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Optical Technology for Full Field Strain Measurement

LaVisiorStrainMaster products are versatile optical measurement systems for surface displacement, strain, and shape analybigthhse
image correlation (DIC). Application areas include, but are not limited, to classical material testing (tension, compression, fatigue
material response (impact / blast loading, cyclic testing), complex deformation states (shrinkage, multi-axial loading), thermomechar
and CQE@ OPNQ?P QRS FEavRliiAdNther® B Ktical access, StrainMaststems offer a contactless, non-intrusive and robt
method to measure full-field surface deformation.
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System Features
complete camera integration including high-speed devices
Device Control Unit (DCU) 11 for synchronization of devices with integrated A/D converter
complete control, analysis, and data management within one software package
total control over data post-processing — your raw data is always available
compact and robust mechanics
live gauge extensometer mode with optional scaled analogue output for strain control
comprehensive 3D display of data
virtual gauge and extensometer plot
dedicated Add-on for MATL*ABNd export formats including ABAQUNP
lifetime email and phone support and incremental software upgrades included
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TheStrainMaster system follows a modular concept that allows you to retrofit individual hardware and software components accordi
requirements at any time. In combination with a Device Control Unit and one or more cameras, you have complete control over the ac
recording parameters. The standard software package is available as a powerful standalone product capable of importing and proce
from external sources such as scanning electron microscopes. Software licenses are available as single- or multi-user version ar
modules or network seats can be added at any time. The one one-time fee for each license covers incremental downloadable upd
with phone and email support for the lifetime of the software. No monthly or annual maintenance fees are charged. LaVision can also
network licenses for teaching and training purposes.

TheStrainMaster systems can be split into 3 basic categories (in addition to the digital volume cosefatiare) which accommodate the
needs of all scenarios and applications.

StrainMasterCompactrepresents the ultimate solution in terms of simplicity and siz}
This pre-calibrated system contains two cameras and light source, and is an ideal low
system for repeat testing applications, teaching, and difficult to access measurement
amongst many others. A typical system consists of:

StrainMasterCompact measuring head
DaVis DIC 3D software

DCU 11 controller including A/D converter
tripod based mount

Four different variants are available covering different measurement areas.

StrainMasteiPortableis a flexible platform suitable for many different applications requi
2D or 3D DIC capability and typically and consist of

DaVis DIC 2D or 3D software

DCU 11 controller including A/D converter
tripod based rail mount

LEDs

M-lite cameras (up to 16 MPix)

Options for StrainMastd?ortable include
high temperature testing capability

various lenses for small- and large-scale
components

typical system but options include:

powerful DaVis platform with the DIC 2D or 3D module

high-end PCs with increased RAM and RAID arrays

PTU X with optional high-speed imaging capability

bespoke mounting solutions with translation stages or robots

stereo microscopes with very high magnification

high-speed cameras offering kHz frame rates

combinations of DIC with PIV for fluid-structure interaction (FSI) studies




How does Digital Image Correlation work?

DIC tracks the movement and deformation of a random surface pattern
object undergoes some sort of loading (mechanical, thermal, etc). The sur
pattern may be a naturally occurring structure or an artificially created spe
pattern. The recorded images of the object surface are discretized into s
subsets and the displacement of the pattern in each subset is tracked over|
To find the best match between the initial subset pattern and the same pa
in the deformed state, the pixel greyscale values are correlated. This is ty
done viaLeast Square Matchinm conjunction with a subset shape functi
that accommodates pattern transformations like stretch and rotation. The rg
of this computation is a sub-pixel accurate displacement vector pointing f|
the center of the initial subset to the new position of the pattern in the defor
state. By tracking the displacement of all subsets, a dense map of dlsplacemen

vectors is created. Additional quantities like strain are easily computed from th \ . B

displacement maws

initial defomed and strain map

displacement vector field using well established numerical derivation schemes

l- correlate tofind displacement vecto
best patter match from initial to
defomed state

The displacement is calculated over the entire surface alloy
the local strain to be calculated. This is done by a making
affine fit to the local NxN displacement vectors. Essentially
can think of the strain map as like having thousands of 1
straing gauges or extensometers all over the object surfac

As well as not being restricted to certain applications, ob,
sizes, or material types, DIC is not restricted to certain st
magnitudes (unlike traditional gauges or extensometers).
our sum-of-differential correlation mode we can capture v
large strains greater than 1000%.

Calibration

The term “calibration” has different meanings within different commun
StrainMastesystems don’t require regular calibration checks by the manufac
because the user calibrates the system for the optical setup. Here the p
of the calibration is to find the intrinsic and extrinsic parameters of a ce
model that best describes the optical system. Intrinsic parameters are 1 |
characteristics of the lens, like focal length or radial and tangential distol i
while extrinsic parameters define the standoff distance from the objec
general camera pose in space.
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The simplest calibration for a 2D system would be a pix/mm scaling, however this would not
account for optical distortions such as the typical cushion distortion of a short focal length lens
shown on the right together with the corrected image (after calibration). Without calibration, the ‘,
strong compressive distortions around the edges of the raw image would introduce artificial

strains in DIC when moving a pattern from the center of the image towards the border.



In 3D stereoscopic DIC systems two cameras view

the surface of the specimen. The camera systen’m}t camera

calibrated such that the relationship between raw
and world space is known. By matching the pattern
between cameras and using the calibration model,
the height and z-displacement of the surface can be
calculated. This depth perception system works like
our eyes do. Through the two views of the object
surface and calibration, the Stereo-DIC system
calculates the surface shape, displacement and
strains. It gives the real strain on the surface even if
the object moves towards or away from the camera
system, whereas such movement will result in errors
in a single camera 2D system.

Accuracy and Precision
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The accuracy of RIC measurement is primarily dependent on the image quality. The pattern on the surface is the information carri
better the “signal” is from that information carrier, the better the result will be. Typical error sources which need to be considered an
include, camera noise, image contrast, focus, reflections and glare. There are also aspects of the calculation scheme like the DIC sub:
influence the precision of individual displacement vectors and hence the strain result. If the experiment is optimized displacemen
better than 0.01 pixel, and strain precision of bribetter are achievable in DIC measurements. The precision improves even further fo
strain gauges and extensometers due to larger effective gauge areas and gauge lengths (compared to the locally calculated values)

Digital Volume Correlation (DVC)

A natural extension to DIC, which operates using 2D images of the object sur
full 3D correlation using volume images from X-ray CT-scanners, MRI machin
other volumetric imaging techniques (which may include LaVision’s Tomogr:
Imaging systems for fluids or transparent materials). With DVC the volume im
system records many image projections of the object in order to reconstruc
3D volume in the reference and deformed states. The raw reconstructed v
images are then imported into the DaVis DVC module for processing.

LikeDIC, the image is discretized into smaller sub-volumes, and the pattern v
each subvolume is matched within the deformed images allowing a full vc
map of the displacements and strains to be calculated.

Like DIC, the pattern is the information carrier, and therefore DVC requires
there exists a natural or artificially introduced pattern within the object. Matt
such as bone, foam, soil, concrete and iron all have naturally occurring fee
which provide different attenuation levels to X-ray CT machines and hel
pattern. With applications such as powder compaction or sandbox experir
(see left — courtesy of Jurgen Adam et al., Royal Holloway University), a
percentage of different powder is introduced to provide the necessary patter



