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One of the largest remaining DIC error sources is air
refraction. Can this be fixed?

Review of the problem
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Top 3 Stereo-DIC Errors (Barcelona Panel Discussion)
1. Air-refraction
2. Aliased speckle content
3. DIC users
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Index of refraction changes between the sample and
camera will distort the image

Plane of
Imaged Object

Y A x

Heterogeneous
Refractive Index Field

Recording Plane

Distorted Light Ray

Undistorted Light Ray Qo

dy

refractIve Index
rk;

normal

I am using the phrase "air turbulence" loosely to mean, a volume of air
that has both spatial and temporal index of refraction variation.

Causes of index of refraction changes in air
• Shock waves (explosive or wakes)
• Heated air
• Species of molecule
• Foundation of BOS/Schlieren

1

1



Index of refraction changes can only sometimes be
seen with the naked eye.
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But often seen in the DIC results!



First approach is to attempt to eliminate heat waves
experimentally. Sort of fixes the problem.

Mitigation Strategies
• Fans/Air knives
• Minimizing temperature gradients
• Block red/IR wavelengths

For a complete overview of the problem see:
Jones, E. M. C. and P. L. Reu (2017). "Distortion of Digital Image Correlation (DIC) Displacements and Strains from Heat
Waves." Experimental Mechanics. 

Selected References:
1. Berke, R.B. and J. Lambros, Review of Scientific Instruments, 2014. 85(4): p. 045121.
2. Novak, M.D. and F.w. Zok, Review of scientific instruments, 2011. 82(11): p. 115101.
3. Lyons, J., J. Liu, and M. Sutton, Experimental Mechanics, 1996. 36(1): p. 64-70.
4. Pan, B., et al., Measurement Science Et Technology, 2011. 22(1).
5. De Strycker, M., et al., Optics and Lasers in Engineering, 2010. 48(10): p. 978-986.



Experimental setup used a large walk-in vacuum
chamber to remove the air effects.

Experimental Details
• Vacuum chamber capable of about 2 Torr

(i.e. "medium vacuum")
• Two FLIR cameras. Either 2.3 Megapixel
or 5 Megapixel depending.

• Slow image rate: 5 fps for 180 s
• Fast image rate: 140 fps for 14 s (2048
frames)

• Cameras experienced no problems with
the vacuum.

• Rigidly mounted cameras on same optical
plate as speckle pattern.

• Rubber stamp speckle pattern.
• Thermocouples monitored temperature
of cameras, hot plate and ambient.
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DIC Software Settings
SS=35, ST=15, SW = 15 (Lagrange)

For High Rate ST = 30 to have less points.
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The quality of the displacement noise is different at
low vacuums. I.e. index changes are removed.
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Unfortunately the statistics have a more confusing
representation of the data.
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Data was corrupted by vibration and thermal
expansion.
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Frequency analysis shows a marked improvement in the
low frequency noise.
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Hot plate in front of the cameras to amplify the
problem.
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Hot plate in front of the cameras to amplify the
problem.
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Air turbulence and speckle aliasing are two largest
error sources. (Camera Motion?)

0.0038No Filter
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DIC Settinas
• Subset 21x21
• Step = 5
• Strain Window = 41
• ZNSSD
• Interpolant: 4-Tap

Filter Good Speckle Mixed Speckle Aliased Speckle

None 0.0032 0.0088 0.0156

2x2 0.0036 0.0054 0.0127

Digital 0.0030 0.0038 0.0170

E (p.E)- 4-Tap Interpolant (16)

Filter Good Speckle Mixed Speckle Aliased Speckle

None 44 94 139

2x2 40 67 117

Digital 41 31 88
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DIC Good Practices Guide is under review.
Release will be mid-20I8.

Look inside 1,

INTERNATIONAL
GITAL IMAGE CORRELATION
OCIETY

A Good Practices Guide for

Digital image Correlation

Standardlzation, Best Practices, and Uncertainty Quantification Committee

September 2017

Mark A. ladicola and Elizabeth
Co-chairs of the IDICs Standardization,
Important Dates
December 4, 2017: Deadline to email
the draft version of the Guide.
January 15, 2018: Deadline to return
comment form to guide@idics.org.

short axis

stereo-plane

mera short axis

Top View

00111kI

camera long axist .ceme. short a„,

---- test piece, ..-
*king axis

o- ne •
• ---- -

test piece'
short axis

Isometric View

test piece
long axis

Side View

Figure 2.1: Cartoon depict-
ing the recommended orien-
tations of the cameras in a
stereo-camera pair with re-
spect to the test piece. In this
cartoon, the lcmg and short
axes of the test piece ROI
are assumed to align with the
long and short axes of the test
piece.

