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A Sheepdog Model with Reinforcement Learning Scheme

«T. Isokawa, A. Ueyama, N. Matsui, T. Yumoto, and N. Kamiura (University of Hyogo)

Abstract— A sheepdog agent model based on reinforcement learning is presented, where small number
of sheepdog agents autonomously lead a group of sheep agents to a cerin location. The performance of
the presented model is evaluated through computer experiments for leading sheep agents with and without
several obstacles, with compared to a rule-based agent model.

Key Words: Sheepdog, Cooperative behavior, Reinforcement learning, Q-Learning
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Fig. 1: Preceptible ranges for sheep agents
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Fig. 2: Preceptible ranges and actions for sheepdog
agent
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Fig. 3: Preceptible ranges and actions for multiple
sheep agents
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Fig. 4: A framework for selective learning machines
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A Preliminary Study on Ensemble Prediction of Different Time-series Data in
Cortical Learning Algorithm

«A. Nagashima, T. Aoki, K. Takadama, and H. Sato (The University of
Electro-Communications)

Abstract— The cortical learning algorithm is one of the time-series prediction algorithms. This work ad-
dresses an ensemble prediction of different time-series data in the cortical learning algorithm. In the proposed
method, we input two kinds of data into the predictor. If their data can contribute to improving their pre-
dictions, the proposed algorithm utilizes synapses among them, and the proposed algorithm does not utilize
their synapses otherwise. Experimental results show that the proposed algorithm enhances the ensemble
predictions for artificial related data while maintaining the independent prediction accuracy for non-related

data.

Key Words: Hierarchical Temporal Memory, Cortical Learning Algorithm, Time Series Forecasting
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(input(t) — min) X (n —w)

start = floor(

maxr — min ) (1)

end = start+w—1 (2)
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Algorithm 1 /HMEIRFE & 35 )L DR

1: for all Column € activeColumns do
2: for i + 1 to cellsPerColumn do
3

if Column.getCell(i).predictiveState = true
then
4: Column.getCell(i).activeState <+ true
5: for all Segment €
Column.getCell(i).segments do
6: if Segment.learningState = true then
7: updateSegment List.add(Segment)
8: end if
9: end for
10: else if i = cellsPerColumn then
11: bCell + Column.BestMatchingCell()
12: bSeg < bCell.BestMatchingSegment()
13: updateSegment List.add(bSeg)
14: end if
15:  end for
16: end for

BONZ, TEVEIREE L T 3L &Iz D\WT,
I— R% Algorithm 1, B&fl2— RATHEHT L8 L
Z D% Table 1 IZRL# T 5. £9, IHMERILVOER
TIX 222 HIZ X - TIEMREBIZ R o 72 1 T LIZAE X
NI SIEME L 15 IV 258INT 5. JEMREED
17 LAADEILTTHIRED R VBELET B5E, *

Table 1: Algorithm 1 DZE

ZBH B

activeColumns TEHEIREBD 71 7 L
predictiveState LIV D FHIREE, true F 721X false
activeState LIVOTEWIREE, true F 721X false
learningState FRTEZODT TS
updateSegmentList HHT I LT AL FDY Xk
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Algorithm 1 ® 10 fTH» 5 15 fTHIZESINT WS,
FHREBDO LA NE &, 2TORILRFEE DR
EHRDZRBZET, HILWAIIDNRX = IZH/INT 5
ZENHRRIC B,

Algorithm 2 FHIMRFE & 3 5 )L DR

for i < 1 to numCells do
bSeg < Cell(i).BestMatchingSegment()
if bSeg.numActiveConnected > T4 then
bSeg.learningState < true
Cell(i).predictiveState < true
end if
end for

FH LIV OZEIRDEEEL T — F % Algorithm 2 12, {#
Y 52 % Table2 IZFC#K T 5. ZOMHTIX, £
T VR THEBLAICIBWTEELTWARILEES
% ODESREO Y F T A% o= 7 AV N 22 R
T5. ZOMBIZ2TEIZEINTVWS. AV b
WZEENZYFTADON, BEHREIOERLDO I
PIEMRBBIZ R 5 TWB YU F T ADDINEME Ty %
ATCWBET AV IBEETIE, TORITAV %
Fov VL FHMREAN BT 5. 200X 317H,
4fFHIZEHE N TV S,

TF T ADEF T, EERIVOERTHES NH
HIVALDETAY M2ZRL, WOV FTAZHE
Frdbd. ZONMOELa— K% Algorithm 3 12, &
la— FNTHAYT 2280% Table 312/, B Y A
N updateSegmentList IZ&ENT-{LZ T AV MIB W
T, BT AV IOV F T REEHT D, vF T AR

