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Application of Bayes’ Theorem to Statistical Analysis of Small Sample Data
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Shinsuke SAKAI

1. #E

AR L TR & B AR LIS R TR
B2 RDENDIEEMNIMZ T D, 2D &id, FEbk
B O EBRELICTE D, T2 DO HIRIFIIIRER S TR L
A5 D DT & LR TIE LW, BESID R LIl
i & B HEFIOBEAEMBIARTE 2 v 7 74 8132 O WA 2%
WTH 55, Hlzi1E. G.W.Mair IZHEFEE ORIV
T\%$%§®@ﬁ \ RGO N EBEAT ST &
AIRELTWE Y, 33, BE I EOEA RS 2
Vo DRERFEOE D T, GTR B 74 & T -0
WO b BMERROPNDEZ T ERALTNE Y, Zoi
HTX, AUHESENOIG» S EEN TN E THEREL T
EEHEMERG OB 2 MEEAEDEEOTND, 2
DT, RN R, FEOAR. Ay b F A v b,
53 B T O WG AR, OB W T O H O TR, & &
IZDWTEM L7, ZHICH|EHE, HEL LD T 7V 3
Vid, bAEOBURIZH U T, BARMICHERGR 0O & 6
ﬁbtif W%ﬁﬁ‘ﬂ?éﬂﬁﬁﬁwﬁ&:ﬁﬁ<%

MEBTAZETHAD TDDIT, AURELDZD
#ﬁﬁT—ﬁ@ﬁﬁfﬁéo%ﬁ$®%$i\*iﬁ/ﬁ
DOWHIE N OFYME., 738 & ORI R TH 5, L
L. REFE X v 7 OBRATREE O FAEREHE % F2Bn IS 3
5Z&1F I FHOBR»PEEZ R I LTl n, L
Y AEROBERMEICEA T EEOLREENRD 6h
5 L) T e, ZOREMRI D TNENWT & &R
L. ZOBW®RTEY VT H 4 TEKR&EL & BT LIS
WES, L. ERET -2 BEHETZ 20 THIUL.
DO B EARFE I HED W T, BHEM O B = & R
;<¥ﬁ#é’aéé18!%&:afi&w#ébh&

o LA L, BAMBIAZ 2 v 7 OBEZ. Y TILH 4 X
%k%<aé_a1%ﬂf§&wabt6\@$ﬁﬂ¢®
W ARICHEETH 5, 2D XD EGHAIS, IMERDK
RHEOFHIN IR &2, R4 THEIFEE VI ZEZ 1D 5,
Bz, 79V b OIEJIERMEOMAEE ) 2 718D WTEE
w¢éuxax ZEIZ W, RET — # OffEHLEE

IZBWTARA ZOEAMAEH I T3 DY, Zhig,
BT —ADY VTN A e RES N & EBRL

RORENLRY: FRER, it ()

https://doi.org/10.69239/hondatechnicalreview.2026_38_1 —-1-—

T3, KFFIZBEWTIE, XA ZOERDOIERNZ 2 5 »
5., IRE, JGHE EHICH > TORESEAE LD 5,

2. NA ZIRETE DR

NA ZOEIIZOWTEERNICHAT 50012, 920
FEBUZ DWW TR S, FEIELE O REHRIC 2> 0 B HERERTET
HOGHIARD 6N BB LTFTO LS BikMIchH b & &
12, TR ZORMOEHAEZZ S Z &nHEE LWL
LEIH6ND,

1L NRETZHERI D TRAEMEDRNFERTH S

2. FEBIC K> CTHRERE S EZ0ICa A, FHEHE
ERE

HRETHHERNVEMT L HEMLH D

ZOEIBRNICHB L E, 3V TH A4 X E2ICHP
TZEIEREN PRI, KEAT Y TLH A TEHiTEE
T AEARMEFOEHIENETH A5, LilRHoh oD
STHEHOHBIZOWTHiIET 5, FlAIEX. 77V FORE
EEZDEE, ERIENEROBEIRIUINIT & & O
RGBT T 5, & BB, MfisRth 2L Lz &
T 5L, ThLRE BRI b 2 IR & 21t
TAHMEEMEDH B, F72. KEL V7 5 E DRI T,
REHMERREZE TS B 2 EMMTHhETH A9, ZOHED.
RG22 2 B ES LT3 2 e Pl
B0, BWEMROEE D -0 iy v L EBMET 5 &
ITIE. W ZHEH VY TAHY A ZHRHEAZ BT L3 ENT
HAH9, ZOEI EWHELIRNTD > TE. XA THEHF
RO BRI DD HERENIETZEDTH 5,

