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Image Registration Digital Image Correlation

Effect of radiation treatment on tumor near neck region

Before treatment After treatment Difference

Wang et al., 2005

1. Can we use it to map strain?
2. How accurate can this be?
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The moving image (M) on a deformable grid diffuses through the semi-permeable
boundaries (static contours) of the fixed image (F) by the action of effectors (demons)
along the boundaries.

Thirion, 1995
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Assumptions:
1. Small displacement Fixed image(f): deformed image
2. Intensity of moving image is constant with time Moving image(m): undeformed image

I, moving deformed Iy fixed
1. Optical flow equation:

u- VIf(x, y) = I, (x,y) — If(X,Y)

2. Modified displacement field equation:

(I (x, ) — I G, )] VI (%, 9)
VI (2, 9)? + [In(x,y) — I, )]

u=

Thirion, 1995 Zhu et al, 2020

4
Simoncelli et al., 1991
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Iterative Algorithm:

1. Pre-compute the demons <—— one demon per pixel

Yy
2. Compute the u between T,(M) and F

'

3. Compute theT,,, from T.and u

Final transform T to map moving image M space towards fixed image space F (i.e. T(M)—F)

T;(M) = T;_1(M) + u;(M)

What about large deformation?
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Down-sample the image -> deformation information from a larger field of view!
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Savitzky-Golay Filter

Kostelec et al, 1998
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Displacement Gradient Terms:

é)lLX’ CoN 1 . 1. i 1 1.7
—x G =5+ 1) —u G -1,

2D-Deformation Gradient Tensor:

ox Ox oX+u,) 0X+u,) L4 ou, ou,
F= <0X 6Y> _ 0X aY ( 0X Y )

dy dy oY +u,) oY +uy) |
X oY 0X oY

Green-Lagrange Strain Tensor:

1 Eye E
E==FT-F-D=(."
2 Eyx Eyy
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Histogram Matching Filter
& Anisotropic Diffusion Filter
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Warping \_ Multiresolution Image Registration
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u E
/ measured: “measured Yy

Applying an in-plane elastic stretch
Zhu et al, 2020 ’
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(a) Iterations=1 (b) Iterations=10 (c) lerations=20 (d) Iterations=30 (e) Iterations=40

Number of pyramid level=8
SG-filter size: 21 by 21
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Number of pyramid level=8 * Size of SG Filter~ 21 by 21
Number of Iterations=40  SG filter affects the precision
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Image registration approach slightly underestimates the expected Green-Lagrange strain
probably due to out-of-surface displacement caused by significant rotation of grains.
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Three Point Bending Three Point Bending (Video)

> X Green-Lagrange Strain
E
0.12 XX 0.05 Xy 0.04
v 0.1
Y - 0

-0.02 &
-0.06 B

-0.04 -0.05

10/31/2020 17



UCSan Diego

JACOBS SCHOOL OF ENGINEERING
NanoEngineering

Experimental Validation: Bending Test

NanoEngineering
Materials Research Center

(8) os

-0.07

Probability
o
o

o
-

o
o N
i} o

o
o
a

10/31/2020 D sios

0.05
Strain

0.1

Probability

0.2

o
-
(9]

o
PN

0.05

registration
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* Multiresolution image registration approach is an effective method to
map large surface strain.

* A good starting point for the variables in the registration could be: 8
pyramid level, 40 iterations and SG filter size 21 by 21.

* Percentage error in the measured Green-Lagrange strain tensor
components <0.035%.

* Validation with tensile test and bending test showed good agreement
with extensometer and DIC calculation respectively.

Zhu, C., Wang, H., Kaufmann, K. and Vecchio, K.S., 2020. A computer vision approach to study surface
deformation of materials. Measurement Science and Technology, 31(5), p.055602.

zchaoyi@andrew.cmu.edu
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Open source 20-DIC MATLAB software

RBDIC - Contiguous Circular Subsets - Biquintic B-Spline Interpolation -
Inverse Compositional Image Alignment - Mex - OpenMP

The strain error obtained using

" image registration is similar to
the performance of DIC (Ncorr).
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