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Probabilistic model-based time-series forecasting neural networks and related
applications to biosignal forecasting
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We proposed mathematical models that can represent biological signals, which

are electrical signals that can be measured from the human body, and applied them to the analysis
of actual data. For example, we modeled myoelectric signals, which are electrical signals of
muscles, and applied them to the analysis of muscle strength. We also proposed models for
electrocardiogram and electroencephalogram and applied them to signal classification. Furthermore,
we developed neural networks based on probabilistic models, and applied them to data classification
and time series forecasting. In addition, we constructed large medical datasets such as biological
signals of a pregnant woman called cardiotocography and endoscopic images, and applied them to fetal

condition prediction and organ classification.



Henriques and Rocha, 2009

NN NN
NN
1) (2)
(3) Sparse Bayesian learning, (4)
NN NN
6
|
{ Variance distribution
1 i parameters g&rgnoeof H EMG
g‘;ﬁ’:\‘; — Gaussian distribution Variance o*
[ ] ‘&
- Akira Furui, Hideaki Hayashi, and Toshio =
Tsuji, Scale Mixture-based Stochastic Model oo
of Surface EMG Signals with Variable ==
Variances, IEEE Transactions on Biomedical 1
Engineering (IF=4.491), Vol. 66, No. 10, pp. ’

2780-2788, DOI: 10.1109/TBME.2019.2895683, October 2019.

Generative Adversarial Networks (GANSs) data augmentation
GANs



[ ]

- Shota Harada, Hideaki Hayashi, Seiichi Uchida, Biosignal Generation and Latent Variable
Analysis with Recurrent Generative Adversarial Networks, IEEE Access (IF=4.098), Vol. 7,
pp. 144292-144302, DOI: 10.1109/ACCESS.2019.2934928, August 2019.

- Shota Harada, Hideaki Hayashi, Seiichi Uchida

Biosignal Data Augmentation Based on Generative Adversarial Networks

Proceedings of 40th Annual International Conference of the IEEE Engineering in Medicine
and Biology Society (EMBC 2018), pp. 368-371, Honolulu, Hawaii, July, 17-21, 2018 (Poster
presentation).

[ NN

Input image Trainable kemels Output features

NN NN

segmentation — A
[ ]

- Hideaki Hayashi and Seiichi Uchida, A 2. NN
Trainable Multiplication Layer for Auto-

correlation and Co-occurrence Extraction, Proceedings of the 14th Asian Conference on
Computer Vision (ACCV 2018), Perth, Australia, December, 2-6, 2018 (Poster presentation,
acceptance rate: 28%).

- Joonho Lee, Hideaki Hayashi, Wataru Ohyama, and Seiichi Uchida, Page Segmentation
using a Convolutional Neural Network with Trainable Co-occurrence Features, Proceedings
of the 15th International Conference on Document Analysis and Recognition (ICDAR 2019),
pp. 1023-1028, Sydney, Australia, September 20-25, 2019 (Oral presentation).

[ NN
NN poo 1=15 : ...‘r_:(b - =25 e =30
NN 4
(a) Correct class: ‘2’
2 ¢ )I— 15 ¢ ’1_20 ¢ =25 ¢ =30
[ ] lb) Correct class: ‘3’
- Masaki Yamagata, Hideaki Hayashi, and
Seiichi Uchida, Handwriting Prediction 3. NN
Considering Inter-Class Bifurcation

Structures, Proceedings of the 17th International Conference on Frontiers of Handwriting
Recognition (ICFHR 2020), Virtual Conference due to COVID-19, September 7-10, 2020.

Sparse Bayesian learning Sparse
Bayesian learning



- Hideaki Hayashi and Seiichi Uchida, A Discriminative Gaussian Mixture Model with
Sparsity, Proceedings of the 9th International Conference on Learning Representations
(ICLR 2021), Virtual Conference due to COVID-19, May 4-8, 2021 (Accepted as a poseter
presentation, acceptance rate: 29%).

16 1.6 \ ' 16 \ | 16 '
\ I \ | \ !
14 1.4 \ | 14 \ I 14 \ ’
12 12 \ ! 12 \ I 12 A\ ]
10 1.0 \ dia 1.0 \ r 10 \ !
! \ ! \ ,
0.8 0.8 % 0.8 \ 5 0.8 \ .
v 3 'C0 g
0.6 0.6 oo 0.6 °(‘:a(° 2 0.6 G 8 )
04 04 04 ° PP oN_ (B NgAR 04 o el Pl
o o8 o f \,
0.2 02 0.2 o ;?ﬁ B 0.2 %ég" o 2N
0 0 X 0 e SR 0 o R0y %
02 -02 N 02 °I -0.2 o ° N
15 <10 05 0 05 1.0 15 <10 05 0 05 1.0 5 <10 05 0 05 10
(b) 100 epochs (c) 200 epochs (d) 250 epochs

4. Sparse Bayesian learning

|
Cardiotocography
3000
[ ]
Cardiotocogram MI12019-14

2019 5 24

- Ryoma Bise, Kentaro Abe, Hideaki Hayashi, Kiyohito Tanaka, and Seiichi Uchida, Efficient
- Soft-Constrained Clustering for Group-Based Labeling, Proceedings of the 22nd
International Conference on Medical Image Computing and Computer Assisted Intervention
(MICCAI 2019), Shenzhen, China, October 13-17, 2019 (Poster presentation).

- Shota Harada, Hideaki Hayashi, Ryoma Bise, Kiyohito Tanaka, Qier Meng, and Seiichi
Uchida, Endoscopic Image Clustering with Temporal Ordering Information Based on
Dynamic Programming, Proceedings of the 41st International Engineering in Medicine and
Biology Conference (EMBC2019), pp. 3681-3684, Berlin, Germany, July 23-27, 2019 (Oral
presentation).