LEHEL 72 WO BROA L ST, BHBEL A 572800
TEH S MATHLEIZ WG4 %

2. MMEL A DORFEIZ Y 720, RHEOHEN S L &%, D
PUTNYAZIPOEHTILENS Fher e b

3. REB DML B L X121k, IR TIERSR S, SOk, F 8
BEILKDED S

ARG E T, FIME AR EORKRE. Y TLT—ah
SHMEHAPZ LD, —DO D& U TRkl § % 23, R4 Xk


https://doi.org/10.69239/hondatechnicalreview.2026_38_1

Honda R&D Technical Review

Vol.38 (2026)

FEETIR. B E oD E LT 2 D Tid k<. T
NELEENIDVENELEDELTIOW/SIDTH 5,
Mo aicid, MRBEE LTI L2 TBICL ST
WETBZ e BB, TNHLEBINHER LTINS LT
b5, MEBIZEBAAZZ LT LA LEEZ S,
L Lhknh, X TEHETIE, YT T - 4 A HE
TR0 LI, HHMTbI, 20?5 L X AMEFEIC
ERISEDNTNS EVWSIZENFALE, 5T, AT
BEAEIZPOR T2 2 &0 MFTE 2, £720 RO T/ZR
ETHAHRRBOER DD 572 LTE, N1 IHEHETIE
EHIZZ O 2720, ZOEROERIZHN L T LB
LT ZERMREX NS, Lo L, wtlaigtod &I,
BMHLZWE ZONRDOHEE LFbZ &3 TERND
T, B E KLSPR L 72 ECoOEMAALEEN S,

3. NA XiRETE D EREIRIE

31.E25A

MR LUTENE v 2 #1058 L, Z OBZITE )05 i h
EMAHTH 2 S DL 5, IEBIHOMEREERIEIEX
ATEHI N5,

S (xlp,0) =

x— 2
( ﬂ)] (1)

1

ZZTx IIEAFENOMRERERTH O, BHgE LTIZEY
lfip Lo O OBEET B, f (x|, o) &, B u, o
DEHETOMREEEARTH S Z a2 d, il &5
e THBIEMAMDI L% N, o)) EEBTBZ LR
H B, LN ORI R AEHEMIZT 22 i3 u & o
ERDBZETHD, YV TIAHA X ne i kx
32 EHTEZHEIE. EATE 0 & RREASE o 13
KA SR CE 5,

a= ! in (2)

n
i=1

o2 = nil ;(xf—mz (3)

VYT X KEL LD ZERTELZDTHIL.
INOLDOREERERSFMITE 5, 2B MFTCE 20
EEID, N IHEMFOMMHEE A S, T2 TiE, fEHAL
D15 " BERITH 5 & D & L, SE u O A SR
T, INEHEETABAIZOWTEMT 5, WiHORE»
FHNDBEIZ WA TTRET & 2 2. Z DHADOHD P it
BBz 95,

AN (2)ITEKBFHIIZ & O —DDIEARFINENHEE T 5
Tl FHE EEBSAS R AN, FOEKT
BHOTHRE LRI LN TE S, ThE 3B~
THREFE L HEE R 0 12DV, MEENE 52 5, D%

