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Before we start
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1. Login
2. Create a new folder in My Documents (=H:\[Your DaVisProjectsName])

3.  Transfer data from \\soton\ude\courses\SESG6031 to My Documents
(=H:\[Your DaVisProjectsName]) including *.exp files

» DIC_disc_tutorial
» DIC_Dog_bone

MName Date modified Type Size

-
\. Camera_setup 28/03/2014 16:21 File folder
4 DIC_bmp 11/04/2013 12:41 File folder
. DIC_disc 28/03/2014 16:22 File folder
‘ . DIC_disc_tutorial 28/03/2014 16:21 File folder |
‘ .. DIC_Dog_bone 28/03/2014 16:22 File folder |
.. GRID_Disc 28/03/2014 16:22 File folder
1. 5G_Ext_Dog_bone 28/03/2014 16:22 File folder
1 T5A_Disc 28/03/2014 16:22 File folder
|, TSA Dog_bone 28/03/2014 16:22 File folder

LaVision UK Ltd
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4. The address of the software licence server is 192.168.168.174
5. You may need to search for the licence

6. The licence file you will need when you install the DaVis software on
your own machine is here:
\\soton\ude\Courses\SESG6031\Software\Davis

LaVision UK Ltd 3
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1. Select add new workspace (add both DIC_Dog_bone and DIC_disc_tutorial)
2. The projects appear below the relevant workspace
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LAVISION

FOCUS ON OPTICAL MEASUREMENT SOLUTIONS

Fluid Mechanics Mixing Fluids, Thermal Flows Fluid-Structure Interaction Materials Testing
Advanced Flow Field Imaging Scalar Flow Imaging Aeroelasticity, Hydroelasticity Surface,(Volume) Deformation, Strain
PIV, PTV, LDV LIF, Rayleigh, BOS DIC +PIV

DIC, DVC

Combustion Automotive
Species, Temperature, Soot Engine, Aerodynamics, Testing
(Laser) Imaging in Flames Engine Diagnostics, PIV, DIC

Sprays Particle Characterization
Spray Analysis, Quality Control Size, Shape, Velocity
(Laser) Imaging in Sprays, PDI Shadowgraphy, IMI
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The Digital Image Correlation process RTIRR

Hardware Set-up » Camera and lighting set-up
» Good and bad practices

<

« What makes a good pattern

Sample Preparation
« How to apply the speckle

<

« Appropriate mode to use

Calibration « Surface height calculation

<

- Importance of resolution

Imaging « Timing, image sequences, frame rate, synchronisation

<

Calculate « The construction of DIC algorithms
Displacements « Interpolation, shape function, matching and correlation

<

. « Filtering and post-processing displacement data
Extract Strain Data - Strain calculation from displacements

<

« Displaying data
Result « Exporting data and extracting values

/\/ =

The Digital Image Correlation process RTIRR

Covered in previous lectures and in the lab

Covered in previous lectures and in the lab

Covered in previous lectures and in the lab

Reminders only in this lecture

Covered in previous lectures and in the lab

CERel g e

Calculate « The construction of DIC algorithms
Displacements « Interpolation, shape function, matching and correlation

<

. « Filtering and post-processing displacement data
Extract Strain Data - Strain calculation from displacements

<

« Displaying data
Result « Exporting data and extracting values
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DIC gives full field Displacement and Strain RTIRR

detect shift for t — t+dt compute strain fields (derivatives
by cross-correlation of deformation field)

images displacement strain

EERERER E R PR R PPN
N N R RN RN R ]
R N R AR R R PR R
LU e

Ey0 Exyr
Poisson ratio
Principal Strain
Strain Angle

Divergence

at time tand t+dt
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Digital Image Correlation s

| . Reference Deformed
miﬂiie“ﬁnf « (unloaded) t, .5, /{l0aded) t,
with 1 or more ﬁ%gﬁ&@ Deformation /

cameras during 3 ‘_ to by, b,
deformation process At
ot R
72

el Bl ~
» Image discretised into smaller %4 o
interrogation subsets 0 © . Min difference; best overlap
&
» Calculate displacement of surface e ) — P

pattern within each subset

N

From Prof Pierron’s lecture...
LAVISION

- Digital Image Correlation (DIC) is becoming a common tool in
experimental mechanics

- However, relatively new: commercial systems around 20 years old
« DIC : Easy and fast?

