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Parallel fuzzy reasoning of sail and rudder
T. Matsubara and K. Tachibana (Kogakuin University)

Abstract—

As far as the author knows, no research has been conducted to parallelize the control of the sail and

rudder of a sailing ship and clarify its effect. In this research, we implement a multi-threaded program that fuzzily
infers the control of sail servomotor and rudder servomotor based on the observed values of the GPS receiver, wind
direction and speed sensor, and 9-axis sensor used for sailboat control. We conducted actual sailing experiments to
clarify the effect of parallelizing sensors and actuators in the control of sailing ship. As a result of comparison under
similar wind conditions during the experiment, it was found that the propulsion force increased by the parallelizing.
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Table2. Sail Fuzzy IF-THEN Rule
Hsmall Hbig
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Obstacle avoidance experiment of autonomous sailing robot using fuzzy reasoning

* R. Fukuba and K. Tachibana (Kogakuin University)

Abstract—

In this study, we implemented obstacle avoidance control for sailing boat by fuzzy inference

using dynamic risk and conducted actual machine experiments. Although it was possible to avoid obstacles in
general, the avoidance control did not work well and sometimes it collided with an obstacle. It was confirmed
that avoidance control is performed based on the degree of risk.

Key Words:
1 [FCHIC

BifE, 2020 % CoHENEREOEMALEZ HIEL T,
SeA HENEER OB Y FLA S BB A — A —=2 1T 4
¥z BN TWD Y. F2, oBEIFERT
B HERE %0, MiZek®, M YoV T o B EhEER b
WFZENMTHOILTEY, FAEOEEN LV ERIZRD Z
ERHIREEND. ICIZ L PR — R e EO#)
NEFEOMmnE, B OOENZ R W iiind 5.
H SENA 2272V TS D 0ANE, B OF IREE
TOWATIEE 2 & O CEIZ TElS TS5, A
B AOWTICRT R AT —2F AL W54, BEA
TR D S TRE BN TWS O F72, #ivi
O BEERIE, LSRR KEOREL KE 2T
FEAEE LV, RS, WA B BhEdsi W CiEEh /)
ENRETH H72D, BEEEOE(RNLILIT 7= 5 7~ i
BENE L, REWMO A EhRERIIERA L ST
AN

WAL D B BREEL I HOWTORFZEITIE, 21—
g RFEHE W ERAN TR TS, BT s O
THK D "OFEMEERRTIE, GPS ZIE2eDfriE w4 H
WTCBAESICET D Z LI L-. $£7-, Stelzer &
¢ BRI\ T B F~OWLAEIC KL L.
LU, A0 OWFE TIEREEMI R 2 [BhRElfE 2
FREL TV, E N, WA OREEY & ORI
BEAWD 7 7 Vo fEmz o Ry MOEEL TR
EW a5 IR EIT o~ LvL, REDOFET
REEY) & OMXHEZBE L TRV, [EEYE O
FHXHERE S B2 U X R TEN I AL L C< 5. ATH S
03, B blcIslT B FEEY & ORI HE 2 &8 L7
EWERED S I 2 L— 3 VAR ToT-. FEHECOREE
WIEREEE, )15 WAk oKy G, Fernandez
DI HBET, RED BOEA S IR OB T
ENEATo T

ARFFETIL, WA OOIE1EE TE) O PR B N FE xR %
W BEEY R AR T D, BRI/ IV 0O 2
ZH, MSHEEZ AW 7 7 O o fHEmmlic Lo E L
7= BEESE ) [RIRES ) -C R % [0lRE - 23R E AT D

Fuzzy reasoning, Sailing boat, Obstacle avoidance

2 XB#ER

ARFFECIE, NI DR (MONSOON900) % ik L
TR EERZAT S . MWMHITIX GPS = (5 &
(BU-353S4,S/N1: S4U0128753,5/N2:54U0128648), K nrx
— v H R N B B R R R e —
(FT-205EV,S/N:2000-292) % #f¢ L 7= Raspberry Pi 3
Model B+Z#45#; L, python TYERL L= 71 /T L& HE
1T L CHE & L2 HiIEE9- 5 . B #4536k L 72 Raspberry Pi
@ GPIO ¥iii - & /NUAR ORE L PO —RE—H & %
xR TA Y CHEE L CHIEIT 5. GPS ZiGE D
TR - RRBE - AT ). HEOFREBSST 5. AU
JEGEE oY IR & RGO A BT 5. LA
T, Fig.1 (2 BRI 2/ NI A 7= 9. WU O FEH
A8k Table SLIZRT. B —owT U, Fh
5OBKr—A 72 EEEHOBERICL D E v FE— A
> MZOWTIEAHE D Table S2 12777,

Fig. 1ML AR

3 freDHIE

Fig.212, #ERFIEOMERZ 7T, BEFETIE,
FTGPSZIZ R TG L 7= AR DRREE, fREE, (T
M&, TORELEEYOBE, BRELTICEEY
OB AEE L, REYERBEOFETT 7V
o HERRIT 0 BROSERRIE AT 5. BRIOSERRIE O
SHEANFRE L7 B (REBRTI0.4) LL oA, o

FITHaYEa—F—vaFrlb - ATV ANES
(2021 4£ 3 A 25 H-26 H - * > F 1 VBifE)

PG0003/21/0000-0008 © 2021 SICE



Bt 2 BRISERRES I IS < [ TENC YD 2 . H
HISERREEDSBUE LT BRGSO A, T ORE Lz BER
JERE~TA D KO A2 HIEd 5. Fig. 3ICHRISERREE
DAERHE A0 AR OV 2779, Z DI OFHRD A
(ZFEWDR D 2%, MEHTENSER T 5.

a1t MO0 2 R L R AR T
b, ‘BEEIL TV N EHAND. Figdls, 1T
J a2 Y L T BREE OO T 7V 4 LR T
EMNBIEIZLL, LS, RS, RLO 7 7 ¥ 4 AN BR 0,
EEMDOAEIZONWTE T 7 VA4HEEDA L N—T
TEERT. FEEYOMEIL-180°H)5H180°L 5.
Fig.512, [EHEWE OO 7 7 ¥ 4 E£E8%RT. N&
M, FO7 7 P 4 EEMMBRY, I OWTH T 7 ¥
A EED A N— y FEEFRT. Figbll, FRIGEMHR
DT 7 4 N—)VERT. B OR A L R—2
TR OxRERT. BIERO Y > 70 b UIELSL,
LSS, LDS, LDL, RSL, RSS, RDS, RDL/ 5720,
TR TICHIET 5. BEREE, AiH S
Ok L FEEICEIE TS, W & EEY & OFhHH
N7 7Y 4 Hima W CHET 5. Fig.7i2, A%t
HWEDOMEIZONWTOT 7 Vo 8EE%ERT. ENBIA
2, VLL, VLM, VLS, VRS, VRM, VRLDO 7 7 ¥ ¢
EAMLRY, FASHEEDOAED A L R—y Pk
F7. FRATHRE O FE13-180°%> 5 180° & 9~ 5. Fig.8lZ,
MRHESIZHOWTD 7 7V 4 R ZRT. VFEVSD
Ty VA ALY, FARESD A Ny TE
&Y. FigolZ, BIREREIZOWTOT 71 /b—
VBT, BIEROR A 3 — sy TR E O3t A
#4. 7 bk FLSL, LSS, LDS, LDL, RSL,
RSS, RDS, RDL»5721, ZFILEIIRWE IR IG
T 5.

77 V4 HEERIZOWT, X UOICHIMEERIC oW T
MinJi 4 2170y, T _TCOA—Z DN Tl A %k
W, BEELEEEONL— MOV T Max{ER 21T ) .
TRTONL—IUZDNT R NN— y FEZ RO,
TN b OEAMTE T TlEREZFH T 5.
fERREIT-1 B 1E TOHFPH & 722 5. HH L -8ifark
ExEZDOF EREOHINMELE T 5. FEIZ-1EHEV - 1XVY)
DHUEAEN S IEV)E TOFPFA LT 5. Bl 5 L,
FHXFHE 232m/s T-90° DA, RIHHHBOVLMAYL, VF
MLERY, BEEEDOLSSD A 28— FEI LTl
DBAERD A 23— TEIT0 & 72 % . Z DREOHEITY
fERIEIX04L 72 0. OB ZZET D &, FHxHEEN
1mIsTA5°DEEE, BT DOVRSAH0.5, VRM730.5, VF
72305, VS230.51272 0, #“A=EORSLA0.5, RSSA0.5
LD, FORFOEERREDEIX-025& 70 5.

B
Efig]
fElRE

-I=RREE<L

BE, 2E
RE, HEiTHE

S

e uE

5

|BEBUERERE | = 0.4

E%E’JJE“B%JEK 04

sEEES1

Fig. 2.2 R FIEOMEX

LN
\.
/
R
SN
/

AL =
“x\\
™~
><
T
MRE\
//”/’

-180 -90 ] S0 180

WA EECHES | P E D dez]

=—-L5

==RL

Fig. 4 EEMDOHEIZONTD T 7 ¥ 4 D

\ A
V' \
\

. \
ARV

0 5 10 15 20
WA B - O REEE [m)

ANE'H

-

=
o =]
IS @

B W=

bl V]

Fig. 5:FEW) & OFREEC SV T D7 7 ¥ 4 A



4 IROHE

i PLOFIENZDONT, OB, EmaEGEz < HuS
L7eANToRmEY, 771 #Himae AV CEHET
%. Fig.10iZ, MLoBIENC W=7 7 ¥ o B£E 2R T
BUWEZA SILZBRE, rmvVEZA SIEF C 5 HIE %
9.

