the Region of Interest

There are two ways to set the region of interest (ROI): through the GUI or through the MATLAB terminal.
The most important thing to note here is that the ROl should be an array of the same size as the
reference image or current image (this depends on which type of analysis is done, which is explained in
greater detail in later sections. For this example, the ROl is set with respect to the reference image).
Furthermore, white regions represent the ROI, and black regions are outside the ROI. It is also
recommended to leave a black border near the edges of the image, although the ROl used in this
example doesn’t, in order to illustrate a couple points.

Sample ROI

Load ROI: The first way to set the ROl is to load it from an image by going to: Region of Interest > Set
Reference ROl and then pressing the Load ROI button. This is the recommended way to set a ROI
because you can use a program like Photoshop to accurately trace an outline of the sample in order to
obtain the best ROI. The only problem with this method is that it can be tedious. Anyway, a GUIl should
appear as shown below:

:7' Select Image(s) (must be

Lookin: [} samplet2 ~]

Recem F'Iaces
Desktop

ohtcfrp_08.tif ohtcfrp_09.tif ohtcfrp_10.tif ohtcfrp_11.tif
L\branes

@

Network

Computer
°

roi tif -

File name: ]roi tif L‘ Open
ﬂ Cancel

Files of type: [image files (jpg. ff.png. bmp)

For the example used in this user guide, the ROl was set using this method.



Setting the Region of Interest - 2.4

Draw ROI: The second way to set the ROl is to draw the ROl directly in MATLAB by using Region of
Interest > Set Reference ROl and then pressing the Draw RO button. This is the preferred method for
preliminary analysis because it can be done quickly. An example ROl is shown below and was
constructed using "+ Poly" followed by "- Ellipse," where the "+" prefix indicates adding portions to the
ROI; "-" subtracts regions:

— Drawing Opti

Zoom/Pan
(

— Menu

Name: ohtcfrp_004it

NOTE: The green shapes represent regions which add to the ROI, red shapes represent regions that subtract from the ROI, and
blue shapes represent regions which are active (i.e clicked on)

To obtain better precision when drawing ROIls, you can zoom and pan the view. Zooming can be enabled
by clicking the zoom button once and disabled by clicking it again (or by clicking a different button, such
as adding a region or pressing the pan button). An example is shown below:

— Drawing Opti

Zoom/Pan

[C=s

Name: oftcfrp_D0.if
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MATLAB Terminal: Once again, similar to loading the reference and current image through the MATLAB
terminal, typing "handles_ncorr.set_roi_ref(data)" will set the ROI. Note that data must be of type
logical and be the same size as the reference image. An example is shown below:

SR

BICIEES workspace . mOoax
fx EDU>> handles_ncorr.set_roi_ref(data) B E @ h B ¥ Base ¥
lName A . Min  Max

data

[e handles_ncorr
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2.5 — Setting DIC Parameters

The DIC parameters can be set by going to Analysis > Set DIC Parameters. The main DIC algorithm used
in Ncorr is based off of Bing Pan's RG-DIC framework. RG-DIC is highly robust and computationally
efficient as well. More details can be found in Bing Pan's paper on RG-DIC as well as the "DIC
Algorithms" section on the ncorr.com website.

A GUI should appear as shown below:

— Subset Opti — Radius Previ

Subset Radius: 20 jSubast Focation: Zoomed in subset:

4 »
Subset Spacing: 3

il

— lterative Solver Options——

Diff Norm CiO: 1e-008
tteration # C/O: |50

— Multithreading Options——

Mum Threads: 4

— High Strain Analysis

D Enable Step Analysis

Seed Propagation v
Auto Propagation

Step #

Discontinuous Analysis—;
( ["] subset Truncation

—Meng———————————————

NOTE: A subset spacing of 3 is shown above to better illustrate the spaced points on the zoomed in subset, but for the example
analyzed in this section, a subset spacing of 1 was used to obtain higher resolution results.

There are several key components to this GUI. The first is obviously the menus on the left, but it is also
important to note that the subset preview is interactive. A green impoint (highlighted by a red square) is
placed in the axes labeled "Subset Location." This point is draggable and is the center point of the subset
shown on the right. The subset on the right gives an idea of what the subset spacing (space between the
two dots within the red squares) and subsets will appear like. It's important to note that these
highlighted points are where the subset locations will be, and not part of the speckle pattern in the
uploaded image.

Subset Options: These options are the main components of the DIC analysis. They dictate how large the
subsets should be and the spacing between them. The spacing component is purely for reducing
computational load. There are defaults for both options, but it's up to the user to select the most
optimal settings. The most important option to get correct is the subset radius. There is an abundance of
literature available for the selection of the subset size, as well as the effects of subset size on DIC
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analysis, but most of the conclusions from these studies are often based on heuristics and empirical
observations. Overall, the main idea is to select the smallest subset possible which does not result in
noisy displacement data (as larger subsets tend to have a smoothing effect). Some iteration may be
required to get this option right.

Iterative Solver Options: The iterative solver used in the DIC analysis is the inverse compositional image
alignment technique (A good paper on this topic is Baker et al and Bing Pan's paper on his adaptation for
this technique for DIC). The exit criteria for this iterative solver are the norm of the difference vector as
well as the number of iterations. The default options for the iterative solver are actually pretty strict, but
they can be relaxed if faster analysis is desired by reducing the iteration number cutoff as well as
increasing the norm of the difference vector cutoff.

Multithreading Options: Ncorr has the ability to use multithreading to speed up the computation
process. The default number of threads is the number of cores specified by the user during installation,
although | have left the option to alter this number again through this GUI.

High Strain Analysis: In the example used specifically in this section, high strain analysis is not required.
However, the high strain analysis works by updating the reference image (as well as the ROI) and then
“adding” displacement fields together. If you enable this parameter, there are two different ways the
updating can proceed: In the case of the “seed propagation” option, the reference image will be
updated based on the correlation coefficient and the number of iterations to convergence of the seeds.
If these exceed certain heuristic thresholds, then the reference image will be updated. For the “leap
frog” approach, the user can manually select how many images to use before updating the reference
image. For both options, if the “automatic propagation” checkbox is enabled, then the seeds will be
placed automatically for the updated reference image based on their previous displacements and the
DIC analysis will proceed automatically until completion. If this is unchecked, then the user will have to
replace the seeds manually every time the reference image is updated.

Discontinuous Analysis: For this example, discontinuous displacements are not anticipated, so this
feature isn’t used. Regardless, subset truncation is a feature that prevents subsets from wrapping
around a crack tip which can cause distortions near the cracktip. This feature is elaborated on in the
discontinuous displacements section.
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2.6 — DIC Analysis

The actual DIC analysis is performed by going to Analysis > Perform DIC Analysis in the main Ncorr GUI.
The first step is to select a region as shown below.