Table 2: Algorithm 2 DZ %K

Algorithm 3 ¥ 7 ADFEH

1: for all segment € updateSegmentList do

2 for all synapse € segment do

3: pCell + synapse.get PresynapticCell()

4: if preActiveCellsList.contains(pCell) = 1

then

5 synapse.permanence is increased by Apfp
6 if synapse.permanence > Ty, then

7: synapse.connectState < true

8: end if

9: else
10: synapse.permanence is decreased by Ap,,
11: if synapse.permanence < Ty, then
12: synapse.connectState < false
13: end if
14: end if
15: if synapse.permanence > 1.0 then
16: synapse.permanence < 1.0
17: else if synapse.permance < 0.0 then
18: DestroySynapse(synapse)
19: end if

20: end for
21:  for all Cell € preActiveCellsList do

22: for i < 1 to segment.get AllSynapse.size() do

23: if segment.getSynapse(i).getPresynapticCell
= Cell then

24: break

25: end if

26: if ¢ = segment.get AllSynapse.size() then

27: segment.makeSynapse(Cell)

28: end if

29: end for

30: end for

31: end for

ZR % L]
numActiveConnected TEmiihie DVETEIREED £ IL &

BRI nvFr 720K

Table 3: Algorithm 3 DZ %K

YT i

permanence > F T XDFFDKGAE

preActiveCellsList  AIIFZNIZ B WTIEEL TWiz kL
DY A b

connectedState 2 F T ADEEIRE

presynapticCell > F T ADER S O E R
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BAEEDEZE2RT. £/, KBHEN 1 2B 2V
LD ITHDADIIL L, KGEfEA 0 &2 T o7z & &>
F T AEYIRT B 0IEH 15 4T HH» 5 19 fTHICGHEK S
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TNDT — REBIIST 55 F T ADERE %2 F
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VF T ADEMENGIT 5.
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Table 4: Algorithm 4 D44

LR B

contribution VF T ADEBE

otherRegionContributionRatio A D EMRE L

proposalState REIEDT 77, true
¥ 721X false

Region LIUDBLE S N7 fH,
A f£7-IEB
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DT AV NIHEE A B LY F T ADESE Sy
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Algorithm 4 REEDH O DY F T ADEH

1: for all segment € updateSegmentList do
2 for all synapse € segment do
3: pCell + synapse.get PresynapticCell()
4 if preActiveCellsList.contains(pCell) =
then
synapse.permanence is increased by Ap;
if synapse.permanence > Ty, then
synapse.connectState < true
end if
synapse.contoribution is increased by 1
else
synapse.permanence is decreased by Ap;, .
if synapse.permanence < Ty, then
synapse.connectState < false
end if
end if
if synapse.permanence > 1.0 then
synapse.permanence <— 1.0
else if synapse.permance < 0.0 then
DestroySynapse(synapse)

true

end if
21:  end for
22:  segment.calcContributionRatio()
23: if segment.getOther RegionContributionRatio <
o then
24: segment. ProposalState < true
25:  end if
26:  for all Cell € previousActiveCellsList do
27: for i < 1 to segment.get AllSynapse.size() do
28: syn < segment.getSynapse(i)
29: if syn.get PresynapticCell == Cell then
30: break
31: end if
32: if i = segment.get AllSynapse.size() then
33: if segment. ProposalState =
false||Cell.Region =
segment.parentCell. Region then
34: segment.makeSynapse(Cell)
35: end if
36: end if
37: end for
38: end for
39: end for
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An Emotion Categorical Model by Adaptive Structure Deep Belief Network for
AffectNet and the Consideration on Improvement of Classification Accuracy
using KL Divergence

xS. Kamada and T. Ichimura (Research Organization of Regional Oriented Studies,
Prefectural University of Hiroshima)

Abstract— Deep Learning has a hierarchical network architecture to represent the complicated feature of
input patterns. We have developed the adaptive structure learning method of Deep Belief Network (DBN)
that can discover an optimal number of hidden neurons for given input data in a Restricted Boltzmann
Machine (RBM) by neuron generation-annihilation algorithm, and hidden layers in DBN. The system has
higher classification capability on some benchmark data sets. However, the system cannot decide the output
category when the training data set includes ambiguous output with same input pattern as shown in the
AffectNet database: the database for facial expressions. In this paper, we investigated the training situation
by using KL divergence for the divided the training data according to the misjudgement for the two emotional

categories assigned by the annotators.