(L)

=N

N
AN /N /
3 >< s X ——iBL
| ) F / \ﬂ.q / \ L
AN A SN
\ / \ [ \ / \ / ——v RO RS [de]
Xl XX

Fig. 6:FFIfGIRED 7 7 ¥ 4 N—)b

kg
:]i X ——VIM
’ - - o
%/\ /\ /\ /\ . Fig. 10:&AIZONTO T 7 ¥ 1 EE
LU VT s s

MR L TR AR E B D B deg) REBRTIE, B S~ | T = ek % 3 L,

FAE s~ OWE T OO [RLRE T8 2 S S BR TRRGE L 72

Fig. TAEXBRIED SO0 T 7 V4t RERCRMLLEOAT 2 o (W OWEK) DR & i

LUTEE L. B 1~3 ~EICE L, TS
1 A F S~ DOBEBERS 6m LIS 72 S 7= 454, E RS
'\ / L. ERORRFENAEEDER Y U CHRNE

AN

08 \ / I IMEFND.
- EERAT - THEBERBR T TER
——vr - FEBRA : 2020 45 12 A 11 H (<)
/ \ s - FBRBAAAREZI(IST) : 34T 1)10:50, 34T 2)12:53,
T 3)12:59, 1T 4)13:18,
/ : \. 1T 5)14:19, AT 6)14:56,
LSOOy AT 7)15:15, 1T 8)15:49
- FAELS 1 A : 35.85996N, 140.0289E
- BN 2 EEAE - 35.85996N, 140.0281E
Fig. A SIZONTOT 7 ¥ Hedy - EIRE,5 3 JEEKE : 35.86001N, 140.0293E
- FEEYERE « 35.85996N, 140.0285E
wis)  EE® (VRS) FEERICHW Y —Aa— FERUOBE L7 —#13£e T
LLUF @ URL(Dropbox) https://00m.in/i-sail2020ay C B &
A TCHD. T, EREOMBELI T O
URL(YouTube) https://tinyurl.com/y5fj2hdt TR FIHE T

-
=
o
@

04

BN =

<
¥

o

LSL RSL
0.1

LSL RSL

(VLM) LSS v(VS) RSS RSs (VRM) H5. Tablel ﬁ:%%ﬁjﬂ?@ & rpﬂ.‘@ﬂ%ﬁ%%{ﬁk ‘]71-“—735%“—
0.4 o o -0.4, -0.4 y D PWM fﬁ Cl: @;(:—J—J;'\L; ;’&‘ﬂ'\‘?—
0.7 -0.7 (VF)
LDL 1.0 -1.0RDL = .
vy (VR Table 1At & ML OHERRE & —FRE—% OPWMIHE & D

Fig. 9:BIfEIREED 7 7 ¥ ¢ L—)b o Wz PWM &

10




fie 1 69(Full Right)
0 94(Center)
-1 119(Full Left)

M. 1 50(Full Open)
0 30(Full Close)

B oauE, AR RSO THEEL, 0.1
FORY =T 54TV, ez HERIEIZ DUV THEE LHE
WEDS AV =T LTtk itz ¥ —ICRE L L7158
AN —=TFHLENIHLDOTHD.

6 EERERE

RAIT L HRRIT 8 £ CEREIToAER, T 2,
AT 3, AT A IXBEEM ST T 2R & T2 Ko T,
ZNUISMIFEER BT LRI 2 IE L=, 7rds,
AT 1~7A1T 5 T SINL, 39T 6~517 8 TIL SIN2 D
GPS Zfggna i L7z, BATIEEIT 2, 3173, 174
DIERTHD.
1 BRIT2ToREBITE

Fig.11 (25T 2 OWLEREE 279, il - £, it
filh - MREEC, HARSEAZEA L £ TORE, SRR EZE
S22 ETORK, KEDT AZ Y 27 BEEY, H5
FN23EEEATEIRF O R, SR UL B TEI 21T > 7
(BREISGERRE DOREHED 0.4 LUt 7o) AR LT
WD UL, BELR L B L%, BAES 2 A
7D B EEDICEET L, RITBIMAH 175.69 B 5
237.68 T DERIC[IRESITH 21T > 7278, [ C&E T
EEYLEELCLEST

Fig.12 (23T 2 CHEFZERIC EHEA TEN D BE O fEREE D
W AR, BRDFRISEIREE, SR Bl
IRERDN AR TR ~BER T 2 BME 04 TH D, fERET
MaRHECRd. BRREICAIR L TV D72, fERENR D
FOTIRLRNT ENDND.

11

358606 T

358604 1
EFP;]ELJE;: 1.33m/s
25 5502 7 [E]:B#fT FhEE

3586 T

(=) BiEs: WEW EiEs1
i Bl T SRRl
35.8594
35.8592 + T T
140027 140.0275 140.028 1400285 140000 (IBE)
Fig. 11:384 7 2 TOWLERE
0.8
0.7 '\ /’ e —
0.6
¥
0.5
J&
P& 0.4 - ——ETERS
Bl —rdiE
oa OB
01
o T T T T T T 1
i70 180 190 200 210 220 230 240
Elapsed Time[sec]
Fig. 12:317 2 COfEREDHER
8 RT3 TOREBTE

Fig.13 (23817 3 DWLERK A ~"T. B 7 OfITH
R 3 ~ORE AR L TRY, hofa/pFi3#iT2 &
AR T 5. ML, 3T 3 BAAATE 439.88 B/ 1> 475.97
¥ ClELETENZ & 572, Fig.13 LV, FEEMICKL
THRHTE &2 & o728, AER 2 ~H)poTnDH &
Worind . EEZERET 5 2 LTk L.

Fig.14 (25417 3 ORI TENBHAAE R H & TEZ O
FRIOEIRE J6 K OBl OHERE 27”77, Fig.14 @
HRTERSEIREE, SRR, FRERIIEIRES T
25 ME 04 ThDH. LHRETHEHETHD.
Fig.14 LV, EEW~OHEL T LR LIZfERED, &
EWEEEE L7 L CREUR N L2 Z L8305,
I &, TR NN TN Z E 3D,



358606 T

35.8604

FEHHRELE: 1.04m/s

58602 | L Rl TN
3586 T i
(&%) BiEsn ey B Doe?
35.8598
35.8596 + s
BRG]
35.8594
35.8502 + T T T T gl
140027 1400275 140028 1400285 140029 t%ﬁxg%i
Fig. 13:3447 3 TOWLAEREES
0.8
0.7 T
0.6
) /#\_\
. / N
B 04 —— R
.4 \ —EifE
0.3 \ FhomErEE
0.2
0.1 —
o T T T T T T 1
430 440 450 460 470 480 490 500
Elapsed Time[sec]
Fig. 14317 3 COfEREDOHER
9 HIT4TOMREEITED

Fig.15 23T 4 OWUERK 2773, A0HIEEUT 2
LRIERTH 5. [ TENA 3 B CTITh=729,
TN ENRIT 4 BRAGT: 318.93 70 T D [ELEES THEh A [BIAE T
5 1, BfAT: 580.36 F0CORREATEN &4 [MLBEFTEY 2, BH
h6%% T72.45 797~ 5 783.37 F C DELEH TE) 4 [EDATE) 3
LS. BT 4 THRAT 3 L RERIC, BEEYORREC
ATh L.

Fig.16 |Z34T 4 OEGEATEIBHAGE AT G TEEZ O
FRAVSEIREE OHERS, Fig.17 (ZIREROENISEIRIE DHERS
Z/R9. Fig.le (22T, HRRS A TE) 1, FEHRAS
[BLREFTHE) 2, SEERANELRESTEY 3 OHERS, JRERDNBLEEST
A A ME 04 22 NZFNEL WD, Figl? I&o
T, HRREREETEY 1, RRERONEEE TE) 2, S5 A]
WA TE) 3 DHEEZZNENE L TS, EEMICHST
T 52 LT EA LGN, AR TENC L0 FEE
WZEERE L2 & T, IKFLTWA.