Select Region

This step involves selecting a contiguous region to process. In this example, only one region will be
processed (because only one is present), but it is possible to have more than one region when forming
the ROL. Press the "Select Region" button and place the impoint anywhere within the region to select it
for processing, as shown below:

— Region Options- - — Select Region
Region(s) Set: 0 of 1

Select Region

Name: ohtcfrp_00 tif

Seed Placement

The seed placement process serves three purposes: 1) it provides initial guesses for the RG-DIC analysis,
2) it partitions the ROI so that each partition can be calculated in parallel, and 3) in the case of the high
strain step analysis (with seed propagation selected), it updates the reference image based on certain
heuristic thresholds for the iterations to convergence and correlation coefficients of the seeds. Thus, the
placement of the seeds is very important. To satisfy the first requirement, seeds must be placed such
that they do not go outside the field of view (FOV) during deformation. For the second requirement,
seeds should be placed such that the ROl is partitioned evenly. For the third requirement, seeds should
be placed in regions of high deformation such that the reference image updates appropriately. The first
two points are addressed here, while the third is addressed in the high strain section.

An example of inappropriate vs appropriate seed placements for the example reference image is shown
below:
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— Select Regi

Seed(s) Set: 4 of 4

Set Seeds

—Meny——

Cancel

These seed positions are not
preferable because the regions aren't
evenly sized and they aren't nice
"full" shapes.

Name: ohtcfrp_00 it

— Seed Opti — Select Regi
Seed(s) Set: 4 0f 4

Set Seeds |

These seed placements are more
preferable because the regions are
evenly sized and have nice "full"
shapes.

Name: ohtcfrp_00.if

Seed Preview

After the seed placement is done, a preview will appear. It's import that the user checks the seeds
through this GUI because it's possible that the seeds can be processed incorrectly. The main reasons for
seeds being incorrect can be either through a failure in convergence (this rarely happens as long as there
are no large rotations or deformations present), or if the seeds travel outside the current image as the
sample deforms. An example for proper seed preview is shown below:
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7] <Student

Meny—————— — Reference — Current

Location of Reference Subset Approximate Location of Current Subset

Reference Subset Transformed Current Subset
# of Gauss Newton fterations: S
Morm of difference vector: 5.9967e-007
Correlation Coefficient: 0.0045757
Thread: 4 4
Name: ohtcfrp_00tif Name: ohtcfrp_11 tif 11

Notice that all the seed locations in the reference image seem to match appropriately with the locations
in the current image. Furthermore, the reference subset and transformed current subset look very
similar. Lastly, the number of iterations to convergence was way below the cutoff, and the relatively low
correlation coefficient both imply a good and correct seed placement.

Debugging

As mentioned before, it's possible for seeds to travel outside the image during deformation which
results in improper seed calculations. Because this is actually a somewhat common occurrence
(especially when the whole sample cannot be imaged within the field of view), an example is given
below with tips on how to catch this mistake and correct it:



<Student Version> : Set Seeds

= % |

—Seed O

— Select Reg

Seed(s) Set:4of 4

—Menu——

Name: ohtcfrp_001if
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Suppose for instance that the seeds are placed as shown above. It turns out that the sample in the

picture undergoes some translation upwards as it deforms. The seed highlighted in red actually goes

"out of the picture" in some of the current images. In this case, an error message will generally display

that notifies the user of a seed point with a high correlation coefficient value. This is an important

indicator of a seed that has possibly been processed incorrectly. You can confirm this by viewing the

seed preview below:

— Reference

— Current

Location of Reference Subset

Reference Subset

Name: ohtcfrp_00 tif

Approximate Location of Current Subset

Transformed Current Subset

I# of Gauss Newton tterations: 50 (Max) I
Morm of difference vector: 0.00050309

ICorrelaﬁon Coefficient: 1.1496 I
Thread: 1 < 1
Name: ohtefrp_11 tif 1 -
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All of the highlighted things in the figure above indicate potential problems. In the location pictures, it
becomes evident that the location of the top seed in the current image is completely off, whereas the
other three seeds are correct. Visual inspection of the enlarged reference and current subsets also show
that they look very different. Lastly, the maximum number of iterations (50 for this case) was used
before convergence was reached; this is typically another good indicator of an improperly calculated
seed. The solution here is to move the seed to a lower location or potentially redraw the ROl to exclude
the top region.

Anyway, after the seeds have been properly placed and calculated, the RG-DIC analysis will run until
completion. The next step in the process is to format the displacements.
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2.7 - Formatting Displacements

The displacement formatting begins by going to Analysis > Format Displacements in the main Ncorr GUI.
The resulting GUI for formatting the displacements should look like this:

| units Opti

Get Unit Conversion u. V-displacement:

Units/Pixel: 1

Urits: pixels

| Formatting Options

["] Maximin markers

Corr-Coef Cutoff: 1.9983
< »

AppivTo Al

— Lens Distortion Options——
Lens Coef: 0

Get Lens Coef

Zoom/Pan——————
(

— Menu

: ohtcfrn_00 fit
ohtcfro_114if

This is a good check to make sure OpenMP is working correctly. If OpenMP installed incorrectly and did
not result in a compiler error, the analysis may still run but will result in something that looks like this:

— Units Opti

Get Unit Conversion i V-displacement:

UnitsPixel 1

Units: pixels

— Formatting Options
[ Maximin markers

Corr-Coef Cutoff: 1.9012
4 »

Apply To All

~— Lens Distortion Options—

Lens Coef: (]

Zoom/Pan————

( —
— Menu.

Reference Name: ohtcfrp_0D.if

Current Name: ohtcfrp_11 tif

These results are obtained because only one thread (and thus one seed) was processed. If this happens,
go to File > Reinstall to recompile the MEX files. If problems persist, try to either install Ncorr manually,
or simply use single threaded performance.

Units Options: These options are used to convert the displacements from pixels to real units. You can
either input the value directly if you know it, or you can click the “Get Unit Conversion” button in order
to load an image with a known dimension. Most tests are done with a regular camera on a sample, so
the easiest way to take advantage of this feature is just to, after the experiment in complete, replace the
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sample with a ruler so you can measure what the unit conversion is. An example of the GUI is shown
below:

Units: mm

#0f Units: 10
Unisipixel: 0.031791

Name: oftcrp_00 it

For this sample set, I’'m actually not sure what the unit to pixel conversion is, so I've left the units as
pixels. But, just for the sake of an example, assume that the undeformed sample is 10 mm wide. You can
apply this knowledge by loading the reference image through “Load Calibration Image” and then setting
a line across the sample with “Set Line.” Lastly, the units (mm) and the number of units (10) can be set in
their appropriate boxes. Assuming the sample is 10mm wide, this will apply the correct conversion to
convert the displacements from pixels to mm (determined to be 0.031791 mm/pixel in this case). It’s
important to note that this assumes pixels are square, which is usually the case.