Key Words: Deep Learning; Deep Belief Network; Restricted Boltzmann Machine, Adaptive Structure

Learning; AffectNet
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Table 1: Category of AffectNet

=D E2 | AT — 28 | T A T2
Neutral (H137) 74,874 500
Happy (1) 134,415 500
Sad (FELA) 25,459 500
Surprise (% ¥) 14,090 500
Fear (M) 6,378 500
Disgust (Bf:HE) 3,803 500
Anger (%40) 24,882 500
Contempt (F2/) 3,750 500
None (% L) 33,088 500
Uncertain (FMfESE) 11,645 500
Non-Face (B L) 82,414 500
el \ 414,798 | 5500
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k+ 18D RBM Z4ERKL, FEH%E179.
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Table 3: AffectNet %19 % 048K &

CNN(ZHk 1) Adaptive DBN
A7dVH [ TANT=Z A7 =2 | 7TAFT—X
Neutral 63.0% 99.3% 87.8%
Happy 88.0% 99.9% 92.4%
Sad 63.0% 99.2% 84.2%
Surprise 61.0% 99.4% 85.8%
Fear 52.0% 99.5% 90.4%
Disgust 52.0% 99.3% 92.4%
Anger 65.0% 98.2% 78.4%
Contempt 8.0% 98.8% 87.6%

DI FRERICHT S 21 A1 (Confusion Matrix) %275
LTWa. BAETHEE, SEHEOATIVNEDA
TAVICTMENTAZRTEDTH S, BlEET >~
TNETH 5.
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RLTELEL, &REEVEDT Happy D 79.6%, —
77, Neutral, Contempt, Anger Tl&, 50.8%, 66.9%,
62.3% &K<, TOMENE, Table 4 DFSHICEBINT
W5, AffectNet Tl&, 1HROBE{GICIE, 8FEHOAT
JVDS 5 1 LM ERME S L LTHID Y TENT
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ETBL, 1 DDEHETINTETCOT—R eI
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MEENTVENEIMRATENE, ThZz 120D
Reg, & LWEHLLVINNWELTER, £27 00
VINWFEDEZ AN TRIZZETIVEHEE TS
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T2, T TIVERDK S ICEBOET
VO KL EIREZ O T AET 5 752 ET 5. K
XTI, TOHEEDEDHIC, 1) BHET—XDH
ZRETIE LTI L, 2R ATRED E 5 D RETd 5.
F/z, 2) 1) THERLZETIVETLDET VD KL
MmEZHD, ETIIVOENZHEL, KL IEHREHT
HETIAEROREEICZZ 0 E S DG 5. 1) T
&, 4.2 HiOMRICHEDE, BIkAT—4 & LT Anger
& Disgust, Sad & Suprise, Contempt & Neutral @ 3
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KL [f# & (Kullback-Leibler divergence) (& 2 DD
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fii, v; AT B &, Pr & Ps DKL E#REIEX (9)
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Table 5: AffectNet OWERKIR A7 T VITHTT 2058k
\ RS
89.3% (42/ 47)

91.3% (21/ 23)
91.6% (33/ 36)

T 1
T2
T5)L3
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Table 2: Ziik '3 5[] TTABLE 6 Category of AffectNetAgreement Between Two Annotators in Categorical
Model of Affect (%)

‘ Neutral ‘ Happy ‘ Sad ‘ Surprise ‘ Fear ‘ Disgust ‘ Anger ‘ Contempt ‘ None ‘ Uncertain ‘ Non-Face

Neutral 50.8 7 9.1 2.8 1.1 1 4.8 5.3 11.1 1.9 5.1
Happy 6.3 79.6 | 0.6 1.7 0.3 0.4 0.5 3 4.6 1 2.2
Sad 11.8 0.9 | 69.7 1.2 3.4 1.3 4 0.3 3.5 1.2 2.6
Surprise 2 3.8 | 1.6 66.5 14 0.8 1.9 0.6 4.2 1.9 2.7
Fear 3.1 1.5 | 3.8 15.3 | 61.1 2.5 7.2 0 1.9 0.4 3.3
Disgust 1.5 0.8 | 3.6 1.2 3.5 67.6 13.1 1.7 2.7 2.3 2.1
Anger 8.1 1.2 7.5 1.7 2.9 4.4 62.3 1.3 5.5 1.9 3.3
Contempt 10.2 75 21 0.5 0.5 4.4 2.1 66.9 3.7 1.5 0.6
None 22.6 12 | 145 8 6 2.3 16.9 1.3 9.6 4.3 2.6
Uncertain 13.5 12.1 7.8 7.3 4 4.5 6.2 2.6 12.3 20.6 8.9
Non-Face 3.7 3.8 1.7 1.1 0.9 0.4 1.7 0.4 1.2 1.4 83.9

