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Visualization of Deep Feature Representation Toward Transfer
Learning of Activity Recognition Models
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Abstract: Transfer learning using neural networks has been attracting attentionin in the activity recognition
research field. Transfer learning can reduce the amount of required training data by leveraging existing large
datasets. However, it is difficult to find a dataset collected under the same sensor conditions as the target
environment due to problems such as the difference in assumed activity classes, making it difficult to apply
transfer learning. In this study, we propose a method to visualize/generate features extracted by a activity
recognition neural network and to recommend a source dataset based on the visualization technique. In this
study, we first try to apply Activation Maximization (AM), a visualization method for images, to activity
recognition models. When the AM methods developed for the image signal is applied to acceleration signal,
which is the input of the activity recognition model, the generated signals contain noises and outliers. In
this study, we propose a regularization method that is more tailored activity recognition models in order to
suppress this problem. We also applied the proposed visualization method to recommend a source dataset
for transfer learning that is suitable for a given environment, and confirmed the effectiveness of the method
using six datasets.
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Fig. 1 Network architecture used in the experiment: “Conv”,

“BN” and “FC” represent the convolutional layer, the
batch normalization and the full-connected layer, re-

spectively.

1R 7L OB

Table 1 Recognition performance for each dataset.
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Fig. 2 Example of generated signals by different regularization methods. The horizon-
tal axis shows the sample index. The background histogram and right vertical
axes show the activation values of the corresponding samples.
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Fig. 3 Example of signals generated by the proposed method.
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Fig. 4 Result of quantitative analysis by MSE-AM.
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Fig. 5 Signals generated by the proposed method (blue sig-
nals) and their most similar training segments (orange
signals); the corresponding activation values are shown
in the lower panels. The first dotted line “th” is the
threshold value of the EAP. The second dotted line
“90%” indicates the 90th percentile of the distribution
of activation values for the corresponding unit when

feeding all the training data.
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Table 2 Evaluation of the source dataset recommendation.
FHfifEHE | Proposed (MSE-AM)  «/-distance
MSE 2.48 4.151 4.000

Random
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Table 3 Decrease in F-measure (average and worst) when us-
ing the highest ranked recommendation: Results with

smaller decrease are shown in bold.

- e F: DSADS MEHALTH PAMAP2 REALDISP
- Proposed 0.028 0.074 0.015 0.053
~| o7-distacnce| 0.023 0.029 0.027 0.077
o s | PrOPOsed 0.081 0.125 0.057 0.103
5 -distance | 0.093 0.173 0.083 0.185
(1) vs A-distance (2) vs Worst Case
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Fig. 6 Comparison of decrease in F-measures: (1) comparison
between the first place of the proposed method and that
of «7-distance, (2) comparison between the first place of
the proposed method and the lowest F-measure among

the candidates.
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