D, MEEMIZ—D2DEAFD YN TEZ LE LAV, ek
FERT —anHohe§5 L, [ENERPEEDLKMET
WL 7200, LD 5722l WS ASRIIEHNEETH 3,
NA TIRFF TR BB OWERBINFERICE VT, fiE
EOREEEEATEHRL TSI L E2ITH) 2D LENRS
ZEF RS, XA ZFHI X > T W& & D RO IEfF
NEENZ DT TIEARVD, IEISEDS WS ZEiEE
A5, WHT BHOANMEEIED Z & & FRiodn, EHiL -
BORMEENED Z & & Fteon i LIS, K1 ITH&mIc
AN ET, M. %S (Probability density) Td %,
B Z LR 1 DL AREEE DB AT D D 3R
KO TH2ET5 &, ~MOBEARBEOMEFIZHD
WT, R ZEHOARICEED X | REEEMED D% 5540 58
o DIEFEIZHF 5 TL BT AR LT 5, BEZEERD Y
YINBNELNEE, D KOICROFER S SR, £
70 W U AR ¢ Z LIS X D IFRICHRE L T Z
ETB B —FIRWNC AR T B Fi oA % W SR o3 A &
MES, & L., $IS A OfE st s & o ch g,
PORO MR IZIFECE 2V T, MEICHET LI L HEH
YT H 5, IR, @B OB O KR &
L EITE, ZRICHEDSOTRET S, RBREORRICHK
DTWTHRET 5, XHERICHE SO TRET S, BEDTS
ERE D, WIS K YIS E IS
256D TIEEL, IEKRTBICHESOTREI NS &
DEDT, FENHEREIFIN S I8 H 5, Ho2 LD,
DB E 25 VIREED S 2 & — P § 3D THIUL, JRFE
12U TAEEME AR ET 2 2 812k b, 2D&D 5010
DT & % TS & RS, &1 T, A &
HE A & UCEE LS, 20 & 5 ISl 2 fiie L
THRETHZLEBMETH S, 2F 0., FHEEO AR E M
AWM E LTERBETI3DTIIEL . w2 u, DOTH

= 2
£ £
c C
3 Burst test 3
= =
= Update > =
© @
o o
< o
o 1 o |
Ho H Ho u

Fig. 1 Principle of Bayesian update for continuous

distribution
= Burst test =
3 3
3 3
o Update )
o o
I | | 1
Ha Ho Hy H Ha Ko Hy n

Fig. 2 Principle of Bayesian update for discrete
values



IMERT — 2 DIFETDIANDNA ZTEIEDEA

2, LW BT & U THEIIS 2 R TH B,

Z O, T H B FG A TIE HET B g, & p, Off
IZDWT, &4 ANt E PR BE S 5 (S 12 Ol % Bt 12 3%
FEL TS, ZOFITIE, u, ZEETH B u IZHEVMET S
2012805, u, KD BIROEFEEEZZELTLE -
TWb, ¥V TUENE SN2, N THEFHOKER,
U, DMEEENEL B-oTHED, BEAEKD p 15E0ED L
Hircx s,

3.2. AREE

3.2.1. BEREDIHETE

L. NA ZOEHTHE L2, BEEEDINT A —4
NOTHBETS, B O THBGHED., W5 L O
WL x PR D HEREEBERE f(x|0) L KRBT 5, W
HWOMEAGEETIE, YV TITF — 22 5HEHELIZ LD
FEAGE 0 3Pl 3 2 DT, EBOAD RHZ LV, —F,
NA T, 012DO0W T, FRICH DO Tl 4 HE
L. db¥TZOMHDOARHEEEICHTIHEELH DY
T3, 4. Z2ZTREHDOZDIZ O, L 6, D DD
Al ERE L, YIHOB S TO RIS B S8 & &4
PP, T35, "4 XOEITIE, BIgtIhbERIT, 4T
0, 7 0, DIIZHEDNTERT 2D EIRET 5, DF D,
P+ P, =1 &E Lariuds s v, i, B0,
TdhdETHHEEOEENETIL, P, =08,P,=02 7%
ELRETD, & AL EDOBSRFERE A LB L L
T35, 20, GHEBARIIKISO LS ENVXTERET
5, 22T, C U, Bsmah8I%8h 0, (ITFR L THAE
L7FRTHDZEamL, G, BlEXh=8Rm0,I12
WL TRELEZHRRTHD I L E2RT., 5H. HDHHR
DRAETHHERE P(HR) L RBT 22 L1255, KK &
BBHEBENC ThEB,ID, A LW HEENBIEK I N AR
13, RYKIOHARWPEE 2 5 RN TRILTE 5,

¢ G

Fig. 3 Venn diagram

P(CiAA)= P(C)P(A4|Cy)
=P(A)P(C]|4) (4)