Table 4: 7 FRERISHS 2 G751

FlENizA73V
Neutral | Happy | Sad | Surprise | Fear | Disgust | Anger | Contempt
Neutral 439 2 7 5 8 16 4 19
—~ | Happy 7 462 2 0 4 12 1 12
T1 | Sad 12 3] 421 13 11 20 5 15
K Surprise 15 4 10 429 11 22 0 9
S| Fear 10 2| 10 10 | 452 8 3 5
gk | Disgust 8 2 3 5 8 462 5 7
# | Anger 14 4 8 10 9 47 392 16
Contempt 17 8 6 3 2 21 5 438
Table 6: AffectNet X9 2 0 FE S (FF22E1%, 228 Lo T3V OHadH)
A PR

HFAV4 [THT—F [ TAVF—% | TfT—% | TAFF—&

Neutral 99.3% 87.8% 99.3% 90.8%

Sad 99.2% 84.2% 99.2% 90.3%

Surprise 99.4% 85.8% 99.4% 90.8%

Disgust 99.3% 92.4% 99.3% 92.4%

Anger 98.2% 78.4% 98.2% 90.9%

Contempt 98.8% 87.6% 98.8% 91.6%
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ICEBVALYNRNRAF VT Za—FI)bxy NT—UDEEE

OFRILHEY] (BVERY:, nUHl T2 R )

RS (oUHR T2 K 52)

AT (BIPERZ)

Learning Method of Recurrent Spiking Neural Networks to Realize Various
Firing Patterns by Particle Swarm Optimization

«Y. Kuroe (Kansai University, Kyoto Institute of Technology), H. lima (Kyoto Institute of
Technology) and Y. Maeda (Kansai Univesity)

Abstract— In artificial spiking neural networks (SNNs) the information processing and transmission are
carried out by spike trains in a manner similar to the generic biological neurons. In biological neural networks
of living organisms, various firing patterns of nerve cells have been observed, typical example of which are
burst firings and periodic firings. In this paper we propose a learning method which can realize various firing
patterns for recurrent SNNs (RSSNs). We have already proposed learning methods of RSNNs in which the
learning problem is formulated such that the number of spikes emitted by a neuron and their firing instants
coincide with the given desired ones. In this paper, in addition to that, we consider several desired properties
of a target RSNN and proposes cost functions for realizing them. Since the proposed cost functions are
not differentiable with respect to the learning parameters and their gradients do not exits, we propose a
learning method based on the particle swarm optimization (PSO). The performance of the proposed method

is demonstrated through numerical experiments.

Key Words:
Burst Firing, Periodic Firing
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Fig. 1: Schematic of the firing mechanism of the inte-
grate and fire type SN.
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Table 1: Desired Firing Sequences (Ex. 1)

Ex. 1 (Sl,' . ',S5 = ].,tf = 50)

tf,tvptftvi) 00, 50)
SN; K, =217, =1.04{, =15,
EClll = _76% 2 — +
SN, Ky, =149, =20, =+

Table 2: Desired Firing Sequences (Ex. 2)

Ex. 2 (81,52 =2ty =5.0)

) 0.0,2.5) 2.5,5.0)
SN: Ki, =8 Ki,=3
SN, K& =38 K&, =3
SN3 K& =10 K& =10
SN, K& =10K3 =5 | K&, =20,K3% =15

Table 3: Desired Firing Sequences (Ex. 3)

Ex. 3 (Sl = S,SQ,' . ',S5 = 1,tf = 50)

£ tss titey) | 0.0,1.0) 1.0,1.5) 1.5,5.0)

I SN, K, =0] K{,=10, | K{;3=0
o=+

II SN, K, =0] K{,=10, | Ki3=0
6?22—

11 SN, Kl =0] K{,=20, | Ki3=0
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KEFEBTLMETHS. LLFAKICEZEBEDO R Y b
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L 2 T 2, Fig. 13, Fig. 14 B XU Fig. 15
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DAZ 10D ED AL 7 % FEKSE S, Fig. 14 1
ST OFERTI0HDED AL 2 2 FKEED, £
7z Fig. 15 1354 111 DFER TR %2 f55E L 22\ 20 i
DANA 72 REIELMEOMERTHD. ThTh
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KEHINTWEZ eDbhb.