Formatting Options: These options help filter out “bad” data points. In the example done in this section,
some of the points in the ROI travel outside the FOV. These points can be filtered out by reducing the
correlation coefficient cutoff. In conjunction with this, the locations of the min and max displacement
values can assist in this analysis, as “bad” data points generally have very high or very low values. A good
cutoff for the example done in this guide is to set the correlation coefficient cutoff to 0.02 (which was
applied to all images), as shown below:

— Units Option:

Get Unit Conversion J V-displacement:

Units/Pixel 1

Units: pixels

— Formatting Options

[ Maximin markers

Corr-Coef Cutoff: !0.0200

<

Apply To Al

— Lens Distortion Options——

Lens Coef: 0

t Lens Coef

Zoom{Pan

(
— Menu

Reference Name: ohtcfrp_00 tif




Formatting Displacements - 2.7

Note that the preview above was zoomed in using the zoom/pan options. The filtering out of bad data
points is shown below:

Lens Distortion Options: This is an option to correct for errors involving radial lens distortion. The
distortion correction follows from eq.6 in “Systematic errors in two-dimensional digital image
correlation due to lens distortion.” The correction is applied assuming the distortion center is at the
center of the image; this might not always be true but is usually a reasonable assumption. If no
calibration tests have been done or you’re unsure what the lens coefficient is, then just leave it as 0.

As of now, a lens coefficient can only be applied. Bing Pan provides a method for determining the lens
coefficient, but | have yet to integrate this into Ncorr. The process basically requires DIC analysis to be
run on images taken during rigid body translation tests and then performing a simple least squares
analysis to solve for the lens distortion parameter. In future revisions of the program, | may implement
this feature.
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2.8 - Strain Analysis

The strain analysis begins by going to Analysis > Calculate Strains in the main Ncorr GUI. The strains are
calculated from the displacement data by using a least squares plane fit to a local group of data points
(in this case a contiguous circle) which is based on Bing Pan's work on strain calculation. The
displacement gradients are then found from the plane parameters; these gradients are used to calculate
Green-Lagrangian and Eulerian-Almansi strains. A more detailed description is given in the "DIC
Overview" section on the ncorr.com website.

Strain Options: The only parameter you can vary here is the strain radius. This is the radius of a circle
which selects a group of points to fit a plane to. A preview is provided so the user can visualize the plane
fitting. The selection of the ideal strain radius is similar to the selection of the ideal subset radius, in that
the smallest radius is desired which does not result in noisy strain data. The default radius is set to 15,
but it is up to the user to select the most optimal radius for their data.

— Strain Option

Strain Radius:

Y il —|

— View Options

Lagrangian 4

U-Displacement W)

— Discontinuous Analysis——

D Subset Truncation

Displacement - pixels

— Zoom/Pan

—Meny——

Reference Name: ohtcfrp_00 tif
Current Name: ohtcfrp_11 tif

The impoint highlighted in the red box is draggable, and updates the plane fit shown on the right side.
The recommended way to use this analysis is to drag the point to areas of high deformation and view if
the curve fit is still reasonable. An example of this is shown below:
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Lastly, the strain radius should be selected with regards to the last current image (which is shown first
by default), as this image will most likely have the highest displacement gradients.

View Options: These dropdown menus allow you to switch from the U-displacements to the V-
displacements and vice versa. They also allow you to switch from the Lagrangian to the Eulerian
perspective. By default, both Green-Lagrangian and Eulerian-Almansi strains are calculated.

Discontinuous Analysis: Just like for DIC, there is also an option to utilize subset truncation for the strain
calculations. This feature prevents subsets from wrapping around a crack tip which can cause
distortions near the cracktip. This feature is elaborated on in the discontinuous displacements section.
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2.9 - Plotting

At this point, it is assumed either the displacements have been formatted or the strains have been
calculated. Plotting can be achieved by going to Plot > View Displacement Plots or Plot > View Strain
Plots in the main Ncorr GUL. This is the last step of the analysis. An example of the plots used in the
examples in this user guide is shown below:

)

il - =1
File File
Local Plot Options Vedisplacements — Local Plot Opti — Eyy Green-La
[ contour ... 20 ContourpL.. [20 -3
2 2 x10
[RE— . 5 i marers
Transparency: 07500 Trensparency: 07500 12
‘ , <
[ [ ¢ 6 [ [ >
Upperbound: 47024 7 Upperboundt 00131 10
il ] | G A | i |
Lowerbound: (421076 . & 8 Lowerboundt (00011 8
‘ , <[ (—
. 9 5
_ Awyom ] e Y |
st ] -10 |

~View Options.

300 pixel - View Options. 300 pixel 2
Lagrangion - 19 Lagrangin - =
Reference Name: otcirp_00.tf | Reference Name: ohtcfrp_0Dif

_ Scalebar Options Current Name: oftcfro_11 fit

_ Scalebar Opions Current Name: oftcfrp_11 1if

Analysis type: regular Analysis type: regular
[¥] scalepar

RG-DIC Radlus: 20 | Subset Spacing: 1 V| Sceleta RG-DIC Radlus: 20 | Strain Radius: 5 | Subset Spacing: 1

Scale BarLen: (300,00 Diffnorm Cutoff: 16-008 | Reration Cutoff: 50 | Threads: 4 Scale Bar Len: (300,00 Diffnorm Cutoff: 1e-008 | Reration Cutof: 50 | Theats: 4
Step Analysis: Disabled Step Analysis: Disabled

Axes Options RG-DIC Subset Truncation: Disablet Axes Options RG-DIC Subset Truncation: Disabled | Strain Subset Truncation: Disabled

= S [ e e
Unitsfpixels: 1 pixelipixels Unitspivets: 1 pixelpixels

Zoom/Pan Correlation Coefficient Cutof. 0.0200 S amioon Correlation Coefficient Cutof: 0.0200
Racial Ler 0 Radol L 0 y

( 1 <]
([ zom ][] ‘ M -4 -3.3604 pixel | Min: -12.2138 pixel feea] [zom J[_pan ] ‘ M 0.0291 | Median: 0.0067 | Min: 00002 sl | 1

NOTE: From my experiences working with the plotting tool on different operating systems and versions of MATLAB, there
appear to be inconsistencies between versions with regards to the stacking order of objects (i.e. sometimes the scalebar/axes
appear behind the data if a contour plot is present), but | tried to optimize it for Windows on version R2012a. If the axes,
scalebar, and contour plot are disabled, the plot appears to work fine on all versions of MATLAB I've tested Ncorr on.

There are a couple basic features available, the first one being that the plot windows are resizable. They
are the only GUI windows in Ncorr that are resizable at the time of writing this manual. Furthermore, if
you hover your cursor over the data, a data cursor appears that informs you of the displacement or
strain data at that location, as shown below:

o -y
¥-pos: 163
y-pos: 317 | 10
V-disp: -7.5719 pixel
-1
-12

The “x-pos” and “y-pos” positions are the integer locations of the cursor with respect to the actual data
array. This was done for convenience so the user can access the value in the array very easily. For

example, in the figure above, the last V displacement plot is shown. You can access this point directly
using:

handles ncorr.data dic.displacements (11l).plot v_ref formatted(317,163)
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The resulting output of the terminal will be -7.5719, which matches the V displacement shown. The
index for the plot is the same that is shown between the “<” and “>” buttons on the bottom right of the
plotting GUI. For more information on the “data_dic” structure, please consult section 2.10.