• For stereo-DIC, mount both cameras rigMly together to avoid relative camera
motion? See Sec. 22.22 for more information on common typm of mounting
systems.

Caution!

Any Marne motion of one camera with
duos erroris in DIC measurements.° 1\ I,:
fir to some degree with post-pnicemisig caz

selative camera motion is nutch mire strongly pzieferred
mounting is critical!

anl < will M-

I usitted

riding

. rigid

both cameras mum together rigidly with respect to the 'PA piece. only rigid-body
DIC displacements are affected. For most applicalions where rigid-body motion is not
impon.ant ie.g. strains are die illIaloily-of-1111.PIWNL). this rigid-body disMacement error
Ls inconsequential.

igid-body motion of die stereo-camera pair ran be corrected for in pnxt-pnxrr.fiinp
if there is a fixed reference pssint somewhere in the field-of-view. liowever. correcting for
relatise motion of 1111« camera with rocriert to the second camera requirwc.ljusting the
extrinsic parameters of the calibration (Scc. 3.2). but this type of corms:ion k outside
the scope of this edition of the guide.

M. C. Jones
Best Practice, and Uncertainty Quantification Committee

guide@idics.org to opt-in to vote and receive a copy of

your vote and comments by emailing the voting and 
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6 Reporting Requirements

With all the variables t luit mum be selected in a

surements, such us parati., of the phrical symen

method, etc.) mid paran the data analysis pr ,

strain wsuge size, etc.). j • and chrumentatiou of the ,

cal. The lists below ',cilium reporting require/non,-

detailed reporting 1 , , I., ions. .111 documentation »if I

reports and publish, l .1, it-tides — should contain r!i:

picad tost with DIC

patterning
We, virtual

s inade is

as suggested,

both inti-rnal

it 1,1

Depending on the applicatisin isf the DIC data, some of 5:1 porting resin-amen-

I Far IOU., may ntst he norm—Nary while ot hers not listed here Illay beimpiertant. The

kr rlipri Lilt, is tis document all I ts-vant infonnatiisn!

6.1 Experimental Parameters

6.1.1 Required

• Camera Alake and Aloclel, and Inusge Resolution

• Lens :Slake, Model, Focal Length'

• Field-of-View

• linage Scale2

• Stereo-Angle"

• Stand-Off Distance

• Inusge Acquisition Rate

• Patterning Technique

• Apprircimate Speckle Size'

‘a.riable focal length. report both range and focal length used.
2For stereo-DIC. report the average image 'rale or the image scale in the center of the FOV.
Applicable for stereo-MC; ma applicable for 2D-DIC
4Spocify method used to determine speckle size. Note LliaL both black and white regions are

considered specldes.

http://idics.org/guide/ 



iDICs —A society to provide training, certification,
standardization and guidelines for DIC.

INTERNATIONAL
DIGITAL IMAGE CORRELATION
SOCIETY ¡Dies

iDles2018
and
on Digital

on Npn-contactmg

Joint Conference
Image

Experimental
Correlation and

Methods
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•

1

Society for
Experimental
Mechanics

Venue: Hangzhou, China Date: 15-19 October 2018
Organizers: iDICs, SEM, and Zhejiang University

International DIC society (www.iDlCs.org)
• 1st Annual conference: Philadelphia 203 attendees
• 2nd Annual Conference: Barcelona, Spain - 150 attendees
• 3rd Annual Conference: Hongzhou China - Oct. 2018
• Prof. Mike Sutton - President, Phillip Reu - Vice President

Committees
• Standards Et Best Practices - Mark ladicola
• Training Et Certification - Tim Schmidt
• Applications - Dave Dawicke
• University Education - Mark Pankow
• DIC Challenge - Phillip Reu

Mission: Extend — Improve — Train
Extending the Frontiers: Training the next

Generation: Standardizing for Industry: Improving our

Su'2
9_

INTERNATIONAL
DIGITAL IMAGE CORRELATION
SOCIETY

Skindia
Natoonal
Labotataies

iDlCs 2016 Conference and Workshop

SEM Fall Conference

November 7— 10, 2016 in Philadelphia, PA

„ill ,:, , , r , _ , ., „. ,.

—Improve—Train

Gaining the next Generation

— Improving our Practice

www.i.u.org


