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DIC has a spatial bias error caused by the interaction of
the: Pattern, shape function and the deformation field.

Pattern Induced Bias (PIB) Error
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This term was briefly mentioned in literature° but has been largely ignored.

PIB can be larger than common terms such as lens distortion, heat haze,
and temporal variance errors from vibration or image noise.
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°Schreier, ExpMech, doi.org/10.1007/BF02410987



Undermatched shape functions can cause significant bias

The shape function is undermatched if
it can't perfectly match the underlying
deformation.

Deviation from true deformation
(black line) is shape function
attenuation bias
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Shape function attenuation bias dictates the correlation

results in the DIC Challenge 2.0 images.

Image Characteristics:
- Constant amplitude along the middle row
- Increasing displacement frequency from right to left
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Due to shape function attenuation bias, the

0.5 - displacement is attenuated more at higher
frequencies.
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DIC Challenge Result
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The DIC solution crosses
the threshold multiple
times, obfuscating the
resolution limit.



The expected DIC results can be evaluated numerically and
analytically.

Expected DIC Solution
(black crosses)
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Introducing image noise did not change the bias
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Averaging unique patterns eliminated this error

Image number

1

2

3

••

50

0.5

100 pixel x 400 pixel samples
from the larger image

+ Expected
Solution

Averaging DIC results
from different

patterns smoothed
the curve
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Note: Similar results occur for strain



What was the cause of the bias?

0 .51- - Average 1..-;414a1PS+1044141+4+11.+41+.

The error is influenced by the intensity pattern, hence Pattern Induced Bias (PIB)

This error only occurs in the presence of an undermatched shape function



The influence of the pattern was evaluated numerically using a
double precision pattern

A continuous pattern sampled at 31 "pixels"

1% uniform horizontal stretch



DIC using a Oth order shape function can be simulated by
rigidly shifting the reference pattern over the stretched
pattern and evaluating the SSD.
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PIB is influenced by the characteristics of the features
within a pattern such as contrast, gradient, geometry,
position,...
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PIB is influenced by the characteristics of the features
within a pattern such as contrast, gradient, geometry,
position,...

• The DIC solution is biased by higher contrast features.
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PIB is influenced by the characteristics of the features
within a pattern such as contrast, gradient, geometry,
position,...

• The DIC solution is biased by higher contrast features.

• The DIC solution is biased by sharper gradients

1
• Center weighting reduces this error
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Antisymmetric deformations are undermatched, but don't
produce shape function attenuation bias Lower Contrast

Cubically deformed pattern
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Magnitude and direction of PIB evolves with choice in
shape function

- The Oth order shape produces
large PIB error

i 0.03
x
a
— 0.02

Is.tc]
a) 0.01
co
EL o
÷E'
a)
E -0.01
a)
o

sT1(75 -0.02
cr)
'56 -0.030

-15

Cubically deformed pattern
15

L 

0.4

-15 0

x-pixel

15

+ U Low Contrast
0 U Sharp Gradient

— — — — PIB-free Solution (zero)

1E1

0.2

0

-0.2

-0.4

1 2

Shape Function Order



Magnitude and direction of PIB evolves with choice in
shape function

- The Oth order shape produces
large PIB error

- The 1st order shape function
better approximates the
displacement.
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Magnitude and direction of PIB evolves with choice in
shape function

- The Oth order shape produces
large P I B error

- The 1st order shape function
better approximates the
displacement.

- The quadratic parameter in
the 2nd order shape function
further biases the results to
minimize the SSD.
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Magnitude and direction of PIB evolves with choice in
shape function

- The Oth order shape produces
large PIB error

- The 1st order shape function
better approximates the
displacement.

- The quadratic parameter in
the 2nd order shape function
further biases the results to
minimize the SSD.

- The 3rd order shape function
is not undermatched, no PIB
error
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PIB error is demonstrated in a simple out-of-plane motion
experiment.
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• Stereo set-up for 3D DIC, Orthogonal camera for 2D DIC
• A floating vacuum chamber was used to prevent vibrations and index of

refraction changes in the air (largest error source).
• Out-of-plane motion used to create a perfectly uniform expansion (largest

2D error source)
• Experimental images were averaged to remove the temporal-variance error
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The PIB error is the 2nd or 3rd most important DIC error.
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PIB exists in Stereo-DIC
21
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Again, the error is spatially
variant, but not temporally
variant
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Conclusions

1000

• PIB results in a spatial bias
error — 800
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x• PIB is not temporally-variant .5____

• PIB is dependent on the E 600
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• Subset weighting improves 400

this error
• PIB exists only when the shape 200

function is undermatched and
varies with choice of shape
function
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PIB in stereo-DIC
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• Lastly, PIB occurs for all implementations of DIC
due to the ubiquity of intensity patterns and
undermatched shape functions.

0
Z-location (pixel)

0.13

i