Local Plot Options: These options are pretty self-explanatory. The only thing to note here is that these
options only affect the plot that is being adjusted (as opposed to other options which affect all open
plots). Furthermore, the transparency option is disabled when the contour plot is enabled. This is
because transparency does not work well with the contour plot. In general, the contour plot does not
work that well with strain plots because strain plots are generally noisier than displacement plots which
results in jagged contours.

View Options: Once again, these options are pretty self-explanatory. These allow you to switch between
Lagrangian and Eulerian perspectives. For strains, these will switch between Green-Lagrangian strains
and Eulerian-Almansi finite strains tensors. This option will affect all open data plots.

Scalebar Options: This affects the visibility and length of the scalebar (displayed in the bottom-left of
the plot). This option will affect all open data plots.

Axes Options: This option affects the visibility of the axes (displayed in the top-left of the plot). This
option will affect all open data plots.

Saving the Figure: A figure can be saved by going to File > Save Image > Save Image Without Info, File >
Save Image > Save Image With Info, or File > Save Gif within the plot window. This will allow you to save
nice figures for publications, websites, or any other purpose. In this guide, | will focus on saving images,
as the animated gif option is more useful for high strain calculation (which is discussed in the high strain
section). After selecting the save image option, a menu with a preview should appear as so:

rn <Student Version> : Save ...
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This will allow you to resize the image if you desire. Please note that if a large spacing parameter is used,
the image may look blurry if you upsize it because the image and data plot must be the same size when
plotting in MATLAB. The best solution for this would be to rerun the analysis with a smaller subset
spacing parameter. Also, | recommend saving the figure as a “.tif” because MATLAB appears to
compress other image formats which may lead to a loss of quality.
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2.10 - Directly Obtaining and Altering DIC Data

The DIC data can be accessed directly through "handles_ncorr.” For example, by typing
"handles_ncorr.data_dic" into the MATLAB terminal, you can access the data structure that contains the
strain and displacement data as shown below:

EDU>> handles_ncorr.data_dic
ans =

displacements: [1x1ll struct]
dispinfo: [1x1 struct]
strains: [1x1l1l struct]
straininfo: [1x1l struct]

Notice that both "dispinfo" and "straininfo" only have one element. This is because they contain
parameters which are consistent over the entire analysis. On the other hand, both "displacements" and
"strains" have eleven elements. This is because these fields contain information specific to each current
image. For the example used in this section, we have uploaded eleven current images, which correspond
to eleven elements seen above.

The size of the displacement/strain plots themselves depend on the image and the subset spacing
utilized. For the Lagrangian perspective, the size of the displacement/strain plots will be:

size(img_ref(1:1+subsetspacing:end,1:1+subsetspacing:end))

where "img_ref" is the 2D reference image grayscale array and "subsetspacing" is the subset spacing
parameter (where a value of 0 results in no reduction). For example, if a reference image of size
400x1040 and a subset spacing of 1 is used (as is done in the example in this manual), then the
Lagrangian displacement/strain plots will be 200x520.

The displacements with respect to the reference configuration (Lagrangian) are stored in the plots with
the " _ref" suffix. The "_cur" suffix is used for displacements with respect to the current configuration
(Eulerian).

Each field of "handles_ncorr.data_dic" will be explained in a table format as shown below:

handles_ncorr.data_dic.displacements

Field Explanation

plot_u_dic Plot containing U displacement data WRT the updated reference image (based on imgcorr)
after DIC analysis. This plot is used for computational purposes.

plot_v_dic Plot containing V displacement data WRT the updated reference image (based on imgcorr)
after DIC analysis. This plot is used for computational purposes.

plot_corrcoef_dic Plot containing correlation coefficient data WRT the updated reference image (based on
imgcorr) after DIC analysis.

roi_dic ROI corresponding to valid displacement data WRT the updated reference image (based
on imgcorr) after DIC analysis.
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plot_u_ref formatted

Plot containing U displacement data WRT the reference configuration after it has been
formatted. This plot is displayed in the plot figure. This plot is displayed in the plot figure.

plot_v_ref formatted

Plot containing V displacement data WRT the reference configuration after it has been
formatted. This plot is displayed in the plot figure.

roi_ref_formatted

ROI corresponding to formatted displacement data WRT the reference configuration

plot_u_cur_formatted

Plot containing U displacement data WRT the current configuration after it has been
formatted. This plot is displayed in the plot figure.

plot_v_cur_formatted

Plot containing V displacement data WRT the reference configuration after it has been
formatted. This plot is displayed in the plot figure.

roi_cur_formatted

ROI corresponding to formatted displacement data WRT the current configuration

handles_ncorr.data_dic.dispinfo

Field Explanation

type String representing whether “regular” or “backward” analysis was done; this value can
either be 'regular' or 'backward’

radius Integer representing the subset radius

spacing Integer representing the subset spacing

cutoff_diffnorm

Number representing the cutoff for the norm of the difference vector in the inverse
compositional method

cutoff_iteration

Integer representing the cutoff for the maximum number of iterations allowed for the
inverse compositional method

total_threads

Integer representing the total number of threads specified during the RG-DIC parameter
specification stage (can be different than the number of cores specified during installation)

stepanalysis

Structure containing data for the step analysis. The fields “enabled,” "type,” “auto,” and
“step” represent if the step analysis is enabled, whether seed propagation or leapfrog is
used, whether seeds will automatically get placed at each step, and the step parameter for
the leapfrog analysis, respectively.

subsettrunc Logical parameter specifying if subset truncation was used for the RG-DIC analysis.

imgcorr Structure containing the image correspondences for the step analysis. For each element,
there is an “idx_ref” and “idx_cur.” The idx’s are zero based and assume the reference and
current images are concatenated. idx_ref is the index for the updated reference image
whereas idx_cur is the index of the last current image WRT this reference image.

pixtounits Number representing the conversion between pixels to real units. In the form of
units/pixels.

units String containing the units

cutoff_corrcoef

Number representing the minimum correlation coefficient value allowable for
displacement datapoints corresponding to a dataplot.

lenscoef

Number representing the radial lens distortion coefficient

handles_ncorr.data_dic.strains

Field

Explanation

plot_exx_ref_formatted

Plot containing the Exx Green-Lagrangian strains (WRT the reference image). This plot is
displayed in the plot figure.

plot_exy_ref_formatted

Plot containing the Exy Green-Lagrangian strains (WRT the reference image). This plot is
displayed in the plot figure.

plot_eyy_ref_formatted

Plot containing the Eyy Green-Lagrangian strains (WRT the reference image). This plot is
displayed in the plot figure.

roi_ref_formatted

ROI containing information for valid points after strain calculation (It's possible for some
points to be removed during strain calculation for regions that do not have enough points
to form a plane fit)
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plot_exx_cur_formatted

Plot containing the Exx Eulerian-Almansi strains (WRT the current image). This plot is
displayed in the plot figure.

plot_exy_cur_formatted

Plot containing the Exy Eulerian-Almansi strains (WRT the current image). This plot is
displayed in the plot figure.

plot_eyy_cur_formatted

Plot containing the Eyy Eulerian-Almansi strains (WRT the current image). This plot is
displayed in the plot figure.

roi_cur_formatted

ROI containing information for valid points after strain calculation (It's possible for some
points to be removed during strain calculation for regions that do not have enough points
to form a plane fit)

handles_ncorr.data_dic.straininfo

Field Explanation
radius Integer representing the strain radius
subsettrunc Logical parameter specifying if subset truncation was used for the strain analysis.