Z ZTAIX. AND @éﬁ@ﬁgf}ﬁ%,‘f\‘ L. P(A‘Cl) S JE
CL ORIFOTFTO A HBE E BRI X TR ART
X (4)2EWT2ZLi2kD

P(CHP(A[Cy)

PA) (5)

P(Ci]4) =

"EoNhb, —Ji. P(A) 13
P(A4)=P(C)P(A|C))+P(Cr)P(A]C2)  (6)
LEFZ0T. RABIRATEZEIZLD,

P(Cy) P(A|Cy)
P(Cy) P(A|Cy) + P(Ca) P(A|Cy)

P(Cil4) = (7)
LRBTE S, X (7) DHANOBINE LS ORI T
Mk Gaohs,

P(Cy),P(Cy) &P, P
P(A4]Cy), P(4]|C2) & f(x|61),f(x]62) (8)

Wo>T, AHOBRIIETHAONZRETH D, —f. £l
P(C\|A) i3, 4 L WS BRI R D B - 72 &0 I Hilf 5D
LT CBERTAMERERT IS, BIERERE ML
7D CICRT BHEEDOERVERT I LIS DS, fiE-
T P(C|A) 3N A ZHHHOFRIMERE NS Z L2k,
P(CJA) =DV C B BRIz LT

P(Cy)P(A|Cy)
P(C)P(A|Cy) + P(Cy) P(A|Cy)

P(Cyl4) = (9)
ERE B, P(CIA) R P(ClA) 12, A L VWS BIRER A L L
12, C & GIZRTBIEEDEEVH P(C) & P(C) 5 H
WEhZlaRd, 20L&, BIRERIIHE ST,
MEEDEAVETEHL T DRNA THEFTH 5,
Bl BIRERN/HONZE 2T, 2O P(C4) &
P(C)|4) XD FR{fERE LTHHT S Z&1ckd, AL
Tl CHIT A TE S, ZOMBE, EOEEVA X
DEL BBRERLETH,NDIZ, 0 OHEEEITS .

A BlEEZ 2 5. 5. e R OW R EH A
T5& L. P p = 0. Bz o, =1 ThDLT5, Z
DO AT 5 PP & 92550 & MM & 0 L RS
5ZL%EZD, 2OBE LiloXA Z@MEHWT, —
B OMEMZ LIZHH LTS, 22 TIE, s 57
W, HEHERSE 0, = 1IZEAITH - ¢, FIlEHEE T 5 8
DETH, T, R1O DO ER ZHEE SR & T
%, &b THAHER FEFE) E/RLT0Wd, 2OD0
BERUE Fo & OO HRTHER T, B H ORI HEDS W T
RETHILEEMEL TS, HETEEOBANL 1.0 TH



Honda R&D Technical Review

Vol.38 (2026)

Table 1 Two discrete events

|Symbo|| Events | Prior probability ‘
‘ C, 0.3 ‘

u=-0.1

C, u=15 0.7

ZRENRD B, ZOHE . FEMOTHMEIZIEL <13 0.0
THHIZEb6T, ZOEMIZIEW -0.1 125 LT,
0.3 LICWEREEZ5 2, K EFhTnws 15127l T
0.7 DFEEE %R E L T 5, Th T, sffTHEBRIZL D,
COMEEREDLIICEHRIA TSI »EL I 2L —
FLTHAB, £3. N0.0, 1.0°) OIFMELZE 10 AFA L.
10 MDFEER T — 212K > TRA XHEHAITbIh T
TEBERT 5, i ZHOEEE md(i) & £itd 5., RIIDHE
BR il rnd (0) RSNz 2DRA ZFFIA (7)12&D
fTbhd, ZOXDEHEMNIE, TEOLSIZETHEALGNT
WAHETH 5,

P(C1)=03
P(A4|Cy)=f(rnd (0)| —0.1, a9)
P(Cy)=0.7
P(A4]|Cy)=f (rnd (0)[0.3, 0¢) (10)