12

358604 7
EHYELE: 1.30m/s
3 (o] 84 TENEF

358602 7

3586 T

358598 T
(#&f) ‘
358596 T
(o] BT Bt = 18 )
358594 R
358592 +
140027 140.0275 140.028 140.0285 140,029
(i)
Fig. 15:544T 4 TOWLERE
[+F.]
o7
0.6 T
E 05 7
5 oins Aapgia
B %] N ""_ij]
02 .- (o] E%1 T Eh2 (o] BT EN3
o: [O]BE{TEN
o
300 |00 200 500 700 BCOQ

Hapsed Time[sec]

Fig. 16:3417 4 TOFHIMEIRE DOHER

o [a]E#1TEN

o
300

[+F
07
[
EGS
FE 02
xﬁ.‘|3

[c] 81 TEh3

[olE{TEh2
S00 600
Elapsed Time[sec]

400 700 BDD

Fig. 17:3&84T 4 TOEBAIGEIRIE OHER

10 &

EBRPEFITICOR Y, WROFEENIARALET, H
BERCIERWHA~AN Y ZENEL otz 79T 2
TIXEEWICEZZ L CLE 7228, #&173, #7174 T
IXEREEC R L7z, IR E LC, MO & GPS &%
ERRDEFENE Z NS,

FEBRY BRI <, WU OB E ) - 72, B
WK 3.8mis, SEXEGE 1.2m/s ThH Y, HeRMEH
0.74m/s, “EIfEE 0.32m/s T, &I 2628 [E D 5 H i
B 0.3m/s AKifiAY 1747 [BI CTH -7z, FEENFE L < EW
LRERZh TN, IELWHRAA~NAEEZEZ D L
DTER. KIZ, GPS ZIEERITOWNT, NLEEH



BRMEH SN 2N EnH Y, £, #EEN 0.3m/s
RGO & EHATHENIE L B SN2 ERED
o7z, REOHIENL GPS 2> b HUfS L= e T 7 M % AV T
FHELTWAT, JeikofiEiE 0.3m/s A DStk 5
B, RIERFRARND EBZHND. BERER X
OMEFTH AN E B S HIE LWOITEEN 0.3m/s UL _Ea»
2 GPS T—X DEFMTHONTNDLEDDHTH D

LEZD.

RAT 2 TOREEY~EHLET HERAOBMITS, HEH
DL, MLERFROTH 1TV TR - 72, Table2,
Table3, Table4 1%, KT ORGMEER, A, 1T
W, FEEY)E OEHEZ, B TEINIGE > 72%IC o0
TENEIRLTWND. FRF GPS NHEHT LTV
VY, FETIE, BEAY 0.3mis AR CHEF T F A AR IE & e
S TR OAT 2 AT S5t 7z, 3072 T, (Bl
ITENT OB 11 [\l 5 B[R TEIBH AR O R O#L
B LETLUNIELWGPS 7 —H &% 5 T& T
Stz #IT3 TIX 15 [mF 5 [E], AT 4TI 18 A 3
[FARIE T2V GPS 7 — X # g T& 7=,

AT H N ARIEIL 2> T LE D MESOMIERE L
T, AR VN ED BICFEREITS, Yy rky
B INa L 2 ZHWT GPS [T 5 72\ RREHE T
EATH Z &M ENFTOND. EEYRBHIEE LTI,
ARIETIEZRWT — X IZ[R > T2 & [EBEEHIEI A 20
BT e, REBRCIEHE L L7ZEEDIZ OV TOH
[ALREIEBR A AT o 7228, FHXFHEEIC SV TR TE 4
WET D720, thofsinss o EEMICOVWTD
HWHRRETH 5.

72, Alal O CILFFI Gk ) B 2 8 2 72 B
WZENSERREE I DWW C R 21T 5 S DO Th -7
23, WEIZNUTCREAZR L, RolCHEEY 4 Ak
T 572 ED LV BRIEREREFE LI/ > T 5.
I I, BIREEYCEROEEDIZ S 3G LR
TR SR VR CTORELLETHS.

Table 2:7817 2 TORBETEI T DT — ¥
GPSEH o
s |, 0 | e | s [T
11
1756341 | 5353540 | 0303 2428773 | 19663
1788072 | 55570 | 0101 0 16330
1823766 | 56000 | D278 1031143 | 16530
1859228 | 56000 | D278 1031143 | 16530
1884711 | 56000 | D278 1031143 | 16530
1830187 | 56000 | D278 1031143 | 16530
22427381 | 56420 | 0107 638465 16330
2276332 | 56420 | 0107 638465 16330
2308743 | 56420 | 0107 638465 16330
2343287 | 56420 | 0107 638465 16330
23768456 | 56420 | 0107 638465 16330

13

Table 3:3817 3 TR THEIF DT — &

GPSEH o
sty | 0 | | e |
11
4398835 | 06300 | 037 187507 121248
44361390 | 06330 | 038 229830 116366
4473215 | 06330 | 038 229830 116366
4310284 | 06330 | 038 229830 116366
4345866 | 06440 | 018 2725831 96011
4382890 | 06430 02 242357 28653
4618957 | 06430 02 242357 28653
4656883 | 06430 02 242357 28653
4692397 | 06350 | 037 288734 60937
4725874 | 07030 | 037 316247 53198
4759679 | 07060 | D42 302031 52786
4793238 | 07060 | D42 302081 52786
4326646 | 07060 | 042 302081 52786
4360204 | 07060 | 042 302081 52786
4393613 | 07060 | 042 302081 52786

Table 4347 4 COEBHTEIFT OF— &

GPSEHT
. B e FE=4
|-R DH\ % E/ o = .
EERELSH ] 020 19— HE | EITAE o BB
11
3188250 | 23380 | 0362 | 767157 | 125723
azo 5838 | 23280 | 02362 | 767157 | 125723
3262278 | 23380 | 02362 | 767157 | 125723
5506384 | 272300 | 0267 |1430536 | 114143
5542083 | 272300 | 0267 |1430536 | 114143
5578023 | 27370 | 0177 |1528742 | 88704
5613788 | 27420 | 0205 | 1843338 | 82421
5767448 | 27570 | 02687 | 1430538 | 70647
5803613 | 28000 | 0306 | 1229991 | 3947
5840053 | 28000 | 0306 | 1229991 | &3947
5876647 | 28000 | 0306 | 1229991 | &3947
7651008 | 31060 | 0267 | 208925 | 130555
7687934 | 31080 | 0274 | 444378 | 117266
7704508 | 31120 | 0442 | 257084 | 119552
7761083 | 31120 | 0442 | 257084 | 119552
7788018 | 31120 | 0442 | 257084 | 119552
7833700 | 31230 | 0407 | 21798 | 79037
8133275 | 31540 | 02685 | 1042683 | 98691
=B
11 #Him
AW TIL, 77 ¥ 4 HERRIC L AU O EY)a)EE
A2 I L, EMICTERZIT- 7. hEEYE

[El6E L7223, [BIRERIREZS 5 F < B3I PREWICESE



LTLEYIZE b Do, BEELEFEREE LT, JEE
DARE, GPSZERDOFMENE Z b=, RIETIZ
WTF—H IR ThD &, BEEYNREETALE, 77
UaHERIC LV EREEEH L, BRIV

REREZAT D 2 EPHER TE 7=,
12 8%
Table SL:ANOFEMIT — &
HH Bl
5 980mm3%1
E 1800mm
WA, [ 0.38m?

A 4.2kg2

X1 RO A E 900mm 127 b T OIEE 80mm &
ey oucn ok )

X2 k70 EREHEI % 5 6D T OB EAE

Table S2:f& i DT — %

FEHEW i FERNIE | FEE
EXAJL | 413g3%3 | VAR Y | MR E—
NyT Y Fihas s | Ll

— % +5
(EMA100 310mm 75mm
SCBK)
Raspberry | 120g3%¢4 | ALy | ke —
Pi3 FHHNG | GG
Model B+ ?(ﬁji J:ji
120mm 60mm
GPS %15 679 MMAE > | iEke—
5 Ffhi G | LG
A7 5
485mm 140mm
JEUE R | 263935 | ALy | A E—
o H— Fhs D | LD
A +75
485mm 230mm

X3 BRI N—, 2L v TFuGte

14

¥4 Bk R—mETe
X5 TAIREEL

By FE— A Y M, MRRATEHSIX145.5[Nm], A%
H#B1%142.43[Nm] T, ZZL5IZ31NmM]TH 5.

B3

1) HAEZ, “HENERHEOBZEIN & HIGEE ¢, EH
EEE, 60 %, 4%, p.229-239, 2017

KHE, “REICIT D BENEROREE & 5%,
L, 56 %, 2%, p93-98, 2017

SFESRRE,  WIZEESEEI & BB E A~
W& g, 45%, 375, pl77-184, 2006
BAER], “BfyRIIROEm” , HANEYRES
NAVIGATION, 200%, p4-11, 2017

Jose C. Alves, Nuno A.Cruz, “anautonomous sailing
platform for oceanographic missions” , OCEANS 2008,
Quebec City, Canada, 2008

WeseR, MRE—RS, “B ko BERICEET 2 WED
SRR, WBAMT 7 VA VAT LYY Y LG
{#am SCHE, p846-850, September, 2018

WeseR, HARET, REFT, “mRy MAfRO7 7
AL FREFER” , BB T 7 Vg VAT LYV URY
U LGt SCE, pr05-714, 2019

Roland Stelzer, Tobias Proll, Robert I. John, “Fuzzy Logic
Control System for Autonomous Sailboats” , 2007 IEEE
International Fuzzy System Conference, London, UK, 2007
HRHEENK, “77 Y dEaE Vo BEILEOREYE
A N O A R It o - B o TP N i S
2019

AT RS — RS, Pridg—,
R OB EFEYELESE
64, 6%, p518-522, 1988
AR, BER—, “BEEEWEET LD RBIYE
{b&AfE S HATEREICR T 2 ARBEI v Ry FOETH
BHAT, BAuR Y MESEE, 1195, 67, p856-867,
1993

David Fernandez Llorca, Vincente Milanes, Ignacio Parra
Alonso, Miguel Gavilan, lvan Garcia Daza, Joshue Perez,
Miguel Angel Sotelo,  “Autonomous Pedestrian Collision
Avoidance Using a Fuzzy Steering Controller” , IEEE
Transactions on Intelligent Transportation Systems,
Volume:12, issue:2, p390-401, 2011

AHFKE, WAL, WOWE, SFHAIT, =4HH, 1
HLZR, RIS, tRE, “EAMATHAEE O
B WEPEFL L opAsE, 2334, 195, p47-51, 2017
BN, Haiging Shen, #AHFKE, O, Ui
DEZERGIE~D AER” , BAKPETL P25, 56 &,
1%, p51-55, 2019

2) A

3 .