R4 DHER: ZOEBRTHE > TVWBEDIEHFEKE
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AL TRTOREBEHOVIHREEZHNT Y b7 —



Table 4: Desired Periodic Firing Sequences (Ex. 4

Ex. 4-1 (S; =5,t; =20.0)

15 rustodn,) | 0.0,4.0) 4.0,8.0) | 8.0,12.0)
SNy Ki,=4 | Ki,=4 | K{;=4
5 rosstia,) | 12.0,16.0) | 16.0,20.0)
SN, Ki, =4 | Ki;=4
Ex. 4-1I (S; =5t =20.0)
15 rostod,) | 0.0,4.0) 4.0,8.0) | 8.0,12.0)
SNy Ki,=2 | Ki,=4 | K{;=2
15 rostia,) | 12.0,16.0) | 16.0,20.0)
SN, Ki, =4 | Ki;=2

J&YIalb—yayUifERONEIRGE p(t) DR
M % 2, Fig.16 & LU Fig.17 12”7, Fig.
16 1 Table 4 D&M T DGR T, K/NXENZ 4 E3 D
DANA 7 % FEKSE D, Fig. 17 13504 11 OFERT,
BINKRNZZENFN 2, 4, 2, 4, 2D A1 2 & F K
XE, L2AEENTNOFKNRE— 2% FRIIZ L7
MRTHE., TNTNALED MR KSR — 2 P FEB
TETHEY, MERIZIVELLEHINTWE Z &
Nohs.

Fig. 18 3MfHl% PSO DA%, Medli H g RE %k
e UTFEHITE 2 HWBEBODN RO %, Ehk4
FMEIIOFEBRTEONZHZRLEZHEDTHS. ML
DIEFIZIRISEZHTETVWEDDRS05.
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Fig. 7: Time evolution of p;(¢) after learning in Ex.
1.
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Fig. 8: Time evolution of ps(t) after learning in Ex.
1.
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Fig. 9: Time evolution of p;(t) after learning in Ex.
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Fig. 10: Time evolution of pa(t) after learning in Ex.
2.

BEE2ERMEL, Zh 56U THMBERZEEL
2. WO OREIZH L, BMEERZITI I LK
DIREIEDOA M Z MR L 7.

SBIEE - AHGHO —#01%, 2018 fELERIPE K ZZAH WIS
EELEERIZB T, B8 RS ) R—=Ya v
AlEZEHIBUZEIO Al & UTREEE2Z), 0D
WREARTIZHEDTH S, £-AHEO—EIE, H
AP BB AR B A BB (18K 11483) DRI %
ZiFTirbhrz.

SE Xk

1) W.Maass and C.Bishop(Eds.) : Pulsed Neural Net-
works, MIT Press (1998)

2) K.Selvaratnam, Y.Kuroe and T.Mori:Learning Meth-
ods of Recurrent Spiking Neural Networks — Tran-
sient and Oscillatory Spike Trains, > A7 A HilfHIE#H

FREXEE,  ol.13, No.3, pp.95-104 (2000)

3) Y. Kuroe, and T. Ueyama: Learning Methods of
Recurrent Spiking Neural Networks Based on Ad-

1
il
0.5

0

p(t)

-0.5

-1

0 1 2 3 4 5
time

Fig. 11: Time evolution of p3(t) after learning in Ex.
2.



0.5

pa(t)
IS

py(H)

-0.5

0 1 2 3 4 5
time

Fig. 12: Time evolution of p4(t) after learning in Ex.
2.

Py

|
S % / M
=02 |
0.4 / —
06
08 /
1
0 1 2 3 4 5

time

Fig. 13: Time evolution of p;(¢) after learning in Ex.
3-I.

oint Equations Approach, Proc. of WCCI 2010
IEEE World Congress on Computational Intelligence,
pp-2561-2568, 2010.

S.M.Bohte, J.N.Kok and H.L.Poutre : Error-
Backpropagation in Temporally Encoded Networks
of Spiking Neurons, Neurocomputing, 0l.48, Issues
1-4, pp.17-37 (2002)

J.Kennedy and R.C.Eberhart : Particle swarm opti-
mization, Proc. of IEEE International Conference on
Neural Networks, pp.1942-1948 (1995)

A, BT, 8K : Particle Swarm Optimization (2 & %
DAV AR F U T Za—F )y NI —7DFH
%, FHB BRI 2%,  ol.46, No.ll, pp.685-
691 (2010)

00
=

E.M. Izhikevich : Which model to use for cortical
spiking neurons?, IEEE Transactions on Neural Net-
works, ol.15, No.5, pp.1063-1070 (2004)

KK, BIT, IR, NEH: 281 F 0 7=a—5 )3y b

7 — 27 &AW R ROREE T TV OREEE, FlE
BHE R CE,  ol.45, No.ll, pp.612-619 (2009)

P1

0.5

p1(t)
o

B

0 1 2 3 4 5
time

-0.5

Fig. 14: Time evolution of p;(¢) after learning in Ex.
3-11.