- Many parameters: speckle, camera (noise), lens (distortion), lighting
(heating, saturation ...), subset size, step size, virtual strain gauge
size

« Influence of the choice of these parameters? Uncertainty estimation?

N

LAVISION

Imaging set-up
Calibration
Recording

Background / Reminder from the Lab

LaVision UK Ltd 12



-,&:Q Live Grabbing of Images WVIET-IN

« Normally easiest to optimise the imaging set-up by viewing the
sample first (then calibrate later)

Live Mode Recording

= B

[ Processing after Take/Grab

Reminders regarding the set up:

» Orientate sensor with sample (fill

BT the image with the sample)
C.ADI ADIZ ADIZ .
) Hel Ol B » Position the camera(s) correctly
ST » Optimise the lighting (avoid
[T] AOI rectangles .
reflections
[7] dynamic mnge \\ )
[l fous aualty » Exposure time, lighting, f#
Text size |8 = | pixel
- Show overlay | » Focussing

EEf—"' Scaling : 2D only
Saaling

LAVISION

Loading system

1T

Planar
Specimen

e )=
Vaid

2

CCD camera

e TR

White Light Source

Accurate 2D DIC requires:
» Planar sample
» Camera is perpendicular to sample surface OR a 2D calibration
» Negligible displacement in z direction (z movement = artificial strain)

Typically appropriate to use where sample is loaded to small strain
magnitudes (<10%) in tensile test machines

EEf—"' Scaling
Saaling

LAVISION

Icon on toolbar

» Take an image, or load an image
» Define scale and ref point

» You should not need to rescale the provided projects

Define scale / no image distontion Q Fecodeg .
= - — | Teurg v
Image scquistion / Impot: nsuctons: Q'n o Offsnt 7| Camenn | sngefame (T14) s Boore W00 3 a

i User Trgger 1 ViCamea2  wrgelame (TIA s Epowre X0 S
r S, Chimain . Taut Mg User Tugowr 1 o
(5] Scaes and Overtays S
g ¢
* st ogn (00)

@ Y 0 @ Corvers 2. Tt bnoge
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: et ~ ADC settings - recording analogue signals B Vison

s |/ Recording Sequence |/ Procesming |
G:E;Tm ADC-250-USE
b Lo
L “m—gi::“ i Feschton  OOGEEE | ma
Saring durston -
FE g
| ('Mekmm}’mﬁm.nqhqume }/ Processin g |
U:«;’;w ::—:sn-uss Seales
b"“"m("‘*‘ Descrgtion: oktags Uns:
D o e - : e
+ Need to know scaling of output from test
machine
| + Choose labels and values

/"(j’.//

LAVISION

Using
DaVis StrainMaster
Software

on UK Ltd

+I‘__l Workspaces (are folders that) contain projects

LA \)l SION
- B8
3 w
4 P
¢ -
.‘?3. rt<<>),|[5m—-.,- e
1. Select add new workspace
2. The projects appear below that workspace

jon UK Ltd
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Projects contain the images and data

Note that in windows explorer, a project consists of:
- Afolder containing the images, calculated data, etc
- A *.exp file which defines the project

- You need the folder and the *.exp file when moving a project
from one PC to another

u :l '; 420 Enphec DT, it
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Inside a project =
nsidae a projec LAVISION

Display
m . settings

fﬂ__ = - .' Workspaces ™ - »
Y (% =,
— v et P 7 ®
%‘ > [o1o)
s 0 =
& .,
=
5 L
k) @,
l‘,:,‘
2
Current project 77 w
w o Properties -
» [ Calbration History
b Bl Cabbration
+ [3] Colibestion
+ [ SamticRample_HoWater ; o
[ Snatictample_WithiWater af
~ O FullTest . 2%
w 2 Processing_2017-12.08 Movie ‘

