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Simultaneous Estimation of Discount Factor and Reward Function in Inverse Reinforcement

Learning

* T. Kunimoto, R. Funaki, and J. Murata (Kyushu University)

Abstract—

When estimating the reward function in inverse reinforcement learning, the value of

discount factor is necessary and is usually assumed to be known, but it is not usually known. When
multiple individuals behave in the same environment, the reward function is associated with the en-
vironment and is constant regardless of the individual, so in order to understand the behavior of each
individual, it is necessary to estimate the discount factor that represents individual differences in ad-
dition to the reward function. In this paper, we propose a method to simultaneously estimate the re-
ward function and the discount factor using the optimal policies of multiple individuals.
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discount factor
policyl 0.1
policy2 0.2
Environment 1 policy3 0.3,0.4,05
policy4 0.6
policy5 0.7,0.8,0.9
policy6 0.1
Environment 2 policy7 0.2,0.3,0.4
policy8 0.5, 0.6
policy9 0.7, 0.8, 0.9
policy10 0.1, 0.2
Environment 3 | policyl1 03,04
policy12 | 0.5, 0.6, 0.7, 0.8, 0.9

Table 1: Correspondence between discount factor and
policy
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Improving the performance of CNNs through transfer learning: A BMI application

* R. Takahashi, S. Sugiyama, E. Petoku, A. Shirai and G. Capi (Hosei University)

Abstract— Recently, research on the field of Brain Machine Interface (BMI) for Motor Imagery (MI)
tasks is very active. Various methods have been studied over the years, but with the recent improve-
ments in deep learning technology, methods such as Convolutional Neural Networks (CNNs) have
shown good results. However, while CNNs can achieve high accuracy, they have the disadvantage of a
long training time. In this paper, we propose a transfer learning method for CNNss to reduce the learning

time without deteriorating the classification accuracy.

Key Words: Brain Machine Interface (BMI), Convolutional Neural Network (CNN), Transfer Learning
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Driving EEG Analysis Focusing on Neural Interactions Enhanced by Driving
Experience

«M.Tsurushima and S.Nobukawa (Chiba Institute of Technology), N.Wagatsuma (Toho
University), K.Inagaki(Chubu University)

Abstract— The estimation of driving proficiency is an important factor for the further development of
advanced driver assistance systems. In this study, we used phase lag inedex (PLI) with fine spatio-temporal
resolution to evaluate the functional connectivity during driving and compared PLI’s between beginners and
experts groups. The results showed that the functional connectivity of the gamma band was significantly
enhanced in the expert group. The results showed that the functional connectivity of the gamma band was
significantly increased in the expert group. Therefore, the PLI is suitable for estimating the level of driving

skill.

Key Words: EEG, function connectivity, Driving experience
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Fig. 1: Arrangement of electrodes
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Table 1: Results of repeated-measures ANOVA of relative power analysis comparing beginner and expert groups
in each frequency band. For clarity, comparisons with p < 0.05 are shown in bold.

Frequency band

Group effect

Group X node

delta F=1.042,p=0.321 F =1.216,p = 0309
theta F=1452,p=0.262 F =0.515,p=10.136
alpha F =6.806,p=0.018 F =1.643,p=0.147
beta F=5621,p=0.029 F =1.829,p=0.111
gamma F=6.541,p=0.008 F =0.871,p = 0.580

Table 2: Results of repeated-measures ANOVA of PLI node degree comparing beginner and expert groups in
each frequency band. For clarity, comparisons with p < 0.05 are shown in bold.
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Fig. 2: Scatter plots showing the relative power calculated in the alpha band in beginner and expert subjects.
Electrodes with significant, high differences between groups as a result of the post-hoc t test are represented.
Positive (negative) t values correspond to larger (smaller) relative power values in the expert group.
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Fig. 3: Scatter plots showing the relative power calculated in the beta band in beginner and expert subjects.
Electrodes with significant, high differences between groups as a result of the post-hoc ¢ test are represented.
Positive (negative) t values correspond to larger (smaller) relative power values in the expert group.
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Electrodes with significant, high differences between groups as a result of the post-hoc ¢ test are represented.
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Application of Chaotic Resonance Control to a Frontal Cortex
Neural Model of Bipolar-disorder

«H. Doho (Kochi University)
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H. Nishimura (University of Hyogo) and N. Wagatsuma (Toho University)