ZZT. 1 IRHOBISEHR 4%, FERIE rnd(0) 36 H
FeZ EITRIBT 5, fEREERE ()X (1) TEHEAS
NTWb, ZOMR. HEEOEHME P(C14) BELH
%, [ABRIZ LT C, DIEEE OFEHE P(Cy)4) &, X (9)
Ik fEohsd. 512, KOFEEE rnd(1) 128 L TIE.
P(C||4) = P(C)). P(C)|4) = P(C)) & LT, ROEH =11 A
Ew, DTRRMOFIEZ#HDEL Thid kv, B4
. 10 HOFEBRFIZR§ 2 X4 THEHIZ & 5 FRIERD
ZAL AR, BAEIZEW C, OFEEER L &L B, 6
FTh 3 C DIEFEEN L DK EL T BT iR

1.04 —P(C)
— P(C)
0.8+

0.6

0.4+

Posterior probability

0.2+

0.0

0 2 4 6 8 10
Number of measurements

Fig. 4 Variation of posterior probability (P(C;) = 0.3,
P(C,) = 0.7)
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Fig. 5 Variation of posterior probability (P(C,) = 0.7,
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Table 2  Definitions of damage states

Dgtrggge Definition
1 Damage does not exceed the predicted value of the damage
model

2 Damage is at least equal to the predicted value of the damage
rate model and at most twice that value

3 Damage is at least twice and at most four times the predicted
value of the damage rate model

Table 4 Relation between inspection effectiveness
and confidence

Dﬁgﬁﬁe Poorly | Fairly | Usually | Highly
state effective | effective | effective | effective
1 0.33 0.5 0.7 0.90
0.33 0.3 0.2 0.09
0.33 0.2 0.1 0.01

Table 3 Allocation of initial confidence level

Actual

damage rate range Low reliability data

Moderate reliability data

High reliability data

predicted rate

Predicted rate or less 0.5 0.7 0.80
Predicted rate to

two times rate 0.3 0.2 0.15

Two to four times 0.2 0.1 0.05
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1 0.814
2 0.140
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ABSTRACT

The coloring of motorcycles is an important
element that conveys the concept and appeal of
the model to customers and greatly influences their
purchasing motivation. During the author’s assignment
in Vietnam, I devised a “coloring strategy” to
highlight the individuality of each model by reviewing
the coloring of all models from a comprehensive
perspective. Based on this strategy, the upper-grade
models set the trend in coloring, and the entry models
followed. This enabled us to provide customers with
high-satisfaction products. Building on the example
in Vietnam, we applied the “coloring strategy” to 50
cc scooters in Japan and reviewed the coloring for
each model. This provided each different customer for
each model with high-satisfaction color options, while
also achieving a product lineup with high business
contribution. Although conditions vary by region and
market, such as differences in market background
and production facility capabilities, the “coloring
strategy”, which aims to optimize the product lineup
by highlighting the character of each model from the
“color” perspective, can be applied to the development
of various models.
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Fig. 1 Motorcycle coloring and user fashion
influencing one another
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FICEKBETLOA YT FREABTLFIZE T AEWN
LU, 22 CakinlE HinA, ET LI L OMME%E
WRTHT—) VT OWIEETFETHI L& L. T8
EIZk D, EFTMUALICHRET T2 Z L THECTHERA
A—=VDEMBEPOHMTEZENTE . /2, KL4DE
FE & O L EIFO A T — 54 v F v TOFEBM
AREE e o572, ZHIZL D, BRRIZEAEZEIEZ 0% 2
THIENTE.

UTNIZZEDRN T =Y ¥ ¥EE A REEE L 72 NEIZ DWW Tl
R5.

2. BHEEAIEDE-SD»ITE LSV a—FFIL

21. BFDN M LEME & BRER

Wkt 7 ¥ 7 #ERE A (ASEAN) Mk o
HOMFEARIE, # 4 1ICflri%E < Honda Research &
Development Southeast Asia - Thai Office (HRS-T) T Z
Kb TnWs. Y, R FLAEFILOS T —FHA VIZ
DI TiE, Honda Vietnam g V.4 #» S5HY LTz v
77 K =L ®D HRS-Singapore Office (HRS-S) 2% Z %> T
W72 2000 FACHRIEE, BRI & LR T X b
T L DB ERRIZH DI - 72RO FEB & B, Bt
HRS-Vietnam Office (HRS-V) DB T/, 2003
F, EREAN DT LATORMZRLS B v fliano g
&, BOLERERIN A ITIMET S 2 L &5 7=,