Lastly, any information that the user wants to alter should be copied first to another variable in the main
workspace. By default, the properties of Ncorr are set to "(SetAccess = private)" to prevent inadvertent
alteration of data. If the user wants to alter the data directly, then the user can go into the ncorr.m

source code and change "(SetAccess = private)" to "(Access = public)" to alter these properties directly

as shown below:

113
114
115

117
118
118
120
121
122
123
124
125

properties | (SetAccess = private)|

% GUI handles:
handles_gui;

% DIC data:
reference;
current;
data_dic;

% Installation data:
Support_openmp;
total cores;

It may be possible to crash Ncorr by setting inconsistent data and thus caution is advised if going this

route.




3.1 - High Strain DIC Analysis

High Strain DIC Analysis - 3.1

For this section, it is assumed the program has already been installed and the user has already read the
General DIC section. The images used for this section (the “weld” sample from SEM’s DIC challenge) are
available off the Ncorr website if the user would like to follow along:

http://ncorr.com/download/samplel3.zip

Start by setting the reference image to the first image (post fix of “000”) of the set. Next, load the
current images by using “Lazy Load” (or potentially “Load All” if your computer has a lot of RAM) and
selecting all the images from postfix of “020” until the postfix of “910” (note that at “915” the sample
has failed- so omit this picture) as the current images. Lastly, set the reference ROI to the ROI provided
in the image set (named “roi.tif”). If successful, the GUI should appear as below:

File Region of Interest Analysis Plot

— Program State
Reference Image
Current Image(s)
Region of Interest
DIC Parameters
DIC Analysis
Displacements
Strains

SET
SET
SET
NOT SET
NOT SET
NOT SET
NOT SET

— Region of Interest

— Reference Imag

MName: pw-Omil-p2-n14_000 tif
Resolution: 1040 x 1392

— Current Image(s)

Name: pw-Omil-p2-n14_9104if
Resolution: 1040 x 1392

[(<][ 4

Now, if the user simply proceeds as is done in the general DIC section, he/she will find that the seeds for
the latter images will always be incorrect for the latter images. This is because this sample undergoes
very high deformation. The underlying problem here is that the pattern between the reference image
and the last current image changes so much that the matching algorithm no longer works. This type of
sample requires the reference image to be updated. To account for this, the high strain step analysis
needs to be enabled when setting the DIC parameters; this is discussed in the next paragraph.

For high strain DIC, it's recommended to set the type of step analysis to “seed propagation” with the
“automatic propagation” checkbox enabled, as shown below:
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— Subset Options — Radius Previe
Subset Location: Zoomed in subset:

Subset Radius: 35
4

Subset Spacing:|
4

— lterative Solver Options——

Diff Norm C/O:  § 0.001
tteration # C/O: § 20

— Multithreading Options ——
MNum Threads: 2

—High Strain Analysis
E/J Enable Step Analysis

Seed Propagation

:z Auto Propagation

Step #:

— Discontinuous Analysis—

[] subset Truncation

—Meny——
Name: pw-Omil-p2-n1 4_000 4if

There are a couple things to note here. First of all, there are a large number of images involved in this
analysis, so performance issues will be a concern. To increase the speed of the analysis, I've elected to
increase the subset spacing to 6. Furthermore, the norm of the difference vector has been increased to
107 and the iteration cutoff has been reduced to 20. This will reduce the number of material points to
analyze and also make the conditions on the iterative solver more relaxed. The effects of doing these
three things will be a lowered resolution in the acquired displacement field, and a slightly reduced
accuracy as well. If time permits, then the spacing, norm of difference vector, and iteration cutoff can be
left to their default values.

In addition, the high strain analysis has been set with the seed propagation and automatic propagation
parameters enabled. This allows the program to automatically update the reference image, as well as to
automatically place seeds so the analysis can proceed in an automated fashion until completion. If
“leapfrog” is selected, then the reference image will update according to whatever step number is
provided. Lastly, if auto propagation is disabled, then the user will have to manually place the seeds
every time the reference image is updated. This can be quite tedious, but also ensures the seeds are
correct, so this option should only be disabled if you want to ensure completely that the seed
placements are correct.

The next crucial step is the seed placements. Recall from the general DIC analysis that there are two
main considerations for seed placement for the regular DIC analysis. First of all, they need to be placed
on a material point that does not exit the FOV as the sample deforms. Next, they need to be placed such
that the regions are more or less evenly portioned so they can be calculated nicely in parallel. For high
strain analysis with seed propagation, there’s another consideration: since the reference image is
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updated based on the correlation coefficient and number of iterations to convergence of the seed
points, they need to be placed in a region of high deformation, so that the reference image updates
correctly. If you examine the last current image in the example set, you'll see that the region of highest

deformation is near the region circled below:

Last Current Image Reference Image

Basically, from inspection of the last current image (shown on the left), you can assume the highest
deformation occurs approximately in the region encircled by the red ellipse (where the crack initiates). It
would be ideal to place the seed points on the reference image corresponding to this region so that the
reference image updates properly. With this in mind, the seeds are placed as so:

— Seed Options———— — Select Region
Seed(s) Set: 20f 2

Set Seeds

— Meny—m————————

Name: pyy-Omil-p2-n14_000 tif

These seed locations (shown in the red boxes) satisfy the three requirements explained previously.

Clicking finish yields the following seed preview screen:



Menu

Cancel

— Reference

— Current
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— S

Location of Reference Subset

Reference Subset

Name: pyv-Omil-p2-n4_000 tif

Approximate Location of Current Subset

Transformed Current Subset

# of Gauss Newton fterations: 9

MNorm of difference vector: 0.00085649
Correlation Coefficient: 0.20497
Threadt 2 2

Name: pw-Omil-p2-n14_180 tif a

The most important thing to note here is that the last image seeded is not the last image of the series.
The image with postfix “180” was determined to be the last properly seeded image of the series (Note
that this can vary; it’s possible the image can be a couple before or after this one depending on the seed
placement). This image will serve as the updated reference image until it is updated again. Click finish to
proceed with the analysis. It should continue until completion.

Before continuing, I'd like to explain what exactly is going on “under the hood.” Basically, every time the
reference image gets updated, the seeds are automatically “propagated” and placed as the analysis
proceeds. Additionally, the ROl is also updated based on the displacements on the boundary of the ROI.
For this example, the updated thread diagrams with seed placements are shown below:



High Strain DIC Analysis - 3.1

Update 1 Update;2 Update'3 Update 4

imgcorr(2).idx_ref:9 imgcorr(3)tidx¥ref:i18 imgcorr(4)'idx¥ref325 imgcorr(

imgcorr(2).idx_cur: 18 imgcorr(3).idx_cur: 25 imgcorr(4).idx_cur: 43 imgcorr(S).idx:—cur: L]

For this particular example, there were four updates. The ROIs and seed positions (shown as red circles)
are automatically updated and then subsequently processed. The corresponding “imgcorr” structures
are also superimposed as an example for how this structure works.