Abstract— Fluctuations in nonlinear systems can enhance the synchronization with weak input signals.
Chaotic resonance (CR) is one of such phenomena by a system-intrinsic chaotic fluctuation. CR is observed
in systems with chaos-chaos intermittency (CCI) where the chaotic orbit appears between separate regions.
Based on the characteristics of CR, we previously proposed a new method for controlling the chaotic state
to an appropriate state of CR by adopting a feedback signal from the system itself. The method is named
reduced-region-of-orbit (RRO) feedback method. The RRO feedback method has been applied to discrete
and continuous time chaotic systems, and confirmed the versatility. Moreover, we applied the RRO feedback
method in an intervention to facilitate the disturbed circadian rhythm transitions underlying bipolar-disorder
to healthy periodic activity, based on a neural system model of the frontal and sensory cortical areas proposed
by Hadaeghi et al. In this study, we further examined the responsiveness of CCI to a weak periodic signal
extending the parameter regions of the system. As a result, we confirmed the effectiveness of the RRO
feedback method for stabilizing the neural activity of bipolar-disorder model in wide range of the parameters.
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A Behavioral Model of Pedestrians at Crosswalk
Constructed from Image Sequence

T. Sakai, xT. Isokawa, and N. Kamiura (University of Hyogo)

Abstract— A behavioral model for pedestrians at crosswalk is presented in this paper, in order to implement

it in simulating transport systems.

The proposed model is a type of state transition system, in which

pedestrians make decisions their own behavior based on their sensory inputs and their destinations. The
model is constructed from sequences of pedestrian images obtained by the behavioral experiments. It is
shown that constructed pedestrian model works in crossing road.

Key Words: pedestrian, state transition system, behavioral model
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Fig. 7: An example of a trajectory of a pedestrian
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Fig. 10: A generated output from a pedestrian model,
where a pedestrian is at a single tracked road without
crosswalk mark, traffic signal, and coming car
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A Study of Graph Convolutional Spiking Neural Network for
Human Motion Time Series Data Analysis

«D. Miki, K. Kamitsuma and T. Matsunaga (Chiba Institute of Technoloy)

Abstract— An increasing number of low-power neuromorphic chips based on spiking neural networks (SNNs)
have been developed recently, and it is expected to be applied in the fields of computer vision and gesture

recognition.

In this study, we confirmed that the SNN model for analyzing time series data on human

motions can be trained using the surrogate gradient learning. Furthermore, we verified that the classification
accuracy of human motion time series data can be enhanced by using SNNs with a structure that recursively

performs spatial graph convolution.

Key Words:
gesture recognition
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Fig. 1: (a) Evaluation data belonging to the class
“Swipe X(2)”, (b) Spikes generated in the input layer.
(c) Spikes generated in the output layer. (d) Esti-
mated gesture
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Fig. 2: Confusion matrix on DHG14/28 dataset.

Table 1: Comparison of classification accuracy on
DHG14/28 dataset.
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Methods Params  Accuracy(%)
ST-GCN (ANN) 9 3.07M 92.1
C-SNN (SNN) 115k 73.3
GC-SNN (SNN) 101k 78.3

5 &hHDIC

AL TIENEEICEE S 2 K857 — X 2§
%7:9®D SNN B XU ZDFEFHRICEHT 205 %21T-
7. CONN Z721% GCN #iE% D SNN I L, RE
HEE AW REVREEERHWEB Ik ) 2he
NDEAHNT XA =R EFH U7 FHEEOFETIE
ANN IR0 b D D NVIEIERRNT N D8 F R REMEDS

BENI=. X512, C-SNN HE 2R T GC-SNN
EHWS Z L TEAEE DR EBAEETH o2 D
5, BERBENA ST X —RFITHRF ORI H
D, BINEEEZ XS M ETE30[EEDH 5. KT
TTRKoT2T—RIIBREHE—Y a v F v 7 F v R
o a2z ZzDEE SNNAAHL, SNN D
[EBNDBEZ B ZIZASAL 7 2E BB
HEERRHALED, ARVIIXIZEDIIRTNAL R
MOELENDE AR, I RE—VEERNITELZ XS
WKHRZITS 2 b5 BOFEDOO L ODTH L. 5
WELLED SNN OiGEE X 0B HIEOBET E, 284
TNRR—MEBEWMA D XD ICHBICHDHATHL.

BE R
1) M. Liu, H. Liu, and C. Chen. Enhanced skeleton visu-
alization for view invariant human action recognition,
Pattern Recognition, Vol. 68, pp. 346-362, 2017

Y. Du, W. Wang, and L. Wang. Hierarchical recurrent
neural network for skeleton based action recognition,
Proceedings of the IEEE Conference on Computer Vi-
sion and Pattern Recognition, pp.1110-1118, 2015.

J. Liu, G. Wang, L.-Y. Duan, K. Abdiyeva, and
A. C. Kot, Skeleton-Based Human Action Recogni-
tion With Global Context-Aware Attention LSTM
Networks, IEEE Transactions on Image Processing,
Vol.27, No.4, pp.1586-1599, 2018.