0.5

-0.5

26

1 2 3 4 5
Fig. 15: Time evolution of p;(t) after learning in Ex.
3-I11.
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Effect of Thermal Environment for Mental Factor and Work Efficiency

*Kento Horita, Yasue Mitsukura (Keio University)
Mari Orito, Ryo Fushie, Takuya Furuhashi (Mitsubishi Electric Co. Ltd)

Abstract—

The purpose of this study is to clarify the effect of thermal environment on human. It is said that

improvement of workspace leads to increase work efficiency. In this paper, we clarified the relationship between
work performance and mental factors caused by thermal environment while rainy season using prefrontal cortex
electroencephalogram (EEG) and electrocardiogram (ECG). As a result, in a hot and humid environment, adding
air flow improved concentration and alertness with low stress. These results suggested that work performance
was related to changes in mental factors during work caused by thermal environment.
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EEAL, ERICSILEZ. EBRCIHIEBBREN AL
B2 5 BOEBNMNEIT 2 120, THENDZERSG

PR CRzRHI, (DERHN, RREMF X7 AT o7, i
HFHANZ IXMindWave Mobile®) (Neuro Skyft)% v 7=

(Fig. 12M). MindWave MobilelZ¥ > 7' U > 7 &l 4k
512 Hz, sHIE AT I3 RTEARTEFEL(Fpl) TdH 5. Fplid
[EBE10-207512 & » TED LNV EAL TH 5 (Fig. 22

ff). LAEFHHICIZPOLAR H10Y (POLARKE) & 72
(Fig. 32 /). HUf5 L7287 —# 7> HPOLAR V8009

(POLARFE) & FHVWCLMAMIFE(R-R interval: RRI)DIRF R
FF—& 25 LTz, ARFEERIITable. W ER, 1T

R
Fig. 2: International
10-20 system.

Fig. 1: MindWave Mobile.

Fig. 3: POLAR H10. Fig. 4: POLAR V800.
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Table. 1: Experimental conditions
Condition | Temperature[°C]| Humidity[%] Air flow
A 27+1 60£10 None
B 27+1 60+10 Upper body
C 28+1 80£10 None
D 28+1 80+10 Upper body
JE, RS 570 5 A O ZEMERME T TH X7 21T,

H A7 I L O ORIHZICINE, DEOFHI AT 7.
Fig. 5 (23 2R DBLE A/~ 9. Fig. 5 I\ AL E Ol
FER & W CERIR OB B, SLJaME A W TRt D3 &,

iT:/%%wfiﬁ@ﬁﬁ%ﬁot PR T XE I
Fﬂﬂﬁuﬁu CREICEND T2 S T DRI LIREH % 18
T L7, BB T 1%, ﬁ%%ﬁﬁﬂ( EC 30 FPMGEHI AT
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Robust Heart Beats Detection Method for Motion by
Measuring ECG Through Conductive Fibers
* Yoshiki Mashiyama and Yasue Mitsukura (Keio University)

Abstract—

In this paper, we propose a robust method for motion for detecting heart beats from electrocardi-

ogram (ECG) measured through conductive fibers by a clothing typed device. In recent years, heart rate is an
effective index for describing mental and physical condition. Accordingly, many types of wearable devices have
been developed. However, some devices have problem such as large burdens on subjects caused by wearing
oppression and contact dermatitis. In this research we focus on a clothing typed device made of stretchable con-
ductive fibers that can be comfortably worn. The ECG measured by a clothing typed device contains uncertainty
in the measured waveform. In this research, we propose a motion robust heart beats detection method using dis-
crete wavelet transform. In order to evaluate the effectiveness of the proposed method, we show the comparison

of R waves detection result between proposed method and conventional method. As a result, it was confirmed
that proposed method could detect R waves with higher accuracy than conventional method.

Key Words: R waves, ECG, conductive fibers
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Behavioral Analysis of Steroid Hormone-Treated Mouse

by Automated Long-Term Overnight Continuous Measurement
* R. Kasai, K. Yoshida, K. Tanaka and Y. Mitsukura (Keio University)

Abstract—

Steroid hormones are widely used as anti-inflammatory agents, but their side effects are large. It

is important to identify appropriate doses and duration since mental disorders as one of side effects of steroid is
a problem. We analyzed the long-term behavior of mice to grasp the behavioral change by administration of
steroid hormone. As a result of our analyzation, the total walking distance decrease significantly after day 24.
The number of rearing times also decrease after day 23. The ingested amount reached 40.2ug and 38.8g on
each day. Steroid hormones induce depression-like behavior, such as decrease of physical activities. Therefore
we presented that depression-like behavior of steroid hormone administered mouse changed at specific dose

and duration.
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Visual servoing by using stereo visionspatial recognition without predefined
target knowledge

xT. Yamamoto, Y. Kou, H. Tian, J. Wang, L. Wang, X. Li, Y. Toda and M. Minami
( kayama University)