15 Calibration » T R T Sy
1 stz player O
I Piots 27121101 « M-

=

L)
1 € 40 > YD) Brms, com's Foli 3] ww
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@) Preferences

Extras

LAVISION

s

User intertace
e R T
Eport Separator for Wable expant v chpbowd: | TaAIRES -

o File systes 5 &l
P trelerences o Perciiorsof oat wlues for ASCIL epert: (6 (8
(5] Swich te bigh-speed secording (restarts Bavis) Recceding Qualny of 1466 bitmap eport: [» =
s tndened fle doyt: ]
& License management
§ Service o @
& Conguationtile v| [ E J
Sonage ® Ergmenre
(5] Maero b | | Poocening o
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Baras 4 7 Manals » o i) S
? Socn O e
O ey fopertem
[« CRORS
Advanced dialogs for Strain projects |

e abearnnd i for
[ mecontng

[0 et cubaters

Compatibility with StrainMaster DIC J

e ey v f Dava 00
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Displacement
Calculation

2 P . )
;‘ Calculate Displacement (and strain) LAVé A

« Click on an original image sequence in one of your projects
I-gl |
Recording
A |
Strain > gCahbrahun History
> Calibration
p,”g g
I~
Plot
Log
A
 Then click J
Strain
24 Calculate Displ t (and strai -
=& Calculate Displacement (and strain) R
a_o’wgv—vhwv—- . § o .-
— E== . B
Do« u; » @
= = . - B8
» 1800 6‘
L
160 o)
. ==
wns b
@,
- B
wk
-,‘ 800
> " v Iy
-t ] 2 o 5 10 ru:;h.q” » »
I -
v@-.-"—— =<<<v>>|f5m-—-,-—-‘ teli B wel Hl» =
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:-:‘ Calculate Displacement (and strain) (1)

LAVISION

J .
;‘ Do I need to mask the image?

» Process all or part of the sequence?

Range: L )]s B » Select a range

Increment: » Select an increment (skip
images)

0ow % )

[} Name Color  Status

1 Rectangle - Included

Click/drag points or
entire mask elements

» Masking (define area of interest)
» Define the region using
geometric shapes °
» ... Or use automask l&

LaVision UK Ltd
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:-:‘ Calculate Displacements (2) - Seed points

« By masking you do not make the software try to calculate
displacements where there is no sample => increased
calculation speed

It you do not mask there can be increased noise in the
displacement (and hence strain) results at the sample edges

»  You only need to define the mask for the reference image :
The mask follows the sample movement!

avision UK Ltd
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- Seed points = first subset locations used in matching process

+  Automatically distributed over region of interest

*  You can manually add
seed points =~

Position (mm]

mo
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2 . :
;‘ Subset matching — region grow

LAVISION

- Seed points provide the predictor as to where adjacent subsets
should search

» Adjacent cells then provide prediction regarding likely
displacement and inform their neighbours where to search

Window with already calculated
transformation.

Window for which the
transformation will be calculated at
next grow.

/\/ =

:-:‘ When should | define seed point locations?

LAVISION

< Region grow stops at boundary of sample

« |f the sample has more than one zone, or separated parts, then you
should ensure that at least one seed point exists per zone

« The matching (region grow) evolves from each seed point

g} i

£ R

Seed
point 1

/\/ =
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Parameter

Sum of cifferental -
Subsetsize: Free—7|

Correlation mode:

Rel to first :

» Use this mode when the displacement
between first and last image is <subset size
» Highest accuracy (no error summing)

Step size 10 pixel

Calculation mode: Accurate A

e & 4+ 5

Sum of differential :

» Use this mode when the displacement between first and last image is >subset size
» Lower accuracy (due to error summing) but a safer calculation mode

123456

Differential : dpgaiia

»  Use this mode only when you need to know displacement relative to previous image
»  Normally only used for granular flows

LaVision UK Ltd 30



:-:‘ Large displacements = sum of differential s

» Due to large change in sample shape, pattern has deformed too much at image N
to be able to match directly back to reference image