S. Yan, Y. Xiong, D. Lin, Spatial temporal graph con-
volutional networks for skeleton-based action recog-

2)



5)

10)

11)

12)

nition, Proceedings of the 32nd AAAT Conference on
Artificial Intelligence, pp.7444-7452, 2018.

C. Li, Z. Cui, W. Zheng, C. Xu, and J. Yang, Spa-
tiotemporal graph convolution for skeleton based ac-
tion recognition, Proceedings of the 32nd AAAT Con-
ference on Artificial Intelligence, pp.3482-3489, 2018.

M. Li, S. Chen, X. Chen, Y/ Zhang, Y. Wang, and Q.
Tian. Actional-Structural Graph Convolutional Net-
works for Skeleton-Based Action Recognition, Pro-
ceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition, pp.3590-3598, 2019.

C. Si, W. Chen, W. Wang, L. Wang, and T. Tan,
An Attention Enhanced Graph Convolutional LSTM
Network for Skeleton-Based Action Recognition, Pro-
ceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition, pp.1227-1236, 2019.

William B Levy and Victoria G Calvert. Computa-
tion in the human cerebral cortex uses less than 0.2
watts yetthis great expense is optimal when consider-
ing communication costs BioRxiv, 2020.

S.R. Kheradpisheh, M. Ganjtabesh, and T. Masque-
lier, ”Bio-inspired unsupervised learning of visual fea-
tures leads to robust invariant objectrecognition,”
Neurocomputing, vol. 205, pp. 382-392, 2016.

J. K. Eshraghian, M. Ward, E. Neftci, X. Wang,
G. Lenz, G. Dwivedi, M. Bennamoun, D. S. Jeong
and W. D. Lu, Training spiking neural networks
using lessons from deep learning, arXiv preprint
arXiv:1906.09395, 2021

E. O. Neftci, H. Mostafa, and F. Zenke, Surrogate gra-
dient learning in spiking neural networks: Bringing
the power of gradient-based optimization to spiking
neural networks, IEEE Signal Processing Magazine,
Vol.36, No.6, pp.51-63, 2019.

Q. D. Smedt, H. Wannous, J.-P. Vandeborre,
Skeleton-Based Dynamic Hand Gesture Recognition,
Proceedings of the IEEE Conference on Computer Vi-
sion and Pattern Recognition Workshops, 2016

27



HMIREE S ICED { REREDHETIMRMNF A

OMIR
(" SRR R

AN BRJICBRER T AP RS AR 2 BRoK MBE? b AR

? R &Y = —Fbib)

An Anomaly Detection Scheme in Mechanical Vibration Signal

*R. Waki!, T. Isokawa!, T. Itami', N. Matsui!, K. Morinaga?, N. Kamiura!
(* University of Hyogo 2?Sunny Giken, Inc.)

Abstract— Anomaly detection, i.e., when a manufacturing equipment breaks down in near future, is an
important and challenging task for the factories with a number of such equipment. This paper presents a
method for evaluating the degree of anomaly from sensory signals for mechanical vibration. It is based on
calculation of normality with respect to the distribution of sensory signals. It is shown that the proposed
method works for the vibration signals from a miniature carrier machine.
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Representational Gesture Acquisition Based on Joint Attention Behaviors

in Human-Robot Interaction
* K. Takizawa and T. Obo (Tokyo Polytechnic University)

Abstract—

In this study, we present a method of robot's gesture acquisition based on imitative learning in

Human-Robot InteractionVarious types of communication robots have been developed and become more fa-
miliar with us. Human-like conversation with gestures and verbal cues makes a contribution to provide more
natural communication. Pointing gesture and representational Gesture are important measures to share own
cognitive environment with others. We therefore propose a method for extracting a spaciotemporal patterns of
gesture movements performed by a person and generating motion patterns for a communication robot.
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(@) Triangle

(b) Circle

(e) Gourd-shaped
Fig. 4: Gesture patterns in Experiment.

Table 1: Number of samples in each gesture pattern.

Dataset # of samples
Triangle 174
Circle 177
Box 211
Heart 138
Gourd-shaped 198
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(b) Proposed method
Fig. 5: A result of motion pattern learning on “Circle”
gesture.

Table 2: Comparative results of topological structure
between conventional GNG and proposed method.

Neighbor Distance
Dataset # of nodes Ave.
GNG | proposed | GNG | proposed
Triangle 50 52 0.157 0.147
Circle 48 52 0.168 0.150
Box 57 57 0.144 0.155
Heart 50 51 0.128 0.130
Gourd-shaped | 56 56 0.170 0.170
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(a) Circle

Proposed

Proposed
(c) Heart
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(d) Gourd-shaped
Fig. 6: Motion pattern learning on each gesture.
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