4)

5)

6)

7)

8)

9)

77U HEREHW-BEIR
HABR Y hEaGE

FI= A,

10)

11)

12)

13)

14)



E17ECIHESR RBRILFE ZRAV MO B EEE
Offffse #hire kK (TFBERE)
Acquisition of Autonomous Sailboat Behaviors by Deep Reinforcement Learning

* R.Kawamura and K.Tachibana (Kogakuin University)

Abstract—The autopilot of sailing vehicle, which has been attracting attention in recent years, requires a com-
plicated judgment that takes wind into consideration. In this study, we first construct simulations of a motor boat,
which does not need to consider the wind, of a sailing boat with a fixed wind, and of a sailing boat with fluctuating
wind. Using each of these simulations, Deep Q-Networks of different sizes are trained. And we clarify the
relationship between DQN size and the ability to acquire behavior to reach the goal.

Key Words: Reinforcement Learning, Sailing Boat, Simulation
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Fig. 15 : Model 4 Sailboat trajectory with fixed wind
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OFARAE Mek (THEBERT)
Data assimilation of sailboat roll angle
* Morimoto Asuka and Tachibana Kanta (Kogakuin University)

Abstract —

In a previous study of ship data assimilation, sequential data assimilation of parametric rollover in irregular

headwaves was performed. In this study, we implemented a particle filter to sequentially data assimilate from asynchronous
observations of wind direction and speed (sampling frequency averaging 3.75Hz) and roll angle and role angular velocity (sampling
frequency averaging 37.86Hz). The coefficient of the sail force k, and the roll inertial moment I, were estimated from about 160,000
observations. It was confirmed that the confidence of k and I increased as the data assimilation increased.

Key Words: Data assimilation, Sailboat roll dynamics, Particle filter
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Fig.1: 6 degrees of freedom of the ship
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mg=17.6
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Fig.6: A sailing ship viewed from above
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A Tank Model Based Prediction System for River Water Quality
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Abstract— In water purification plants, it is necessary to predict the quality of raw water (or turbidity)
in the river in order to put in appropriate amount of polymer coagulant, particularly on rainfall. This task
is manually conducted by operators in the plant, but these should be conducted in automatic manner for
operating many plants by a few operators. In this paper, we propose a system for predicting the quality of
raw water from the distribution of precipitation around the river. This system consists of a mathematical
model called tank model, in which a series of water tanks with their holes produces water and turbidity as
output on injecting water of rainfall as an input to a tank. We adopt so-called particle swarm optimization
(PSO) for configuring the parameters in the tank model, so that time series of actual turbidity can be
presented by this model. Experimental results show that rapid rises for turbidity can be predicted by using

this model.

Key Words: Water Quality, Tank model, Water purification, Particle Swarm Optimization
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Fig. 1: Nisou river
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Fig. 3: Mathematical modeling of rainfall-runoff be-
haviors and their tank model
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Table 1: Parameters in the tank model
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Fig. 4: The tank model with parameters used in this
paper
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Table 2: Parameters in turbidity estimation
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Table 3: Search domain for parameters in tank model
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Table 4: Obtained parameters in tank model

[N AX=&] fi& \
L11 7.37 x 1074
Lo 0.00
Lo 9.95 x 1072
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bo 1.14 x 10~*
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Table 5: Search domain for turbidity parameters

[ NoA-—& | &M [ &KfE |
Cineyy s Cinerss | 1:00 x 1072 | 1.00 x 10°
Cinca sy Cines
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ddecy ddec;;
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Table 6: Obtained turbidity parameters
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Classification of Alzheimer’s Disease by Combining Multiple Complexity Indexes

«M. Ando and S. Nobukawa (Chiba Institute of Technology)

M. Kikuchi (Kanazawa University)
T. Takahashi (University of Fukui, Kanazawa University, Uozu Shinkei Sanatorium)

Abstract— In recent years it has been reported that early diagnosis of Alzheimer’s disease (AD) and early
intervention significantly delay the progression of the disease; hence establishment of early diagnosis and
early intervention is emphasized. As a diagnostic index for AD patients the evaluation of the complexity of
the dependence of the electroencephalography (EEG) signal on the temporal scale of AD patients is effective.
In this study, we performed multiscale entropy analysis and multi-fractal analysis on the EEG of AD and
healthy subjects. As a result, it was found that the classification accuracy of AD is improved by combining

two complexity indexes.

Key Words: EEG signal, Alzheimer’s disease, multifractal, multiscale entropy, early diagnosis
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Table 1: Physical characteristics of healthy control (HC) and subjects with Alzheimer’s disease (AD).

HC participants ~ AD participants p values
Male/female 7/11 5/11 0.72
Age(year)  59.3 (5.3, 55-66) 57.5 (4.7, 43-64)  0.31
MMSE score NA 155 (4.7, 1026)  NA

FERSZMEAL HC & AD %2 283 58800 % 3l ¢
57D L7z, #HOREX, ROCAH—TDFRD
Hif (AUC) IZ X > CRHiliL7z. T DK, AUC=1.0 &
FEREZLFANT WG U, AUC=0.5 137 > & L7258 Rlz it
JGLTWS.
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Fig. 1: (a) t values between the AD and HC groups.
The warm (cold) color represents higher (smaller) ¢q
values of AD than those for HC. The left and right cor-
respond to the t-value and t¢-value satisfying the false
discovery rate (FDR) correction criteria ¢ < 0.050. ¢;
of the AD group had significantly higher values at F3,
Fz, F4, C3, C4, P3, Pz, and P4. (b) t-value between
the AD and HC groups warm (cold) color represents
higher (smaller) ¢y values of AD than those for HC.
There are no-significant high/low t-values satisfying
FDR correction criteria ¢ <0.05.



Table 2: AD vs. HC repeated measure ANOVA analysis results (F' value (p value)) in multifractal (MF) analysis
results, F' and p value with p < 0.05 are represented by bold characters.
Group Group X node
cl F =9.088 (p = 0.005) F — 1.460 (p = 0.204)
c2 F =0.654 (p =0.425) F =1.981 (p=10.072)

Table 3: AD vs. HC repeated measure ANOVA results (F value (p value)) in multi scale entropy (MSE) analysis
results, F' and p value with p < 0.05 are represented by bold characters.

Group Group x node  Group x scale Group X node X scale
F =1.233 F =1.860 F =11.457 F=0.979
(p = 0.275) (p = 0.129) (p = 0.003) (p = 0.451)
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i 35
F7 25
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2 Mt OB 2 (7 U C I DBIE % 47 723, 224
Pz 25 REDMEN 728D AD OEMEZRBSBER B G 2 e T 5
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T5: -35 ‘ ‘—All (AU‘C=1.00) ‘
cT,? t N s 00 02 04 0.6 08 1
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temporal scale Fig. 3: Receiver operating characteristic curve (ROC)

Fig. 2: Multi-scale entropy analysis in HC and AD for cl, c2, and sample entropy. The area under the
group. The horizontal axis represents the temporal- ROC curve (AUC) is shown in the legend. As classi-
scale factor, 7. tvalue between the AD and HC fier, logistic regression is used. In this case, ¢, co, and
groups(left part). The warm (cold) color represents sample entropy, each 1st-3rd principal component was
a higher (smaller) sample entropy value for AD than used separately. In the case represented by “ALL,”
that for HC. The t-value satisfying the FDR correc- all 1st-3rd principal components component of ¢;, ¢o,
tion criteria ¢ < 0.050. Significantly smaller sample sample entropy were used. We evaluated ROC in the
entropy of AD low temporal scale regions 1 to 5 (0.005 case using all these values; the results show the en-
to 0.025 s). hancement of classification ability (AUC = 1.00).
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Analyses based on Neuronal Representations of Natural Images for

Understanding the Mechanisms of DCNN Saliency Map Model
* N. Wagatsuma, S. Watanabe, M. Masumoto (Toho University)
A. Hidaka (Tokyo Denki University) and H. Tamura (Osaka University, CiNet)

Abstract—

Recent saliency map models based on deep convolutional neural networks (DCNNs) realize the

greater performance for predicting the location of attentional selection and human gaze compared to that based
on biologically plausible mechanisms. Interestingly, selection of the activation function for developing the DCNN
model is a critical factor for determining the characteristics of the responses in model neurons as well as the
performance of the trained model. In this study, to understand activation-function-dependent mechanism for
attentional selection, we investigated the correspondence between layers of a DCNN saliency map model trained
by using the Swish function and monkey visual cortices for natural image representations. Our results suggested
that intermediate and higher-intermediate level layers of the DCNN saliency map model based on the Swish
activation function have similar characteristics regarding the responses to the neural representation in V1.
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The Birth of Concept with the Evolution from Reflex to Group Logic