Ref Image

Image N
HEEESITER » Use sum of the differential (1+2, 2+3, 3+4, ....) ,-"'
] i i
agmsa displacements mode 4

i

!Hg 28

B A » Disadvantage of sum of differential = errors are
!.a summed
ERLEE i

:-:‘ A reminder from Prof Pierron’s lecture

LAVISION

The three important components of 2D-DIC

Matching

Always Affine

Interpolation

- S

Shape Function

Always zero- <

normalised sum of  Can be chosen
squared difference

v H a ~
;‘ Calculate Displacements (4) — calculation sche =z

LAVISION

Assignment

Subset size (NxN pixels) =
local matched region

Process the DIC data for
different interrogal size:
 from this. €
with the theoretical solution. Compare il
the centre of the disc (avernge acro

value from
the centre

Step size (= grid spacing) [€]

Parameter Determines number of

iterations, correlation criteria,
shape function.... how hard the
system is made to work

Correlation mode: Sum of differential

Subset size:

10 pixel

Step size

Calculation mode: Accurate

Visualise & = mor s
subset gty o dE a0

avision UK Ltd



:-:‘ What is the best subset size?

LAVISION

» Depends on pattern

» Require speckle with 2-5 pixels diameter Inspect visually to
determine minimum
» At least 3 features per subset subset size

» The minimum subset size might not be the best. There is a compromise
between spatial resolution and error

| Unless it is necessary to
s _ resolve very small
o2 o E features, a minimum
2 & subset size of 21 s
_‘2‘ recommended
£
preckies per g
» DaVis minimum = 9 pix
» Practical minimum = 21 pix -
}Typica| — 31 pIX 1 1 2 3 41 51 61 71

Spatial resolution (pix)

= subset size

LAVISION

Step size (= grid spacing)
>
-7 -~
Parameter

Correlation mode: Sum of differential v
P @ PAvAY
Step size 10 pixeel o
Calculation mode: Accurate -

AT

>

avision UK Ltd

) ,
;‘ Notes on step size

LAVISION

¢ Why?

« Changing the step size does not improve the fundamental
spatial resolution

» But changing the step size does do the following :

» It affects the data grid resolution (number of displacement vectors)

»  Smaller step size increases ability to describe/locate
discontinuities (e.g. Cracks).

» decreasing step size (oversampling), can be helpful if applying the
smoothing filter — see later

» Typical step size = 0.3*[subset size] = 10 pix

avision UK Ltd
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;‘ Calculate Displacements (5) — calculation sche RTIRR

Parameter

Determines maximum number of
iterations, correlation parameters,
R = interpolator.... how hard the
ST & 4+ 5 system is made to work

Correlation mode: 5Sum of differential
Subset size: 31 pixel

Step size 10 pixel

| | Fast | Medium [ Accurate |
Square Gaussian Gaussian
weighting (normal)

Bilinear Bilinear 6! Order Spline
interpolator

on UK Ltd

/"/(7/:’//
LAVISION

| [ Fast | Medium [ Accurate |
Square Gaussian Gaussian
weighting (normal)

Bilinear Bilinear 6! Order Spline
interpolator

» Round windows = a Gaussian weighting is applied / N
to the correlation function, i.e. Pixels closer to the -~ >
centre of the subset have a greater influence L y

» High accuracy interpolation = use 6th order spline
interpolator (instead of blllnear

@»

jon UK Ltd
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Display of data

jon UK Ltd
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™, 20 Display

LAVISION

. Component visibility:
*  Identify what you want to UL b
- A
display IE‘ Scalarfield ~
VGCTOTS/ngd IE‘ Source image - A
Vector field color scale +U_
scalars as colour contours S 'll +
Source image Elsae a2
»  Choose the scalar quantity, oo et s 0 ™
the units, and any P e ngx
smoothing for displayed 2 visplacemen: A R %
> Traverse strain U
data 1 mnsinty o
= AR,
(@ M romal stain e
(%) Minimum normal srain 'ﬁ *
124 Maximum shear strain y =i i
Unit: s[5 ]ms % 1s ®
smoothing: ] F B =
Interpolation: | OFf | Bilinear

aVision UK Ltd 40
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R | [~ ~ [Fe .
|t 01:31.610 J 31434 |