From here, the only problem is that the displacement fields are now going to be with respect to the
updated reference images. The next step is to somehow “add” them in order to bring them all back to
the Lagrangian perspective (i.e with respect to the original reference image). This step is taken care of
when the displacements are formatted. The formatting displacements GUI should look similar to the one
shown below:

2 <Studer
— Units Option: — Previey

Get Unit Conversion U-displacement -displacement:
— Menu

UnitsiPixel. 1 D

Name: pw-0mil-p2-n14_860 tif
Cancel Current Name: pw-Omil-p2-n14_910 tif #

Units: pixels

— Formatting Options

|| Max/min markers
Corr-Coef Cutoff: |1.9831
4 il
Apply To All

— Lens Distortion Options—

Lens Coef: o

— Zoom/Pan

‘ Zoom

A couple things to note here: first of all, near the top of some of the displacement fields, the data
appears to be very poor. This is because these material points travel outside the FOV as the sample
deforms, so these points need to be removed. Furthermore, a crack develops in the sample. This means
points near this crack are also poorly analyzed, so they should be removed as well. It appears that
setting a correlation coefficient cutoff of 1.0 yield good results:
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— Units Options—— — Preview.

Get Unit Conversion U-displacement: V-displacement:

Units/Pixel: 1

Units: pixels

— Formatting Options

D Max/min markers

Corr-Coef Cutoff.§ 11.0000
4 .

Apply To Al

— Lens Distortion Options —
Lens Coef: 0

Get Lens Coef

— Zoom/Pan

Zoom

— Menu

Name: pw-Omil-p2-n1 4_860.tif

Cancel Current Name: pw-Omil-p2-n14_910 tif

One last thing to point out is that the reference name shown above (near the bottom left) refers to the
updated reference image.

The last step of the analysis is to calculate the strains. A strain radius of 7 appears to give good results as
shown below:

)

— Strain Options — Previ

Strain Radius:

[ [T 7 ]

— View Options

w
o

Lagrangian v

U-Displacement .4

(]
o

— Discontinuous Analysis——

o
o

D Subset Truncation

(=)

— Zoom/Pan———————

. 600

— Menu 650 500

600 400
Reference Name: py-Omil-p2-n14_000 tif
| = < 49
Current Name: pw-Omil-p2-n14_910 tif

Displacement - pixels

~
[&)]
o

In terms of plotting, the only distinction to really make between high strain and regular DIC analysis is
that the user might want to consider saving an animated gif instead of regular pictures since so many
data plots are available. In this particular case, the Eulerian perspective makes for especially good
animations. Furthermore, it’s usually appropriate to set the same upperbound and lowerbounds for
strain in all the plots.



First, a plot for Eyy is shown below:

File

D Contour PI... 20

D Max/min markers
Transparency: 0.7500

T — -
Upperbound: 0.3438

Yl w—

Lowerbound: 0.2754

< »
Apply to All
Reset Defaults

— Local Plot Options ———

— View Options

Eulerian

— Scalebar Options
@ Scalebar
Scale Bar Len:  750.00

— Axes Options
@Axes

— Zoom/Pan

Zoom

High Strain DIC Analysis - 3.1

— Eyy Eulerian-Almansi

780 pixels

Reference Name: pw-0Omil-p2-n14_000 tif

Current Name: pw-0Omil-p2-n14_910 tif

Analysis type: regular

RG-DIC Radius: 35 | Strain Radius: 7 | Subset Spacing: 6
Diffnorm Cutoff: 0.001 | teration Cutoff: 15 | Threads: 2
Step Analysis: Enabled | Type: Seed Propagation

RG-DIC Subset Truncation: Disabled | Strain Subset Truncation: Disabled
Image Correspondences: [0 9] [3 18] [18 25] [25 43] (43 49]
Unitsipixels: 1 pixelshixels

Correlation Coefficient Cutaff: 1.0000

Radial Lens Distortion Coefficiert: 0

Max: 0.3454 | Median: 0.3116 | Min: 0.2694

In order to set all the bounds for the strains the same, it’s necessary to set them such that the bounds
accommodate all plots. For this example, the lowerbound must be set near zero as shown below:

File

[ contour p1... [20
B Max/min markers

Transparency:  0.7500

Apply to All
Reset Defaults

— Local Plot Options———

— Wiew Options

Eulerian

— Scalebar Options
’z: Scalebar
Scale Bar Len:  750.00

— Axes Options
EAxes

— Zoom/Pan

— Eyy Eulerian-Al

780 pixzels

Reference Name: pw-Omil-p2-n14_000 tif

Current Name: pw-0mil-p2-n14_910 tif

Analysis type: regular

RG-DIC Radius: 35 | Strain Radius: 7 | Subset Spacing: 6
Diffnorm Cutoff: 0.001 | keration Cutoff: 15 | Threads: 2
Step Analysis: Enabled | Type: Seed Propagation

RG-DIC Subset Truncation: Disabled | Strain Subset Truncation: Disabled
Image Correspondences: [0 9] [3 18] [18 25] [25 43] [43 49]
Unitsspixels: 1 pixelsipixels

Correlation Coefficient Cutoff: 1.0000

Radial Lens Distortion Coefficient: 0

Max: 0.3454 | Mediian: 0.3116 | Min: 0.2694
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If this lowerbound is set any higher, it might result in an earlier plot becoming completely saturated. If
you do this, an error message will appear. Furthermore, | tend to add or subtract 0.0005 from the
bounds to guarantee the tick marks appear on the top and bottom of the colorbar as well, as shown

Ill

above. Anyway, after hitting “applying to all”, select File > Save GIF which will bring up the following

GUI:
‘ N
<Student Version>... = | 2%
- N
— | 2%
Time Delay: 0.04
Wictth: 148
Height: 198

Finish

780 pixels

Notice that, in addition to the size, you can also modify the time delay between animation frames. From
my experience, a time delay of 0.04 (25 fps) seems to work well for this data set, but the user can always
opt to increase it in order to slow the animation down and vice-versa.
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4.1 - Discontinuous Displacements DIC Analysis

For this section, it is assumed the program has already been installed and the user has already read the
General DIC section. The images used for this section (called the “cracked sample”) are available off the
Ncorr website if the user would like to follow along:

http://ncorr.com/download/cracksample.zip

For this analysis, images from my lab are going to be used. Furthermore, to demonstrate some of the
features of Ncorr, they will be loaded through the Ncorr handle instead of the GUI. The images were
taken from a high resolution CCD camera and are thus quite large. To account for this, I’'ve decided to
read them through a script and then downsize them before loading them into Ncorr. The script is
included with the images but is also show below:

%% Open Ncorr
handles_ncorr = ncorr;

% Set Parameters

o
S

o
S

Load Ref
ref = imread('ref.TIF'");
ref = imresize(ref, 0.5, '"bicubic', '"Antialiasing', true);