Abstract— We proposed a hand-eye visual servoing system without using predefied knowledge about target
ob ects, for aiming the construction of robot system that take autonomous actions by robots themselves at
unknown environment. In this study, the method of the system is introduced and the result of an experiment
to track two ob ects which appears one after another in real time is also shown.
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Controlling Chaotic Resonance by External Feedback Signals
in Continuous Chaotic Systems

*S. Nobukawa, N. Shibata (Chiba Institute of Technology),
H. Nishimura (University of Hyogo), and T. Yamanishi (Fukui University of Technology)

Abstract— It is widely known that fluctuations in nonlinear systems can enhance the synchronization with
weak input signals. These nonlinear synchronization phenomena are classified to stochastic resonance and
chaotic resonance. Many applications of stochastic resonance have been proceeding, utilizing its enhancing
effect for the signal sensitivity. While, few studies for application of chaotic resonance have not been reported.
Under this circumstances, previously, we developed a method to control the chaotic state for appropriate state
of chaotic resonance by the external feedback signal called a reducing the range of orbit (RRO) feedback
method for discrete chaotic systems. This method might facilitate the application of chaotic resonance.
However, in the process applying RRO feedback method to the actual chaotic systems including biological
systems, the developing the RRO feedback signals in the continuous chaotic systems must be considered.
Therefore, in this study, we extended the RRO feedback method to continuous chaotic systems by focusing
on the map function on the Poincaré section. We applied the extended RRO feedback method to Chua’s
circuit as a continuous chaotic system. As the results, it is confirmed that the RRO feedback signal can
induce the chaotic resonance. In conclusion, this study is the first to report the application of RRO feedback
to a continuous chaotic system. This outcome of this study will bring further device development of chaotic

resonance.

Key Words: Chaotic resonance, Feedback control.
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Fig. 1: Overview of the “reduced region of or-
bit” (RRO) feedback control method for continuous
chaotic systems. (a) Orbit of a chaotic system and
the RRO feedback signal. (b) Map function of z; on
Poincaré section P.
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Fig. 2: Bifurcation diagram of z; as function
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Fig. 3: Bifurcation diagram of z; as func-
tion of strength of RRO feedback signal K.

Different initial values: (2(0),4(0), 2(0))
(—6.0489,0.0839,8.7739) (plotted with blue points)
and (6.0489, —0.0839, —8.7739) (plotted with red
points).
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Automation of illuminance measurement by the autonomous mobile robot
* T. Arakawa, T. Arai, R. Inoue, N. Kubota (Tokyo Metropolitan University)
Y. Toda (Okayama University) M. Tsujimoto, K. Taniguchi (Kinden Corporation)

Abstract—  In recent years, the research has been conducted on the robots which automatically measure the
illuminance at indoor construction sites due to the declining birthrate and aging population which cause the labor
shortage. Therefore, for the purpose of efficiency improvement of illuminance measurement work, we developed
an illuminance measurement robot that measures illuminance at a target point while performing environmental

map building and self-localization.

From the experimental results of actually measuring the illuminance, it was

confirmed that the developed robot can carry out the task sufficiently, and it is expected to be able to be fully

active in the actual site.
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Table 1 Results of illuminance measurement

W [ | BERERG) by o o )
X y X y
1 39.641| 38.900| 39.592| 39.048 0.156 541
2 34.105| 38.900| 34.303| 38.850 0.204 688
3 28.866| 39.048| 29.063| 39.048 0.198 231.1
4 28.866| 44.782| 28.866| 44.584 0.198 137.4
5 33.907| 44.337| 33.710| 44.386 0.204 474
6 39.690| 43.991| 39.493| 44.040 0.204 447

(d)

Fig.5 Obstacle avoidance
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EEG Analysis and Rain Sound Feature Extraction

for Notification of Localized Torrential Rain Risk

* Keiichi Sato, Yasue Mitsukura, (Keio University)

Hiroko Nakajima (National Research Institute for Earth Science and Disaster Resilience)

and Kan Shimazaki (Nagoya University)

Abstract—In this research, the final purpose is to propose a sound notification to effectively convey the risk of
localized torrential rain. In this paper, we evaluate stress of localized torrential rain by EEG analysis and extract
frequency feature of rain sound. For EEG analysis, it was confirmed that there was no linear relationship be-
tween stress value and precipitation. For the questionnaire, it was confirmed that the mood condition worsened
as the amount of precipitation increased. For rain sound analysis, it was suggested that the correlation between
power spectrum of rain sound and stress value could be used as frequency feature. From this result, it is sug-
gested that using these features will lead to sound creation according to the degree of danger.
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Fig. 2: The flow of rain sound listening experiment
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Fig. 4: Stress change rate for each precipitation in rain
sound listening experiment (*: p <0.05)
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Table 3: Frequency band with significance probability less than 0.05