>® [ 0o,

Lo}
©

ie i

Ty
.l

)
T
Ll

CE

N
LAVISION

Checking data quality
Image Filtering
Post-processing

LaVision UK Ltd



7 \/ =

LAVISION

{j':} pixel (peak) locking

4

Any bias towards integer values
indicates pixel locking

« Pixel locking occurs because

H Speckle/features too small (<1 pixel
4—‘45_15'_'-1_5% diameter)
» Interpolation scheme introduces bias

SHRTUe>DEER,

7 \/ =

LAVISION

Pixel (peak) locking

- Banding visible between 0.2% and 1% Strain

- Peak locking due to systematic error with bilinear image interpolation
scheme

kol
-

clpined

« If you are measuring <1% strain you may see this effect in your results
(in “fast” calculation mode).

« Solution : use “accurate” mode which utilises spline grey-scale
interpolation

Uncertainty — looking at local statistics B oo
«  Top right of screen -> statistics e G 10 —
«  Select region of interest 56.8 —
- Statistics are relevant to whatever = ]

quantity is displayed at the time e +
Devie data +
Statistics | saen Am
1610 1 g = -

Axial strain Eyy bS] i

I avg=stdpev: -79.8 + 381 + 3

Min-Max: -2994 - 7138 '

Define
S i area for
PO statistics

LaVision UK Ltd



N

LAVISION

Post-processing
Smoothing / data fitting

LaVision UK Ltd 46
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.‘ Smoothing/Filtering the displayed values

Position [mm]
FS

= Virtual Strain Gauge size

Bilinear/bicubic smoothing
(noise reduction, local fitting)

» For display only — exported data is still the raw (unsmoothed) values
» If you want to process (e.g. smooth) the data for export — see next pages

LaVision UK Ltd 47
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pmng Processing : Gaussian (and other) smoothing R

Operation list 4+ @ ﬁ] ﬁ ﬁ Operation 1:
=] Hl
i e Group: |linear fitter &
b 2 Operation | Gaussian smocthing [
3
4: | Operation list i
: peration fist t Fiter: %08 Gaussian smoothing fiter [~]
= |/ 1: Gaussian smocthing
51T Tg
il 2
% "
5:
[3
7
8
9
135
10
s




Pmng Processing : Polynomial (and other) smoothing

N

LAVISION

Operation list Operation 1
ER = . =l
i Parameter i L
B Operstion | polynomial iter ¥
3
4; | Operation list 4+ polynomial fiter parameter
5 - ;
-k 1: polynomial fiter
.7; E/ g Onderofthe polyromial  n=[1 |~/
- z
8 I Fiter length L
o | . -
..... 5
E
P
----- gf [Oolyiter  Oowilee @ Fiterandfilup |
"
®
5
ol

~ [ sequence
v 7 Processing_2018-02-22
ﬂ Calibration
f 9x9 smoeothing

»  After pressing [start
processing] and returning to the
project view you have a 10
sequence below the originals

N

Smoothing can be done on images too (before L B VisioN

Processing

e BIEET

vy el e sl (0 = — » Click on the image/data sequence
ncesd : s » processing icon
» linear filter

» Gaussian filter (is one example)

pre——

I;le » After pressing [start processing] and

;_! e by returning to the project view you have an
s image sequence below the original images
’"E" . H;s;::‘:;mw » These images could then become the input
n; ) for DIC processing

c .