5 5 1 3

Toshio Tsuji, Shota Nakashima, Hideaki Hayashi, Zu Soh, Akira Furui, Taro Shibanoki, Keisuke 10

Shima, Koji Shimatani

Markerless Measurement and Evaluation of General Movements in Infants Scientific Reports 2020

Scientific Reports 1422
DOl

10.1038/s41598-020-57580-z

Changhee Han, Leonardo Rundo, Ryosuke Araki, Yudai Nagano, Yujiro Furukawa, Giancarlo Mauri, 7

Hideki Nakayama, Hideaki Hayashi

Combining Noise-to-Image and Image-to-Image GANs: Brain MR Image Augmentation for Tumor 2019

Detection

IEEE Access

156966-156977

DOl
10.1109/ACCESS.2019.2947606

Shota Harada, Hideaki Hayashi, Seiichi Uchida

Biosignal Generation and Latent Variable Analysis with Recurrent Generative Adversarial
Networks

2019

IEEE Access

144292-144302

DOl
10.1109/ACCESS.2019.2934928

Hideaki Hayashi, Kohtaro Abe, Seiichi Uchida 186
GlyphGAN: Style-Consistent Font Generation Based on Generative Adversarial Networks 2019
Knowledge-Based Systems 104927

DOl
10.1016/j . knosys.2019.104927




Akira Furui, Hideaki Hayashi, and Toshio Tsuji 66

Scale Mixture-based Stochastic Model of Surface EMG Signals with Variable Variances 2019
IEEE Transactions on Biomedical Engineering 2780-2788
DOl

10.1109/TBME.2019.2895683

26 0 12

Shohei Kubota, Hideaki Hayashi, Tomohiro Hayase, Seiichi Uchida

Layer-Wise Interpretation of Deep Neural Networks Using ldentity Initialization

International Conference on Acoustics, Speech, and Signal Processing (ICASSP 2021)

2021

Hideaki Hayashi and Seiichi Uchida

A Discriminative Gaussian Mixture Model with Sparsity

International Conference on Learning Representations (ICLR 2021)

2021

Takato Otsuzuki, Hideaki Hayashi, Yuchen Zheng, Seiichi Uchida

Regularized Pooling

International Conference on Artificial Neural Networks (ICANN 2020)

2020




Masaki Yamagata, Hideaki Hayashi, and Seiichi Uchida

Handwriting Prediction Considering Inter-Class Bifurcation Structures

International Conference on Frontiers of Handwriting Recognition (ICFHR 2020)

2020

2020

Zheng Yuchen

2020

2020




(MIRV)

2020

(MIRV)

2020

Masaki Yamagata, Hideaki Hayashi, Seiichi Uchida

Class-Guided Handwriting Prediction with Uncertainty

(MIRV)

2020

Ryoma Bise, Kentaro Abe, Hideaki Hayashi, Kiyohito Tanaka, and Seiichi Uchida

Efficient Soft-Constrained Clustering for Group-Based Labeling

The 22nd International Conference on Medical Image Computing and Computer Assisted Intervention (MICCAI 2019)

2019




Taichi Sumi, Brian Kenji lwana, Hideaki Hayashi, and Seiichi Uchida

Modality Conversion of Handwritten Patterns by Cross Variational Autoencoders

The 15th International Conference on Document Analysis and Recognition (ICDAR 2019)

2019

Joonho Lee, Hideaki Hayashi, Wataru Ohyama, and Seiichi Uchida

Page Segmentation using a Convolutional Neural Network with Trainable Co-occurrence Features

The 15th International Conference on Document Analysis and Recognition (ICDAR 2019)

2019

Shota Harada, Hideaki Hayashi, Ryoma Bise, Kiyohito Tanaka, Qier Meng, and Seiichi Uchida

Endoscopic Image Clustering with Temporal Ordering Information Based on Dynamic Programming

The 41st International Engineering in Medicine and Biology Conference (EMBC2019)

2019

2020




Cardiotocogram

2019

2018

Hideaki Hayashi and Seiichi Uchida

A Trainable Multiplication Layer for Auto-correlation and Co-occurrence Extraction

14th Asian Conference on Computer Vision

2018

Joonho Lee, Hideaki Hayashi, Seiichi Uchida

A Multiplication Layer for Sequence Data

2018




Hideaki Hayashi and Seiichi Uchida

A Trainable Multiplication Layer

2018

Hideaki Hayashi and Seiichi Uchida

A Trainable Multiplication Layer and its Applications

14th Joint Workshop on Machine Perception and Robotics

2018

Shota Harada, Hideaki Hayashi, Seiichi Uchida

Biosignal Data Augmentation Based on Generative Adversarial Networks

The 40th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC*18)

2018

Hideaki Hayashi

A Probabilistic Model-based Neural Network

The 13th Joint Workshop on Machine Perception and Robotics (MPR 2017)

2017




Generative Adversarial Networks

2017

Johnson

2017

Hideaki Hayashi and Toshio Tsuji

A Time-series Discriminant Component Network

20 (MIRU2017)

2017

Changhee Han, Leonardo Rundo, Ryosuke Araki, Yujiro Furukawa, Giancarlo Mauri, Hideki Nakayama, 2020
and Hideaki Hayashi

Springer 521

Infinite Brain MR Images: PGGAN-based Data Augmentation for Tumor Detection. In Neural
Approaches to Dynamics of Signal Exchanges, (Eds. by A. Esposito, M. Faundez-Zanuy, F.C.
Morabito, and E. Pasero)