Kumon Tokumaru (Writer)

Abstract— Concept was invented in very low noise environment such as Monasteries and Schools. It is plau-
sible that, thanks to thorough thoughts, conceptual name is connected by group logic to conceptual meaning,
which is a set of relevant elements and without exception. It is time to understand the mechanism of concept to

rectify and develop collective human intelligence.
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Chaotic Resonance in Neural Systems under Noises

«S. Nobukawa, (Chiba Institute of Technology), N. Wagatsuma (Toho University),
H. Nishimura (University of Hyogo), H. Nishimura (University of Hyogo),
K. Inagaki (Chubu University), and T. Yamanishi (Fukui University of Technology)

Abstract— Recent progress in studies for stochastic resonance applied various fields for engineering appli-
cations. The deterministic chaos also causes a phenomenon similar to stochastic resonance, which is known
as chaotic resonance. Previously, we proposed “reduced region of orbit 7 (RRO) feedback methods, which
achieves inducing the chaotic resonance by the external feedback signals. However, this evaluation was
conducted under the noise-free conditions. Considering fact that background noise and measurement error
to estimate the RRO feedback strength exist in the real situation, the influence of these factors to chaotic
resonance must be evaluated for application of chaotic resonance. Therefore, in this study, we evaluate
the chaotic resonance induced by RRO feedback method in the chaotic neural systems under the stochastic
noise. Concretely, we focus on the chaotic resonance induced by RRO feedback signals in the neural system
composed of excitatory and inhibitory neurons that is the typical neural systems for emergence of chaotic
resonance under additive noise and the feedback signals including measurement error (called contaminant
noise).

Key Words: Chaotic resonance, feedback control, noise, synchronization.
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Functional Connectivity Evaluated by Phase Synchronization and Transfer
Entropy, Functional connectivity

«M. Tobe and S. Nobukawa (Chiba Institute of Technology)

Abstract— Various types of indexes for functional connectivity, which have developed over the decades,
opened new avenues for revealing complex neural networks in the brain. Particularly, Phase Lag Index
(PLI) defined by instantaneous phase dynamics achieves high spatial-temporal resolution; Transfer Entropy
(TE) defined by information flow reveals directed network characteristics. However, the relationship between
PLI and TE remains unclear. In this context, we hypothesize that a complementary relationship exists to
discover new aspects for functional connectivity, which cannot be detected by either PLI or TE. To validate
this hypothesis, we evaluated the synchronization in coupled Rossler model using PLI and TE. As the result,
we found non-linear relationships between PLI and TE. This relationship might be utilized to reveal the

complex spatial-temporal functional connectivity.

Key Words: Phase Lag Index, Transfer Entropy, Chaos, Functional connectivity

1 1ICHIC

EEG (Electroencephalogram) , fMRI (Functional
magnetic resonance imaging) , MEG (Magnetoen-
cephalography) ¥ Wooa—Bf X =YV
FMiOFZIC XD, @R 22/ 73 RRE DRSS T
MRDTEBZ AR T 2 e N TED KSR o7, ERD
R THALNTEDIE, JHPRYRHFETEBI D AIZHE
BL, 4 0D=2—uv Ao E OIMEREIC S
5320 WO KRED RN ZIH ORI 228 TH
5. L»L, NEDIKZ & DEfET 2720121, FRA7ZR
FRREFARAL TRLER & 7 TS B O M EARAEE & KSR BE (%
DHENKETH 5. ZDIDEFETIE, HIERETIX
BAWD Ay b7 — 7 2B % AT 7 ERERIRE & 2D
WTOELZ K ITbN 3 ki oTwa .

M DHERERICAE H L 22 AT DI FEH 513, ik
JER 7Y NA v —iF, Ik CoBRICED, KD
BEEEMRE S ICRENR I 2 Z e BHL LR > TV
234, F7z, TOZRITED, RAMHEIC MM OREE
PHEEDBEHL TV HEZ LN TV,

MO E 2 ERILT 20D HEL LTI
k& mfgERFDbATWS. ZOATH, Phase Lag
Index (PLD) &5 202D EEDOMMHDOFRIHICEH L7
1Bt %), 2 DL FORRIIR ORI O —EM 2 #EE T
2ifHae—1L 2 (I0), NAKRRIZFAXY V7R
B, RZ=—v— FMERY TS 7HEETHD W4
Y =2 b RB Y —OFEE AW R EThNT
W3 678 BEDOHIEDZ L TIX, ThoDEEE M
W3 Z T, IMOFERERIRE S DBLR X Dk & 7 I eI
DHBELERZHRTWS.

Z 2T, PLI &%, 2 00KRRIEE R OBREE
D3 DIERFMED & HERERIRG & 2 7§ 5, [E5H D
FZFARZ7-DDIEETH 5 . HARREEE L

il H DRI IS U PLI 2 F W CRSBEAS & o Lk
fTo J2IRFETIX, FAJHRIE B D IKI T & DK
¥ LEEg LT Beta P Gamma i ¥ W o 7= S B
IR TS ICRERD 5 2o TW05 2,
72, AN —RDEBEEZEDOMBFEICBIT S Alpha
I, Beta I, Gamma JHDKEBEIFEEDET Y %, i
BRODRSEC X % RTEIEREI A T O BRI DR T 25k
BB oTVDS Y,

DOBERERIRE B 2 FANZIEE Y LT, T4, HHED
EEMZ E RS 28 LWIEE T ® % Transfer Entropy
(TE : BEIB®RE) CFEEIEE-> TS 9. TE &
FBHFE2RELZWET L) —RIEETH B, £/,
TE 3504 R 2 H L CEREROB A1 5 2D
DIEEEORRENLHEEFEACERORNLERHT 2 2
T E BB IETH 5. TE B EBITMIICH LT
W LS ZHNEZE e LT, L —/IMEBIERANE
DGR, TANABRE DI L THRO ML 5
HEREMIRE B 2 R B R E M ThaTwg 11 12),

ZIZT, MERIDAVWLENTWBIEETH % PLI I,
i DA DFEHADEEWIC X D S & OB R HEE T 2
fETH 2. LarL, PLLIMESDMHEDOAICEH LT
BH, 2200EFEEMTOEROBEHROMIUIKIME AT
Wi, Fhucx L, TE XEBSHOBEROTNLE G
TRZALNZE LW R ERi > TW3. 7, PLIIR
T eRELEZDDTH B, TERID XS RERD
REZRDEYL LBEWEFAL 7Y —LFETHS. Zhd
OFEDEWICE D, PLI ¥ TE @ 2 D DFEHERNIZ I
DIEBENTRS & OHEE I BV 2 N2 BfR3 H % DTiX
TuwhrrFHEINS. F£72, PLI & TE OBERMEHHS
MR AUE, IMOBBERSE S ORIl EEZ 5h 3
AIREMEDSH 2. L L, PLI & TE ZEEEHK L -5
BERHL, PLI ¢ TE L oB@EMICOVWTIEER X<
G3hr o TV,

FITHaYEa—F—vaFrlb - ATV ANES
(2021 4£ 3 A 25 H-26 H - * > F 1 VBifE)

23

PG0003/21/0000-0053 © 2021 SICE



Z 2T, AWETIE, MOBRENFES DSy LCff
b TW3 PLI & TE OoBFRMEICOWTONT 2. 2
DEDIZVAT—FEERICE 2 DA AR TFOETLE
AWT2o00RRYIESHOMEEDREICX S PLI &
TE OFitE##~7-. %72, PLI ¥ TE OBE{RH: DM
iTo 7=,

2 FiE&
21 LZAS—EFI

Za—u VEHORPAEFANRSE DX, 2008
ENFLRAT—=a—n VETALTHONEINEZ LD
2 B AU, HERRSRCEIIZEE), 2R R R
LW L AT —HREEE T ORME D K EE R o MR T ED
OMHEERZES Y IARETALE LTRIDIHEHL TV
572DTH5.

LRI —E7WE, ITD (1)~(3) XTHKSNd 3
RO HEMAHERTH 2 Y. 2hs BRI,
TS50 RNENEE SOOI FTRT Y S R EERT B,

i=—(y+2) (1)
j=c+zy @)
,ézé—kz(:z:—,u) (3)

(D~B) REBVT, pBHEFEASIR—REH5DT
EBTHE. LoV AT =70, (3) RICIERE
Hze b0 AEATH 2. Zho DR, Figl D
5% (2,y,2) ® 3 RITOMZEMADHP & L TRZ
ns.
ZOETNIZBWT, z DEZKRr e bicTmy b
L72® DX Fig.2 103 & 5 LIRS & 72 5. A
AT, KOBEEFHOMmRIEBSOMHEERZL X5 —
MEETLTYI2L—=1FF%. XiZ, (1)~3) XD
LRI —ETNE2OMELEETVE (4)~(9) i

y A5 0

Fig. 1 ()~B) RXBIBZLRAF—FFNLDT F T 7 &R—,

0 5000 10000 15000

Fig. 2 ()~B) ROV A F—FF MBI % x ORFRHIZALL.

o4

0 5000 10000 15000

t
Fig. 3 (4)~09) ROV R —HAREFNIIBIT S
T1,T2 @E#Fﬂﬁ?{ft

£7.
&1 =—(y +21) (4)
91:$Y+%h+A@2_%) ()
b=t - ) (6)
to = —(y2 + 22) (7)
zb=mr+%m+A@1—w) (®)
b= ¢+ 2a(m2— 1) )

ABRERRELRET 270D 7 A—KTHY, (5),
(7) APEBIHE 72 5. p 3RFE T X=X E2RTER
THH, AMHETE p=57TRKRELE. ZOETI
WZOWT, z1,20 ODEZKHE b ITTay vV T 5L
Fig.3 1R IEFHNIREI R o 5.

