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Figure 2: (a) Original sample image as seen by the camera (b) Region of Interest (ROI) mask applied to the
original image (c) New sample set with same sample but different background color (d) Result from the edge
detection algorithm. The edges are much more accurate with the use of a darker background than with the
background in Fig. 2a.

Figure 3: Grid overlay for strain analysis. The red lines indicate the maximum dimension in each direction. The
measured lines are compared to the initial length lines of the sample to calculate strain.



Figure 4: (a) Contrast enhanced image of basic motion detection with a lot of background noise present. (b)
Improved motion detection obtained by applying a noise filter and thresholding algorithm to difference matrix.

matrix di. In addition to that, thresholding the difference matrix to remove the remaining noise will reveal
the true motion.” The squared difference matrix (dy)? ensures that negative values (differences) will become
positive and makes them subject to thresholding with a positive constant. Thresholding the difference matrix
di[n] classifies a point n as either moving (M) or stationary (S) and can mathematically be expressed as

diln] = o. (2)
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Fig. 4a shows the result from applying basic motion detection (1) to a set of two consecutive images from our
sample set. Background noise is dominant in Fig. 4a, making it impossible to detect which part of the sample
actually moved. Also, the whole sample is visible in the visualized difference matrix, indicating that there is a
lot of jitter on the sample surface. An ideal value for the threshold o was found empirically by slowly increasing
o until no motion due to background noise was observed. The result, as shown in Fig. 4b, is satisfying and was
achieved with ¢ = 3500. The visible triangular part of the sample is the part that moved due to twin boundary
motion. Furthermore, the slanted side (at an angle of approximately 45° relative to the z axis) indicates the
location of a twin boundary, which is the twin boundary closest to the stationary sample holder.

From Fig. 4b we can deduce that the location and orientation of a single twin boundary can be found by
performing motion detection and applying a least squares fit through the slanted side that is not part of the
sample’s edges. However, it is possible that multiple twin boundaries move through the sample simultaneously.
In this case, we need to extract more information from the difference matrix di. This can be done with the
Hough transform line extraction technique. Based on the parametric line equation

p = zcos(8) + ysin(h), (3)

the Hough transform finds all p and 6 line parameters for all possible lines between any two points. The
parameters that occur most frequently indicate a high probability that lines are present.'® Depending on the
arrangement of the points that were classified as moving, one might argue that the detected lines are simply due
to a coincidental allignment of these points and do not depict the presence of a twin boundary. However, when
looking at the Hough accumulator plot in Fig. 5a, showing all line parameters that were found for an individual
frame, one can see three peaks at an angle of 45°, one at 0°, and one at approximately 90° marked with black
boxes. The curves show where line parameters were found in the p and 0 space and the peaks indicate the
presence of a line. The three peaks at 45° are due to twin boundary movement and the remaining peaks (0°,
90°) due to the sample’s edges. In NisMnGa, twin boundaries are of the {101} type and are inclined at an angle
of approximately 45° relative to the horizontal sample axis. We can therefore conclude that the lines found at
45° are not caused by coincidental allignment and are in fact twin boundaries. We underline this hypothesis
further with Fig. 5b, which shows a 3D Hough accumulator plot. A distinct crest at 45° is seen and is only
present during twin boundary movement. With this clear distinction between twin boundaries and any other
detected linear artifacts, we can setup a filter that will only consider lines that fit the twin boundary criteria for
this material.
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Figure 5: (a) Plot of Hough transformation accumulator. Peaks marked with black boxes indicate the location
of a detected line. (b) 3D surface plot of Hough transformation accumulator. The peaks clearly indicate lines at
0°, 45°, and 90°.
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Figure 6: (a) Strain analysis results. The strain vs. field angle reveals deformation events. (b) Twin boundary
detection results. The detected twin boundaries are drawn as white lines and the orientation of the magnetic
field is indicated by a green line.

6. RESULTS

The proposed procedure was applied to a sequence of images obtained by rotating an MSMA in a magnetic field
from 0° to 360°. High resolution images were taken at a 5° interval. Fig. 6a shows the final result from the
strain analysis with the maximum strain plotted against the angle of the magnetic field. The sample undergoes
four shape changes from elongated along the z direction (at 0°) to compressed along the z direction and back.
The transitions occur sharply at the field angles 55°, 150°, 230°, and 330°. The maximum strain option was
used on purpose to show that the maximum strain of the sample is indeed within the expected range of less
than 10%. When the strain was averaged over the entire grid (see section 4), the lines were smoother with no
dips. Fig. 6a shows that deformation occurs in a narrow angular range and implies that tracking twin boundary
motion requires a smaller rotational step size than the 5° step size employed in this study.

Fig. 6b shows the location of the detected twin boundaries on the captured image, depicted as white lines.
The three twin boundaries correspond to the three peaks at 45° in Fig. 5a. Together Figs. 6a and 5a show
which twin boundaries caused the majority of MFIS (plastic deformation). This will also help to get a better
understanding of which areas of the sample facilitate twin boundary movement and which hinder them, possibly
due to constaints from the sample holder.!! The orientation of the magnetic field is shown in Fig. 6b as a green
line, which is an important piece of information when characterizing twin boundary motion.

7. CONCLUSION

An image processing algorithm was developed to provide an experimental procedure for the automated detection
of strain and twin boundary motion in MSMAs. A global threshold separates the sample from its background
to extract the sample boundary. Based on this information, strain can be calculated in two dimensions for each
frame of the image sequence. Using motion detection and the Hough transformation, moving twin boundaries
were detected and superimposed on the original image. Although Matlab was used for the implementation of the
proposed algorithm, any other platform can be used to perform strain and twin boundary analysis on MSMAs.

The experimental setup is required to have a dark background so that the thresholding algorithm can eas-
ily distinguish between the brighter sample and the darker background. Also, lighting should be adjusted to
maximize contrast and reduce glare on the metallic sample surface. This study also showed that the increments
at which images are taken have to be less than 5° to increase spatial resolution and to get more accurate twin
boundary tracking results. It was found that the proposed algorithm was able to detect multiple twin boundaries,
but reported them at incorrect locations when a high rotational step size (lower angular resolution) was used.
This is probably due to the possibility that additional twin boundaries start to move between the two positions
where pictures were taken and move past the starting position of the next twin boundary. It is impossible for
the motion detection algorithm to correctly detect the difference between the images if a twin boundary jumps



over the starting position of the next twin boundary. This can be avoided with a low rotational step size and
ensures that twin boundaries are tracked more accurately.
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