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Abstract

In this paper, we propose a displacement measurement method based on deep learning using image

data obtained from tensile tests of a material specimen. We focus on the fact that the sequential

images during the tension are generated and the displacement of the specimen is represented in the

image data. So, we designed sample generation model which makes sequential images of specimen.

The behavior of generated images are similar to the real specimen images under tensile force. Using

generated images, we trained and validated our model. In the deep neural network, sequential images

are assigned to a multi—channel input to train the network. The multi-channel images are composed

of sequential images obtained along the time domain. As a result, the neural network learns the

temporal information as the images express the correlation with each other along the time domain. In

order to verify the proposed method, we conducted experiments by comparing the deformation

measuring performance of the neural network changing the displacement range of images.

» Keyword: Deep learning, Convolutional LSTM, Displacement measurement, Tensile test and Image processing

, Sequential images, Regression model
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[1l. The Proposed Scheme

2.1 Sample generation

2.1.1 Principle of image sample generation using
affine transformation
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Fig. 1. Method for creating sequential image samples

using affined transformation.
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Fig. 2. Left: Difference images between real images, Right:
Difference images between affine transformed images.

2.1.2 Image sample generation
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2.2 Convolutional LSTM neural network and Model
design

2.2.1 Principle of Comnvolutional LSTM model

AEFA 7] 719 ABEe] 71EAR] A =

A7 7] 719 278t frAkeict e

25 Bl FukEe] Acel) = o] F

&5 olel e fejulet ghe

o] & A Hdr] 719

= ohd
7o) 22 e gkl
CRERSLIBED

714 71&

o},
Helato] WEjs) We
4l

H, G

Hr—n Cl—i

Fig. 3. Internal structure of Convolutional LSTM model.
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Fig. 4. Convolutional LSTM-based regression model for
transformation parameters.

V. Experiment and Results
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Table 1. Regression results of convolutional LSTM model
according to the range of translation parameters
RMSE(pizel) errorrate(%)
absolute (t,.t,) | t, t, t, t,
[0.0,1.0) 0.3000 0.3005 2.9 3.0
[1.0,2.0) 0.3122 0.2909 3.0 2.9
[2.0,3.0) 0.2847 0.2852 2.8 2.9
[3.0,4.0) 0.2750 0.2623 2.7 2.6
[4.0,5.0) 0.2448 0.2520 2.4 2.6
[5.0,6.0) 0.2545 0.2518 2.5 2.5
[6.0,7.0) 0.2540 0.2594 2.5 2.6
[7.0,8.0) 0.1853 0.1905 1.9 1.9
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V. Conclusions
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