RIFFETIE, BITNCHNS 720D 2 DDRRIES %
(4)~9) KR LELLV R —MERETNVEIDES. B
HRRFIHE LT, VA —FERETNLEZ 4RDILY
Ty RFI & o THIEMNICIR E, ZOfRIMRER 3.
ZIT, MIHMEBAROEE RS 70 ICHIHIER 10
v bEHAVWTITY, ZOFEE L 57z, KD ShT-fE
% 100[Hz] TVH > TV 7L, BBOFNS x1, 290 D2
ORIRIEE L LTHA L. £, MAHE A O
A BT, FHOBREDRRL ZRRIIRT 1(t),
xo(t) AR LUz,

2.2 Phase Lag Index f#th

Phase Lag Index (PLD %, 2 2OKRRIIEERM OB
RENIAHZE D A0 D IEXTFE D> S BERERVAE & % FEAfi 3 5,
EEMORMAZHANRS =0 DIETH 3 %),

F5, MBS OEZHTRL =012, 20DES/D
B DZE R RD B, 2 ODEE BT 2FEELTO
BHlchEEoMHEz ZhEN ¢y, ¢y £ T DL, 2
DDEEDNMHZE,

AG(t) = ¢ (t) — by (2)] (10)

ERED. 2ODEEORRINIHL, v~UL A

%O CHRRAAH  RIEZ KD 2. BEREAIAE 2 O ReR A
R B,

o(ti), k=1-N (11)

5. 22T, N@EY I, t, 3R R T v

TERLTWS.
Z OBRFAIAHO RS W T, PLLIZUTORTHE



50%.

N
PLI = |(sign (Adra(6)] = |}VZ sign (A (1)

n=1

(12)
%8, sign & signum BEBTHD, DITO XS ITER
N5,
1: >0
signt=<¢0: =0 (13)
-1 <0
T 2T, fHE Ag(t) 13,
Ap(t) = Agrer(t) mod 27 (14)

B, 20720, Ad(t) IO FEIAMES R WA X
026 2r IZ—RRICAMATHZ 05 0IAWER & 5.
F7z, NHEPHZEZHLCAHTE2EOBRHODOH 2
SHERLIEBEE LIGEWER 2. 2O kD,
PLI DEDQHPHIZ 0 < PLI<1¥7#%%. PLI = 0 I
IFEWVIZEFEEADMERV, DX DFEERHE DRV L 2R
L, PLL = 1 @RWEYRAMDEG, D% Dask
EVWIEZRLTWVS.

ZZT, 1oDEEEDSFE LK ER D EMm
THRFICEREINEEIC, ZOMESEHL TV X
SWRZATLES R 2a—Lav XTIy aryDOEE8RI
DERS eIz, PLI TRAIMHZED O, & LLAIE 7 DBHE
ZERVTWS., ZoZeickh, PLIERY 2 —2aa >
R ayOFBERZFITL VWS FlERo 5.

AWFETIE, 2 DDORRIEZITH L, ZHE 5lsec]
oKy 712K 5T PLI R L, PLI D
iy L7,

2.3 Transfer Entropy f#tf

AWZETIE, 2 DORRIIESH OERD TR KR
% FANR B 7212 Transfer Entropy (TE) ZHW3.
TE % Schreiber 512 ko TER XN, BEHRERICE
U AHEAERE, OF D 2 0DMEREHME O A DHKTE
EERTEZ—ANORRELZRIEAILRLZDDT
%2 5 15)

2.3.1 Transfer Entropy

HHERELZ — ) OREEEZRTEAILIRT 272012
Transfer Entropy (TE) Z28A3 2. 2 DO0DKRA x(t)
Ey(t) B=ra 7@ TEMTE S ERELT, (15)
RITRT b~ ra 7&Er s DRELEIET
2 KRR D R EEDS Schreiber 512 k DR & A7 10),

p(yer1ly, ") = p(Yer1lys’) (15)

ZIT, " = (4, a1y Tomy1) BERUL Yyl
(Yt, Yta1s- - Ytnt1) FENEN, m RE n RDO~<IL
a7WETH 5.

(15) RofHX, n AT v TRILTOREIGZ 60
T2 BTy DEZEZHERERLTVWS. £z, £
M, z(t) & y(t) OMG DBED D 558y DE
PEAMRERLTWVWS. ZOEZITE, KHEMZMEE

95

T BRFMLFED 1 5TH S Granger Causality ¥ HE
BINZIEF IS DDTH B 19, Ui L, TE 3
T« IERRICEE D & THAN WD 72 2 FEOMF M & 48
ELTELTS, JURIX MY THB LW HEH
HYH, ZOKRT Granger Causality £ 2742 5. Lo L,
TE T 7T — X0 LERTHE T 2RENDH 720, i
BAOMERD 2 72DDIEFICTRVRERIIZHEL T 57
E, TAYv b DB,

(15) ROFEBDK D LoD, y OEBESR (X4 F
ITR) Bx DBEIPSMILLTWEEHE, 2Fh b
5y NORBERPHRNGAETH 5.

z oy BORREAGROFEZHET 272D, 2 H5
Yy~NDTEZUTDXSICERT 5.

p(yev1lyrs =)
(Y1)
(16)
ZhUE, =6 y NOHAMAOEROTINZ EREILLD
DTHB. TOERIESNT, KR 2 55 ye ~ND
TE 3RD X S IZERTE 3.

2

n
Yt+1,Y; Ty

Tx_y = P(yt+17 |y?7mln) IOg

d
Pyt |ys*, xf) log

Zdw

dy
Yt4+1, Yy 5Ty

Txy = 3
PWerulyr”)
(17)
ZZTC, tIZHEMEDREA Ty 7 A, uw ix TR
B, % b EESUEORIERERE RLTWS, X512, 4
BEU o, BUTRWRT X557, dy, d KICOEIE
N7 MLTH 3.

zd = (x(t),z(t —7),...
vt = () yt =7,

yx(t — (dy — 1)7)

(18)
y(t = (dy — 1)7)

TE @ﬁﬁ&i, 0 < TX_>y < oo TH5. TX—)Y =0
DRZ z & y OFICHERBARI RN L 2R LTV 5.
7, Txoy B0 XD RKEWHEELZ L&, 227y 5]
EEILTWVWAZERRLTWVWS.

Z 2T, TE 3AEMCIENTH D, BRMERICH
DNTWB70, AHDIERE BINRERIHEAAEN
TWwW3. TEZFS5SKERXU v ME, MRe232D
DY AT LABOMEERICOWTOREDEF L EEE
LTWAERWZ e THS. ZhuX, RAOIHMEHEEER
DI AT 2355 IR 17,

ARFFETIE, HDAAEIE 7, HHAANRT Ml d, =
dy =didzhzh"IX=-—2eLThHL =11,
d=5%r1, 2200KRYED TE KD,

2.4 1EBIRER

AFFHTIE, 2O0DRRINEEDORHOESVWEHA
R27=012, MEHBRETHZEY Y > OHBEK
BedmLE ™. X, =30 (X.)/n BEXUY, =
S (Xps)/n B WS GRS O8] X OF X, THlT
Y OFY, i22oWT, 7Y ¥ OMEBFRE pla,b) 1

d
P(Yesuly ")



MTD X5 ICERESNS.

ZZT, n 3RINORSZERL, MHEARE p OHIFIZ
“1<p<1TH3. £/, p=—-1FTRERADHHE

Z, p=+11FELLEOHMEZRT. p=0 5 DRH
WCHER W Z2RT.

3 #®BR

AWHFE T, PLI, TE AR5 OFRIHOREEIC X -
TEDEIWMENENT 2D0%EHNE. ZDDIT,
FHADRE OE S RV 2 AR T 5. FHOREZ %
TEB3EFILELT, LAT—EEFLVEHAWE. B
wHNZIE, (4)~(9) ROV 27 —FEARE T ZBIED
WiRE, BONMD o & ay BRERIIRT ¥ LTH
Wz, W RRORRINRT I L, MR DR
MoXorefh e BE, 2T 500 #7 DEAID 10 FHR
ZHELD PRV 490 oy 2 R U7z, RERFIRTZITH LT
1%, 0.5~4.0[Hz] TONNY KSR ET 5 /2.

RRINZDOWT, FHOBREOHFEIL, HE T A —
XADEEEZDZELTITY. ADMHEEEZBHZLT
FEADFEE DR 2 BRI 2l e LT, A Offiflic 3>
DRI % Figd 2R L7z, (RHHORBED/N - F - K
Dl LT, A=0, A=0.015 A=01%2Zhzh
NI

IS DRRFIR 7KL, PLI & TE &% HWTH
HoOBREDOFMiiZIT-7-. ZDr %, PLIIZKRYI% 5
WD 98 TRy ZiznEIL, 2 bDFEERD
TE IR EHEE2 - TR, ZDE WX PLI B
R DR Y 2 R27-0, H2EERE KRR ZHHT

(a)

0.4

(Yo — Y3)?