% Load Cur

cur = imread('cur.TIF'");

cur = imresize(cur,0.5, 'bicubic', 'Antialiasing', true);
% Load ROI

roi = rgb2gray(imread('roi half.TIF'"));

roi = roi > 5;

% Set Data

handles ncorr.set ref (ref);
handles ncorr.set cur (cur);
handles ncorr.set roi cur(roi);

The GUI should appear as so if everything went correctly:

File Region of Interest Analysis Plot

— Program State——— — Reference Imag — Current Image(s)

Reference Image SET
Current Image(s) SET
Region of Interest ~ SET
DIC Parameters NOT SET
DIC Analysis NOT SET
Displacements NOT SET
Strains NOT SET

— Region of Interest

Name: reference Name: current_1
Resolution: 1676 x 1266 Resolution: 1676 x 1266
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The important thing to note is that the ROl was set with respect to the current image (i.e. it uses
“handles_ncorr.set_roi_cur(data)”). This is the key point to how Ncorr handles discontinuous
displacement fields. The idea is that the discontinuities are clearly visible in the current configuration.
The general process is that the ROl and DIC analysis proceed with respect to the current configuration,
and then an Eulerian to Lagrangian algorithm converts the displacements back to the reference
configuration. The ROl was traced around the crack in Photoshop; a close up of the ROl superimposed
on the current image is shown below:

B <student —al x|

— Subset Options——— — Radius Previ
Subset Radius: 45 Subset Location: Zoomed in subset:
£ 0B
Subset Spacing: 3
oo n

— Iterative Solver Options——
Diff Norm CiO:  1e-008
fteration # C/O: 50

— Multithreading Options——
MNum Threads: 4

— High Strain Analysis

[ ] enable Step Analysis

L9

Seed Propagation v
Auto Propagation

Step & 5

— Discontinuous Analysis——
[V] subset Truncation

—Meny——
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The one thing to note in particular is that subset truncation is enabled. This prevents wrap around of
subsets around the crack tip. This is demonstrated below:

-
Ex oagm o« = s o= oam

This is useful because the shape functions are linear, whereas the deformation near the crack tip is
highly nonlinear. This helps prevent some distortions in the displacement fields which will be shown at
the end of this section. Anyway, the seeds are placed as so:

— Seed Options———— — Select Region
Seed(s) Set: 0of 4

— Menu

Finish

Cancel

Name: current_1

After the analysis is complete, the displacement formatting does not need any special considerations.
Just accept the defaults as shown below:



Discontinuous Displacements DIC Analysis - 4.1

— Units Opti

P
Get Unit Conversion i V-dlisplacement

UnitsPixel: 1

Units: pixels

— Formatting Options

[ Maximin markers

Corr-Coef Cutoff: 0.2263
“ »

Apply T

— Lens Distortion Options—
Lens Coef. 0

Get Lens Coef

Zoom/Pan,

(mm

— Menu.

Reference Name: current_1
Current Name: reference.

For the strain analysis, make sure to also utilize subset truncation:

— Strain Option:

Strain Radius: 12
«

5]
=
o

— View Options

Lagrangian

[
(=3

U-Displacement

Discontinugus Analysis
( Subset Truncation
ZoomPan—————

==

Meny—

Displacement - pixels

Reference Name: reference
Cancel

Current Name: current_1

After everything is complete, the displacement and strain plots should appear as shown below (only the
V displacement and E,, strains are shown below since the sample is loaded in the y direction):

File File

—Local Plot Opti —Local Plot Opti —Eyy Green-L.
[T contour pr... [20 [ contour .. [20
[] Maximin markcers 5 [ Maximin markers

Transparency:  0.7500 SIS Transparency: 07500
T ; :
Upperbound: 581917 R Upperbound: 0.0130
— . >
Lowerbound: 435683 ‘ b Lowerbound: | -0.0005
Apply to All Apply to Al
s =

View Options.

— View Options—————— 1257 pixels =i 1257 pixels
| Reference Name: reference z Reference Name: reference

— Scalebar Options ChEAL AT ] — Scalebar Options. e
Analysis type: backward Analysis type: backward
V] scatenar RG-DIC Redlus: 45 | Subset Spacing: 3 V] scatenar RG-DIC Radius: 45 | Strain Radius: 12 | Subset Spacing: 3
Scole Bar Len: (125700 Diffnorm Cuto: 1.-008 | Reration Cuto: 50 | Threats: 4 Scale Bar Len: (125700 Diffnorm Cutoft: 16.006 | Reration Cutof: 50 | Threads: 4
Step Analysis: Disabled Step Analysis: Disablect
I,Axgs Options————— | RG-DIC Subset Truncation: Enabled Axes Options | RG-DIC Subset Truncation: Enabled | Strain Subset Truncation: Enablec

Flass Image Correspondences: [1 0] Flases e oot
Untsipixels: 1 pixelsipixels Unitsipivels: 1 pixels pixels

 ZoomPan Correlaton Coefficient Cutoff: 0.2263 Zoor/Pan Correlation Coefiient Cutoff: 0.2263
Ractel L

Racial Ler i i o to
ﬂ zoom ] (pen 1‘ Vo 505571 pels | Mo 431167 pscs (MLP-_I‘ M 00184 edir: 00033 M 00011
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I've taken the liberty of also performing the same analysis without subset truncation. Comparisons are
shown below between the zoomed-in V displacement fields (top row) and E,, Lagrangian strain fields
(bottom row) near the crack tip, which demonstrate the benefits of using subset truncation:

N

E— 5 N
V- Displace}ent V- Displac%ent

With Subset truncation Without Subset truncation

\ / f
Eyy - Straiﬁl Evlly - Stré/in

With Subset truncation Without Subset truncation
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Debugging MEX Files - 5.1

This section is available for those that would like to debug the actual MEX files called by Ncorr. For
example, if you are interested in examining the hessian matrix during the inverse composition Gauss
Newton iterations, it would require you to debug the ncorr_alg_rgdic.cpp file. In this example, the Visual
C++ 2008 IDE is used to debug this file.

The first step is to recompile the MEX file with the “-g” flag to enable debugging. For this example, we
won’t be using multithreading since this making debugging easier. Type the following into the Matlab

terminal:

EDU>> mex ncorr_alg rgdic.cpp standard datatypes.ob] ncorr datatypes.obj ncorr lib.obj

To ensure a debug version was successfully compiled, there should be a corresponding “.pdb” file in the

directory:

ﬂ ncorr_alg_seedanalysis.m

[sL' ncorr_alg_rgdicmexw32.pdb

€ ncorr_alg_rgdic.mexw32

Next, open the .cpp file in Visual Studio and attach the debugger to MATLAB.exe:

File Edit View | Debug | Tools Window Help

S RAEE R A |
(0 R B A
[ Solution Ex.. v &

| Windows

Start Debugging

Start Without Debugging

FS

Ctrl+F5

4l

=

Attach to Process...

vx

v

[3 Solution 'Soluti

Exceptions...