N

LAVISION

Exporting data
Extracting local data and line plots

LaVision UK Ltd 51
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Extracting full field strain data (single data map B oo

+ Right click — export — single displacement/strain maps

0 e Statistic rectangles >
o I
4 > "l EXle

e Ml To export data from
0 S o . port screenshot . . .
.; s : v Position info always visible - Smgle d|sp|ace ent f|e|ds

of camera

+ - : e
ALE TR perspective correction and distortion it

Correlation map/vector edit

x I A (] ¢ o [} [ s M 1 ] K L " N ° ®
e "
displece displace  wector poilicn  poiicn  poiicn poiicR MU mInIMUM s masimum
ment  ment  length atio- et e ratio-  noemal  norul  dhesr shew
A0 x [men] ylmen]  [men]  [men]  [men]  Bax[$) Eyy[S]  Ewy[$]  Min/Max ExefByy  EyyfExe  Maxfmin strain[$]  stran[S] strain[$]  eegle(T]
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Extracting full field strain data (full set)

Processing

LAVISION

+ Via the processing menu
Operation list: Operation 1
Grou | vector properties
[Z] Parameter . el i
2 Operation | export muttiple quartities to TecPlot file
& =
e Storage mode:
5 selected
[3 Storage name:
7 outputs
s STET Export path: [C/Bxpor/ _am—
=] R 1: export muttiple quartities to TecPlot file Available scalar values/fields: export disabled vectors
: E Do not export: Export
2 Exx [l
x,y 3 Ewy Max nomal strain
4 Max shear strain
Vx,Vy 5 S
included 5 £
x " © " ' ' . L
= ey o Wnnoma  Mannommal  Maxshen 3 B
2l v W Wy (omponest) joomponenty (momponant], stren, vrain, virain, wvales E——
BT GMBH LETIST 01T BOTISAIT OO0KMMS)  O0UNMMS  000MMETE i
LETION aa01smel LOOTIATLY OCOKIOTS  O0MAITOMS  OOOETIM 1 By
LATI2 diponsens LODMITI OCONIOMES  AOMTEINIS OO0 1 £y
AT tsoaninz LONATMET  OOINSTS  AOMmEE  DO0TIeEM f
arasa] oonassece] D00 OeoMAIMI  Golimed  OoOMISTL 1 [ /e ]
e BOOROTI 0OMMSON AOIMYMEI  fOTMM) 3
agarnuy Dooneen oooMsi:  GlIMa P
-z Lo ocomeM Ooueeni - Export al
aumansess Lo DeoeTime ooy '
B nomanm DeesoaTis woomssn f
-coarme LTI 0.ooMeMT) ooz '
DODMINT  QDCUSMIS  DOCTENTIS DASIGTIT [P f
LIOBMIN DONINT  DOOTATEN DSOS woomons '

1 LATEIS) DSCILARS  OOCIOMIS DOOTISTAOL OOCMOMATY  GSI1SMMS  D.OOTIEITGL
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» Function to export
anything you see in the
project as a sequence

LaVision UK tid




. Other processing — extracting local data

Plot LAVISION

+ Via the plot menu, extract local data over an
area (gauge), strain between two points
(extensometer) or local data along a line

[_»—_

v [ Sequence
hd f‘ Processing_2018-02-22
-

E— 1
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[ Extracting local data over an area

Plot
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Assignment

Process the DIC data for the dise into strains (for load steps 0.5 10 5 kN and 0.5 10 9.5 kN) - use three
different cell sizes and step sizes (along the lmes of 31, 15 and 61, 31). Comment on the
quality of the o this, Compare the extracted strains from along the vertical dimmeter of the disc
with the theoretical solution. Compare the values from the strain ganges with the valne from the DIC at
the centre of the disc (average across different areas to obtaim the stram values a1 the centre). Provide a

[ Extracting local data along a line

Plot LAVISION
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Process the DIC data for the disc into strains (for load steps 0.5 o $ kN and 0.5 10 9.5 kN) - use three ||
i i 1 cell sizes and step sizes (along the lmes of 31, 15 and 61, 31). Comment on the
quality of the o this, Compare the extracted strains from along the vertical dimmeter of the disc
with the theoretical solution. Compare the values from the strain ganges with the valne from the DIC at
the centre of the disc (average across different areas to obtaim the stram values a1 the centre). Provide a




@’. Extracting load data
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