NE

i=1 i=1

Z(Xa,i - )(tz)z\l

0.2 -
oy
L 0p
¢

I I I L
3000 4000 5000 6000

time[sec]

I I
0 1000 2000 7000

I I I L
3000 4000 5000 6000

time[sec]

I I
0 1000 2000 7000

-0.4

I I I I
3000 4000 5000 6000

time[sec]

I I
0 1000 2000 7000

Fig. 4 VX7 —-HEETNLVOEMEEME A 1B
% x1,z2. (0 = 5.7). (a)A =0, (b)A = 0.015,
(c)A=0.1

26

-0.2

I I I I ]
0 0.02 0.04 0.06 0.08 0.1

A

Fig. 5 #&E/ 87 X —& A LIRS OHBIRE p DBIFR.

ZREDD B D, —F TE IZHERDHEHRT 27200
EWVWRRIIEDDRE L . 57:DTH 5.

FEADFEE D& 5 KERVIR T 1(t), xo(t) XL PLI
¥ TE D% R 272D, A DfEZIE AA = 0.0001
LLTO0H5 0.1 £TOHPHAT, &it 1001 D A Off
TIERFDRT 21(t), x2(t) BHE L. ZLT, Zh
ZhORRIIECTHBERK Z KD 2. Figh FME 7
X=X ADEY, 20 ATELNERIIRT x(1),
zo(t) OMHBAGRE p OBARZERL TS, Figh &b, A
WR U CTHEEIC p 2EIL A = 0.07 15T p=112UX
WIBBHRTHZZehbhrb. Rz, A=0.07 (LT
p DEIF 112725, DF hEEEIHICKR->TVWS., ZD
ZXIZDOWT, Figh D (¢) BT xq, xo DRERFID
SERWIHEZ > TVWAR I b d, TR TW3
ZEenbhhrd.

PLI, TE O ZNZHDFEE T X =& AT 54K
FEER LB DA Fig.6 TH 3. PLIOHE A <0.07
DO#EIP T, TE OHFE A < 0.05 O#PAT, PLI~ 0.6,
TE~ 0.3 f{HE0EZ MR35 2. —J7, PLIOEHAE A >
0.07, TE @& A > 0.05 Tl&, WEHEY b HFIHD
L.

Fig.7 & TE & PLI OBRZBARIRL72b DTH
5. HAHRICBIIZRA ¥ M, D ADMHEICBIT DK
RINRT z1(t), z2(t) WL TRDZ PLI & TE DA
ZRLTW53. Fig.7»2 5%, TE & PLI» TE< 0.12,
PLI< 0.60 £ ClIAMERRICH 25 TE> 0.12, PLI>
0.60 20 HIEME R BARTH % Z L G AN 5.

4 ER

ARIFFETIX, FEEERIRS A OFHMliDIEETH 5, BRI
M#IcEH L~ PLI &, BRVIMORRMICER L
TE Ot#%E L. o012, hARIRBFTH 2
L 25 —fEERETNDORRIZEHWT, FRFIEODE
B DR DE W 2 PLI ¥ TE OfEOBERE%R H
N7z, ZOfEHE, TE ¥ PLI oficix, JEEE 0BG
BB EDbhroTz.

T3, BEMEASRTIX—X AL PLL, /3 TED
BRICOWTERT 3. Wy b MEHEE DA/
XWVERTIEEWEZ L, H2—EED) o IR
YF2EAMN R SN, EEREOHEINIES PLI ©
WYOBEE LTI PLILOBHEICXSZHDNEZ SN



7 055

I L I I ]
0 0.02 0.04 0.06 0.08 0.1

I I ]
0.06 0.08 0.1

A
Fig. 6 #HAME AT 2MEF M. (a) PLI D&
W AT 2K (b) TE OFRSETRE A s
BARTEE.

07

I I
0 0.02 0.04

® tel2
o te21

0.65 -
06 f
T 055

05 -

0.45 -

0.4

Fig. 7 TE ¥ PLI OBf%.

%. PLLIIFEDOREXEZRIIBIETH 20, (MHED
DAEH 0 F720% m (T & 72 3385812 PLL OfED /N L
BAHEWHISHWHEND S, T, MEOEHTIZEWTR
Va—2ayRr72aryDi2Bizkh, PLIA 1 DOD(E
BIED & FE U 22 AR O B CRIRFICR S S iz
BEWZFOMESE L TWE ES5ICRATLES
BRI B0 TH B 5. 207D, FEETHE O EEER
Tl 2 DORRYIBTFEFAMDIE L 72D, ZHIfE-T
PLI OfEIZEAP L7 (Fig6 238H). oz rid, e
RITRX—& A L RERFVIE OMHBRE p OBfR Y, PLI
YiGEmEITHT 2 ADBRI D, HBEGREIZIFL &
%% ADfEYr PLI DEXFTA DD A DEMFT Z

o7

erodbEZ6NS (Fight 6 28M). £/, TE®D
BAOOHEEYE LT, ADEOSEVEETIHIEROIRN
DEPBY LIz EZ NS, EEHREDSWIER
TRERRFIARLXEER U ORERNICZ 2 (Fig.4
22M). TE 3BROFNOELSHEEEHET 2D
DTH 23720, 5TLEFEHISEV A DEDEWEB TG
WORNDED L, TE 2P 3HEIC k- 7.

XiZ, TE ¥ PLI OBfRICOWTERT 3. /& X
TE OEFEE T PLI & TE 3HEERICH 205, H 3
TE L £l PLI 13 TE oZ5 ki LT —E#Eic IR
TAHRTFDBEREN. 20 k5%, TE OZLITH L
PLI 2L L WEEfR e o 72 B A LTI, PLI Ok
HICX2dD0EZ 5N 3. PLI CRNAHYE EOEA
DFY 2L TWB 2, ZRICEMHEEE 1, 0, -1
WCEERUL T 2 BIERE TN TWVWS. D k. PLI
DFITIRMAMEZED K Z XDBFERyLDOITED, 20
B PLIDHEICHEL-EZLNS. —F, TEWK
ERERVIOHELIRIZ & EN T, 2O X5 BRI FIcs
WTd, RASRIIFELZC WEEZORS., —F, &
WEZRFB OB W TIE, TE 137 OS5t 2R
DHEEB/RICEVT, RORRIIEEZLEL 5. Ly
L, PLIIZBWTIZZ OBI =R EEEIC L - T, L
RV O RERY TR A TRE T H 5.

L2 L, ABIZETIE, TE ¥ PLI 0B@MICOWTIR
ooz, ZOMHFE THELIRETEZOIFTldR
W, AHEOSHOBEL LT, MHAEDKREXITL-
THEAMIF%Z LT PLI Z#Hii3 % Weighted Phase Lag
Index (WPLD) %MW THEICHET 2 0EHAH 2 19),
5 #EEA

AWFFETIE, BHOMRERRE A 2 HEE T 268 LT
b T3 PLI & TE OBGRMEO T 2T/, LA
7 —MEERICK DDA ARETFOET N EMH L THE
PITORRINSEDRT 21(t), z2(t) ZEKRL, Z Ok
FRINEEH DA DR X T % PLI ¥ TE OfEOE
b, £72 PLI & TE OBRICOWTHHNZ. SO
Rk b, PLI ¥ TE XHMAMHBEREGR TR L, BEHR
WG U TN RGN D 5 Z e b o 2.

f DEERENTASE & 2 FAN B HIZEICBWVWTIX, A%
T 372012, BEOEEEHWTH & 2D S OHeE
FIATS. [ERPSLHWTE/ZPLIZIZLHE T2/
ety TE 2#AEHLETHES 2 v T, HEENEEICX
DIMOFHE KDL S OMTE 2 & 5127 2 A REMEDS
B3, Fi, BRENESCEELDZ Z 30> T
BIERFVER T NI NAL =R 2 WV o TREB DN
WOBHICBWTIHEATE 2REMEDRH 5. 1F0I1TH,
FEREMAE S OFHMB OIS HE . LT, MMESREDSIE MR EBSE
DIRBER IS B4 A~ —F ¥ L TOIEHR, Ml
BADISHNSBRAFTE 2 Y.