Step Into

Step Over

Toggle Breakpoint
New Breakpoint

Delete All Breakpoints

Ctrl+Alt+E

v

ilates the

F11 threaded,
F10

F9

Ctrl+Shift+F9

TR

o:| #include
9 | #include
0! | #include
#include
#include
#include

el el
W N B C

<ITst>

<exception>

<complex>

"standard datatypes.h"
"ncorr datatypes.h"
"ncorr lib.h"

| 11

&isplacement fields using —
make sure all functions ce-

// Allow exceptions bec:

-
=

Output
Show output from:

¥y

&3 %3

>
vllxl!

=3 Code Definition Window (33Call Browser|=] Output‘

Ready

lnl Coll

INS
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Transport:

Qualifier:

Transport Information
Select a local process to debug.

Attach to: Automatic: Native code

Available Processes

Pracess. D Title Type User Name Session  “
MATLAB.exe 6836 <Student Version> MATLAB 7.8.0 (R2009a) x86
mspdbsrv.exe 2760 X86

msseces.exe 3716 x64
nvtray.exe 4856 x64
pceed.exe 4360 x64
Photoshop.exe 5560 Adobe Photoshop x86
RapidStartConfig.exe 5004 x86
RAVBg64.exe 3576 x64
RAVBg64.exe 3532 x64
RtkNGUI64.exe 3476 x64
rundli32.exe 5936 x86

[ Show processes from all users [] Show processes in all sessions Refresh

-

Now, set a breakpoint within the IDE and run the some analysis in Ncorr. In this example, we are placing
a breakpoint right after the hessian has been calculated as shown below:

File Edit View Debug Tools Window Help
AnRdEN 1" 1 IR TGRSR A=Y d - )
pomma|EEE i@ -0 DR FE=Z2003683865

: Process: v | Thread: v| ¥ | ¥ |Stack Frame: =
| [T | s

r ’/hcorr_alg_rgdic.cpp‘ v X

(Unknown Scope) v v

771 hessian_gn_buffer[nu.m_thread] [32] = hessian_gn_buffer[num_thread]

2 hessian_gn__buffer[num__thread] [33] hessian_gn__buffer[num__thread] =
hessian_gn buffer[num_ thread] [34] hessian_gn_buffer[num thread]

// solve for new parameters via cholesky decomp (from Golub and V:
// Lower triangle of Hessian overwritten with parameters used in (
// If one of the diagonals is close to zero or negative, then the
// hessian is not positive definite

bool positivedef = true;

cholesky (hessian gn_buffer[num thread],positivedef,6);

if (positivedef) {
// Start iterations - For first iteration use defvector_ init
double diffnorm;

AR R |
®

@

OUT outstate_newton = newton (defvector,corrcoef, diffnorm,de fvs‘g

1
=)

9~

// Initialize counter

int counter = 1;

while (outstate newton == SUCCESS && diffnorm >= cutoff diffnc
// For rest of iterations use defvector from previous itei_

@ @

S R

o

>

Ln781 Col 17 Ch1l INS
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After the analysis is run, the process will stop at the break point. The next step is to open a watch for the

variables in the current scope:

File Edit View
IR AR A
S h ouom @]
 Process: [6836] M

“ncorr_alg_rgdic.c

'ﬁe Region of Interest Analysis Plot

7(Unknown Scope)

— Program Stat:

gry

_ Ref 1

Reference Image
Currert Image(s)
Region of Interest
DIC Parameters
DIC Analysis
Displacements
Strains

SET
SET
SET
SET
NOT SET
NOT SET
NOT SET

— Region of Interest

9

|

Name: ohtcrn_D0.tif
Resolution: 400 x 1040

<

|
J s W

b O 0 MM MDD Do

-

o0 ™

Tools Window Help

Windows » | @ Breakpoints Alt+F9 ;
Continue 5 El | output =
Break All Ctrl+Alt+Break Watch » ¥
Stop Debugging Shift+F5 Autos Ctri+Alt+V, A
Detach All Locals Alt+4
Restart Ctrl+Shift+F5 =1 | Immediate Ctrl+Alt+1

Apply Code Changes Alt+F10 “S_\, Call Stack Alt+7

Attach to Process.. 12} | Threads Ctri+Alt+H
Exceptions.. Ctri+Alt+E [&] | Modules Ctrl+Alt+U

Step Into F11 [ | Processes Ctrl+Shift+Alt+P

Step Over F10 Memory >
Step Out Shift+F11 @ Di ly Alt+8
QuickWatch... Ctrl+Alt+Q lox] | Registers Alt+5
Toggle Breakpoint F9 -

New Breakpoint >

Delete All Breakpoints  Ctrl+Shift+F9 | first iteration use defvec
RisableBreaknoiis on (defvector, corrcoef, diﬁ‘g‘

// Initialize counter

int counter = 1;

while (outstate_newton SUCCESS && diffnorm >= cut
// For rest of iterations use defvector from pre_

‘ Value Type %

hessian_gn_buffer [1](...,...) std::vector

v [0] [36](1 35436, std::vector
— | % [0] 1.3049800500835436 idouble
— |e ] -0.030400581617012902 double
— | [2] 0.0090655713078876612  [double
— | 3] 0.65933830781623981 double
— | v 4] -0.17086138362181011 double
— | @ [5] 0.10316828353255096 double
— | @ [6] -0.030400581617012902 double
— |e[7] 1.2563675361990054 double
— | [8] -0.17086138362181022 double
— | [9] 0.10316828353255096 double
— | % [10] 0.70174597142671846 double
— | [11] 0.64602320404575375 idouble
— | % [12] 0.0090655713078876612  [double
— | @ [13] -0.17086138362181022 double
— | @ [14] 121.87397137145797 double
— | % [15] 11.186405765374950 double
— | [16] 0.39754905307046251 double
— |% [17] 2.0101960844455515 double
— | % [18] 0.65933830781623981 double
— | [19] 0.10316828353255096 double
— | @ [20] 11.186405765374950 double
— | @ [21] 137.66396617641493 double
— | @ [22] 2.0101960844455546 double
— | @ [23] -7.1604649483535381 double
— | [24] -0.17086138362181011 idouble
— | @ [25] 0.70174597142671846 double
— | @ [26] 0.39754905307046251 double
— | @ [27] 2.0101960844455546 double
— | [28] 122.21581446030851 double
— | @ [29] 1.2277413880884125 double
— | @ [30] 0.10316828353255096 double
— | @ [31] 0.64602320404575375 double
— | % [32] 2.0101960844455515 idouble
— | [33] -7.1604649483535381 double
— | @ [34] 1.2277413880884125 double
— | [35] 124.36996264513040 idouble
@p fatse 0ol
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Debugging MEX Files - 5.1

This watch window will contain the current hessian for each thread (in this example, | have only used a
single thread so there is only one hessian). Note that the hessian is a 6x6 matrix since there are 6
parameters which can be adjusted (u, v, du/dx, du/dy, dv/dx, and dv/dy). The hessian is stored in a 36
element vector using column major ordering, which is highlighted in the figure above.

With this in mind, it’s now possible to debug and check values in the MEX files called by Ncorr.