Frequency band [Hz] | Correlation coefficient | Significance probability
951-960 0.961 0.0094
1001-1010 0.902 0.036
1051-1060 0918 0.028
1541-1550 0.904 0.036
1561-1570 0.927 0.024
1611-1620 0.955 0.011
2051-2060 0.938 0.018
2091-2100 0917 0.029
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Evaluating Stress Relief Effect of Olive Oil
and Correlation between Palatability and Menstrual Cycle
* Risa Nara, Yasue Mitsukura and Nozomu Hamada (Keio University)

Abstract— In this paper, we aimed to evaluate stress relief effect of olive oil and correlation be-
tween palatability and menstrual cycle. Female hormone balance causes changes in the menstrual
cycle and stress resistance. In recent years, it is known that fluctuation of this balance may cause
symptoms including premenstrual syndrome (PMS). We focused on menstrual cKcIe to perceive the
hormone balance, and attempted to evaluate therapeutic properties of olive oil. Then, we defined the
therapeutic properties as stress relief effect. In order to evaluate the effect of olive oil, considering
palatability is necessary. This is because palatability plays an important role in selecting compo-
nents to be taken into body, but differences in the components may have an effect on stress relief. In
this research, we acquired stress information from electroencephalogram (EEG). Subsequently, we
used questionnaire to evaluate palatability. As a result, it was confirmed that stress tended to de-
crease when smelling olive oil. Furthermore, the questionnaire results suggested that palatability

changed with menstrual cycle.

Key Words: EEG, Menstrual cycle, Olive oil
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Investigation of Learning Data Reduction Method for

Auditory Brain-Computer Interface.

* M.

gino (Dentsu ScienceJam Inc.) and Y. Mitsukura (Keio University)

Abstract— Brain-computer interface (BCI) is a new technology to present intensions by a brain activity.

Most of BCI technology detect event-related potential called P300. Pattern recognition methods are used

to discriminate the presentation of P300 and select the command that user s P300 responds. To apply BCI

technology for practical use, an accuracy and a convenience. Previous studies have focused on improvement of

the accuracy, however a convenience has not been remarked. One of the method to improve the convenience

of BCI is reduction of learning data. The learning data, which is recorded by users before using the BCI

as command system, is used to train the pattern recognition model. In this study, we combine the trained
FLDA model by one sub ect and other FLDA model which is trained by the other sub ects. The method

improved the accuracy and it leads to reduce learning data and improve a convenience of BCI.

Key Words: Brain-computer interface, EEG, Learning data reduction
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Estimation of Serotonin Nervous Activity using EEG and EMG in Mice

* Takahiro Oohashi, Keitaro Yoshida, Yasue Mitsukura, and Kenji F. Tanaka (Keio University)

Abstract—

The purpose of this study is to estimate the serotonin nervous activity. Recent advances in fiber

photometry and optogenetics have made it possible to measure and manipulate nervous activity in real time in
mice. However, these technologies interfere with handling of light and cannot be applied simultaneously. In this
paper, we aim to supplement fiber photometry by estimating nervous activity using electroencephalogram (EEG)
and electromyogram (EMG) that can be measured simultaneously. In the analysis, nervous activity was divided
into three states, and discrimination surface was determined using linear discriminant analysis. As a result, the

accuracy was over 90%.

Key Words: EEG, Serotonin, Estimation
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Table 1: Feature value for which the significant difference was detected
State
Avs. B Avs. C Bvs. C
8,9, 12, 13, 28-31, 34-36, 38, 1,2,7,11-14,17, 19,
o | BBl 2,8-15, 17-19, 25-100 40-43, 45-53, 55, 58-100 26-100
EMG All All RMS, Slope sign changes, WL
2,4,5,9-23, 25, 28, 29, 31-33, 35,
Mouse EEG [Hz] | 1,6-23, 25, 26, 28, 29, 32, 36-100 1,2,5-22, 27, 30, 32-100 49,50, 76, 81, 85, 86, 88-90, 94,
number | 2 95, 97-100
EMG All All RMS, Zero crossing
EEG [H] 7-20 ,22-27, 34,79, 82,83,86, | 4,8-18, 21,22, 26, 28, 29,63, 78, | 5,7-29, 34, 35, 68, 71, 72, 75, 76,
3 88-100 85, 87, 89, 91, 93-95, 98, 100 78-100
EMG All RMS, Zero crossing, WL All
Table 2: Accuracy of discrimination surface
State
Avs. B, C Bvs. A C Cvs.A B
91.6% 96.7% 96.8%
Mouse
97.8% 92.1% 91.0%
number
96.0% 98.5% 97.6%
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