SE X
1) Ying Liu and Selin Aviyente: Directed informa-
tion measure for quantifying the information flow
in the brain, In 2009 Annual International Con-
ference of the IEEE Engineering in Medicine and



10)

11)

Biology Society, 2188/2191 (2009)

Tetsuya Takahashi, Takashi Goto, Sou
Nobukawa, Yuji Tanaka, Mitsuru Kikuchi,
Masato Higashima and Yuji Wada: Abnor-

mal functional connectivity of high-frequency
rhythms in drug-naive schizophrenia,
Neurophysiology, 129-1, 222/231 (2018)
Marjolein MA Engels, Cornelis J Stam, Wiesje M
van der Flier, Philip Scheltens, Hanneke de Waal
and Elisabeth CW van Straaten: Declining func-
tional connectivity and changing hub locations in
Alzheimer’ s disease: an EEG study, BMC neu-
rology, 15-1, 145 (2015)

Sou Nobukawa,
Kasakawa, Haruhiko Nishimura, Mitsuru Kikuchi
and Tetsuya Takahashi:  Classification Meth-
ods Based on Complexity and Synchronization of
Electroencephalography Signals in Alzheimer’ s
Disease, Frontiers in Psychiatry, 11 (2020)
Cornelis J Stam, Guido Nolte and Andreas Daf-
fertshofer: Phase lag index: assessment of func-
tional connectivity from multi channel EEG and
MEG with diminished bias from common sources,
Human brain mapping, 28-11, 1178 /1193 (2007)
Luis R Peraza, Aziz UR Asghar, Gary Green and
David M Halliday: Volume conduction effects
in brain network inference from electroencephalo-
graphic recordings using phase lag index, Journal
of neuroscience methods, 207-2, 189/199 (2012)
Kamil Jonak, Pawel Krukow, Katarzyna E
Jonak, Cezary Grochowski and Hanna Karakuta-
Juchnowicz: Quantitative and qualitative com-
parison of EEG-based neural network organiza-
tion in two schizophrenia groups differing in the
duration of illness and disease burden: graph
analysis with application of the minimum span-
ning tree, Clinical EEG and neuroscience, 50-4,
231/241 (2019)

Elzbieta Olejarczyk and Wojciech Jernajczyk:
Graph-based analysis of brain connectivity in
schizophrenia, PLoS One, 12-11, €0188629 (2017)
Sou Nobukawa, Mitsuru Kikuchi and Tetsuya
Takahashi:
ity dynamics with aging: A dynamical phase
188

Clinical

Teruya Yamanishi, Shinya

Changes in functional connectiv-

synchronization approach, Neuroimage,
357/368 (2019)

Thomas Schreiber: Measuring information trans-
fer, Physical review letters, 85-2, 461 (2000)
Meenakshi Dauwan, Edwin Van Dellen, Lotte
van Boxtel, Elisabeth CW van Straaten, Han-
neke de Waal, Afina W Lemstra, Alida A Gouw,
Wiesje M van der Flier, Philip Scheltens, Iris E
Sommer et al.: EEG-directed connectivity from
posterior brain regions is decreased in dementia

)

o8

12)

13)

14)

15)

16)

17)

18)

19)

with Lewy bodies: a comparison with Alzheimer’s
disease and controls, Neurobiology of aging, 41,
122/129 (2016)

Wenpo Yao and Jun Wang: Networked informa-
tion interactions of epileptic EEG based on sym-
bolic transfer entropy, BioRxiv, 543496 (2019)
Jun Lian, Jianwei Shuai and Dominique M Du-
rand: Control of phase synchronization of neu-
ronal activity in the rat hippocampus, Journal of
neural engineering, 1-1, 46 (2004)

Otto E Rossler:  An equation for continuous
chaos, Physics Letters A, 57-5, 397/398 (1976)
Katsunori Kitano: Transfer entropy % Fi\\7=%#
KRl o T, Annual Review A% 2017, 1/5
(2017)

Clive WJ Granger: Investigating causal relations
by econometric models and cross-spectral meth-
ods, Econometrica: journal of the Econometric
Society, 424/438 (1969)

Raul Vicente, Michael Wibral, Michael Lindner
and Gordon Pipa: Transfer entropy—a model-
free measure of effective connectivity for the
neurosciences, Journal of computational neuro-
science, 30-1, 45/67 (2011)

MathWorks H 7: ¥ H B
¥ & & JE {2 M B MATLAB  corr,
https://jp.mathworks.com/help/stats/corr.html
(2020 4£ 12 A 22 HIAE)

Martin  Vinck, Robert Oostenveld,
Van Wingerden, Franscesco Battaglia and
Cyriel MA Pennartz:
of phase-synchronization for electrophysiologi-
cal data in the presence of volume-conduction,
noise and sample-size bias, Neuroimage, 55-4,
1548 /1565 (2011)

Marijn

An improved index



EITYV—VEBMIZH T 5BERiRER & EREAEE L P300 DA
sa b BB, IUARRIKRE ), B AT LK),

BEMZERIFRRT), OfftE=E R R(PERRT)

Evaluation of Driving Experience and Event Related Potential P300 in

Cognition of Driving Scenes

R. Hatana, J. Maeda, K. Yamamoto (Chubu University),
S. Nobukawa (Chiba Institute of Technology), N. Wagatsuma (Toho University),
*K. Inagaki (Chubu University)

Abstract— The number of traffic accidents is gradually decreased due to the remarkable development of ITS
technologies. The accidents related to visual cognition, however, are still occurred frequently especially in be-
ginner drivers. For the cognition of traffic scenes, the scene is scanned and understand using eye movements
which are adequately controlled by the attention process. In the present study, we focused on the attention re-
lated event-related potential, P300, and investigate its response characteristics for beginner and expert drives.
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Fig.2 Experimental protocol. 10 sec driving scenes with visual stimulus (stim. trial, N=30) or without visual stimulus (no
stim. trial, N=40) was randomly presented. 5 sec gray stationary image was presented when changing driving scene. The
visual stimulus appeared at the center of left visual field in stim. trial. Subjects were supposed to count number of recog-
nized visual stimulus and to report number of visual stimulus at the end of whole experimental sessions.
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Fig.3 Grand average of event-related potential P300 for experts (left) and beginners (right). Solid line and pale colored

area are average and +1 standard deviation.
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Tablel. Perception rate for visual stimulus, latency
and peak amplitude for P300 in beginners and experts

parameter begineers experts
perception rate for 945 96.5
visual stimuls (%) : :
latency (ms) 526t74 480+48
peak amplitude (mV) 7.91%£2.29 8.161t2.39
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A Preliminary Study on Cortical Learning Algorithm for
Action Decision Using Forecast

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

Abstract— We propose an action decision method based on the cortical learning algorithm, which is
a time-series forecast algorithm. The proposed method is composed of two CLA predictors. The first
predictor is for the state, which is the input. The second predictor is for the action prediction, which is the
output. The proposed method involves interaction between the two CLA predictors. The interaction called
feedback utilizes the action data in the second predictor for the state prediction in the first predictor. The
feedback emphasizes the state prediction and helps the state prediction, especially when the state input from
the environment is missed due to the environmental uncertainty. Also, the proposed method enhances the
learning not only from the actual data of input state and output action but also from the artificially generated
data of them. Experimental results using the continuous mountain car task in an uncertain environment
show the proposed method achieves higher goal achievement than conventional methods using the deep

deterministic policy gradient and the long short-term memory.

Key Words: Time series forecast, Action decision
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Automatic Extraction of Road Networks from Aerial Images by using
Adaptive Structural Deep Learning

x3. Kamada and T. Ichimura (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 can obtain appropriate number of hidden
layers in DBN. In this paper, our model is applied to an automatic recognition method of road network,
called RoadTracer. RoadTracer can generate a road map on the ground surface from aerial photograph data.
In the search algorithm of network graph, a CNN is trained to find network connectivity between roads with
high detection capability. However, the system takes long calculation time for not only training phase but
also inference phase, then may not reach high accuracy. In order to improve the accuracy and calculation
time, our Adaptive DBN was implemented on the RoadTracer instead of the CNN. We reported the accuracy
and calculation time of our model in the experimental results.

Key Words: Deep Learning; Deep Belief Network; Restricted Boltzmann Machine, Adaptive Structure
Learning; RoadTracer
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Algorithm 1 7'5 7R T )L TY X5 1)
Require: A starting location vy and the bounding
box B initialize graph GG and vertex stack S with
vo
while S is not empty do
action, o = decision func(G, Siop,Image)
u = Siop + (D cosa, Dsin )
if action = stop or u is outside B then
pop Siop from S
else
add vertex u to G
add an edge (Siop, u) to G
push u onto S
10:  end if
11: end while
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A Whale Identification System Based on Metric Learning

R. Nakahara, *T. Isokawa, and N. Kamiura (University of Hyogo)

Abstract— This paper presents an identification system for humpback whales (Megaptera novaeangliae)
based on convolutional neural networks. The proposed system accepts the image of fluke for whale and then
makes identification for this image. The proposed system consists of two components; the first one extracts

the fluke region from the input image and the second one identifies a whale from the fluke image.

The

experimental results show that the fluke images can be correctly extracted and high identification rate can
be achieved by incorporating Adacos loss function in the network.

Key Words: Whale, Identification, Metric Learning
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Fig. 1: Examples of whale fluke
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2.2 deeplabv3
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Fig. 2: The network structure for deeplabv3
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deeplabv3
Softmax or Adacos
label

(a) Original image
Fig. 4: An example of masked images produced by
deeplabv3

(b) Masked image
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Table 1: Identification rates by the proposed system

model loss  topl-acc topH-acc
ResNet18+softmax  2.185 64.3 75.8
ResNet50+softmax ~ 2.012 66.0 78.0
ResNet101+softmax  1.940 66.4 78.0
ResNet18+Adacos 1.990 80.0 87.8
ResNet50+Adacos 1.946 82.8 90.0
ResNet101+Adacos  2.042 81.4 88.5
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Table 2: AUC values in correspondence test

model AUC

ResNet18+softmax  0.9613
ResNetb0+softmax  0.9687
ResNet101+softmax  0.9690
ResNet18+Adacos 0.9895
ResNet50+Adacos 0.9916
ResNet1014+Adacos  0.9911
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