EMER %, N A OHHICH TAZ. Honda 54 FEHHIC
HAX —#—8lo "fHEe HAHAHEMP/ZIE-HThH
SNTWBHIRE 572 (Fig. 2). B =DIF, E->TWBH
HEEIE A WEDOH 7 —DEL D, HEHNLOFHNE

THHI LT FNER»r A H T —0 md k-
TN 7228, BIZT 38R s h T,

Fig. 2 Street corner in suburbs of Hanoi in 2003

2 TR L 72 BR3¢0 T 10 A0 Honda 2 — 1236 %
M< Z e TEX (Fig. 3). Flf, KTk > Tz iigH
DA 7= VDN THRTAE. FHROL—-FH» 51
[Honda ®H 7 — 13 EEETROLZE 26 W FHABH 2R
- — ), HHE - 513 [Honda #EAZDIXH O
X, E LESTHEEL S Honda UANADHAX = =D Jr v
VW igHE»E LR EWS FEAB» 7. Honda
HFLRXTREEINTWE ZEAEARETH % &13M
WTWR, BIHOHIZ T A VR H 7 =B A->Than
ZEHHDOYZDIZL 7z, RICHEHEL-VOFTE,S,
WRPRICK Z I EEOFHR D % WA 72, Honda O T
YA ehT =0V TOMNA EDREHETH S I & &I
L 7.

Fig. 3 Example of Honda dealerships visited

22. BREEREEYa—ETIL

HT =N O EEBKRNIZE S DI EE L
U O RE, Tz O RNz, X F 40D Honda
TnHELERGE R TdH S Honda Vietnam #HRIZES Z
L, HRS-VITRE L GITHRT LD T Y v VIZhr -
7z. 79 vV Tld Honda Vietnam Ot & H¥EIBES,
2y ARIH S ZIRGEERSICEAT 3 L ¥y 7 -2 3 v
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B Cnz IRFEE RS LI, &N F 4D Honda Hi5e
JEER L, BERAREZORER, RIEEOSHER D
HHEBZEIED I AI =T VI TH5B. FI/RETH
ONFRTILDOS T Uk, & XIZRFEERES SR S
LB TH - 7.

R A2 RERBEO LY Yy F - 3 VT,
WR5EIE R LIED [TOI YEU VIET NAM (%R : T Love
Viet Nam) ¥ ¥ Y X—V JIZHW3, 4 5 X s T
FINEF XTI AT E Tz (Fig. 4).

TOI YEU
VIET NAM

Fig. 4 Characters of “I Love Viet Nam”

B TOHCHMNA TEELTIA T THEZ L5255
L, ZDF v T RZIZOVWTERERDENZ. 5=
VIOMBA LD EAEEL TOREEFRR, IOHF Tk
TRIEDF XTI RA A=V FDOEEOEFEGFNUEL, K
FEERETERNT 2 Z & # B L 2. fERDIRGEE KRS
BRI OWE. FHIABRODEBW T\, i Fy 524
ARXA=—VOEHELRERT DI LT, FERD» X RIS
MU, K04V b HIFFRRKBTELZDTIEEHZLTOD
BETH - 7.

ZORZEIZH U Honda Vietnam (L & B EFEIZmEA
Zo EHEE L. 20— HRS-V i RiZ K 05 %
B> 7-.

THGHOBREITHE L LT OEE LR, 5, MR
2, iMEP L EFIZE S ETOY 3 —ETAHHEDORZE
LEHS>TOVBERDATH -7z, G RSHITER S &
% 7= OHEMEIZ 2 » HZY > T/,

AIREEHET 5 7-9121F, HRS-VTEB LU THOD
B EEE O A &y 7 AR T & 2 BLARN 25 G 23 4%
WChot. 22T, 27 ATy a—FFTLEMLNTS
72O B XU HMEG A REFIZZLDEI L L
L7.

2.3. THEADHHEHR

a8 H, THOKMMOELHE 2SI 262
ISR L7z, Z OB TIGEE R 2T DY 3 — T VE
RIZBE % i & 2 OffERH & SV L 7z, thRAEE L

R THIRE RIS A 5720, 4 T A MIhH B
& BBEORFEIZONTOEMA L2 - 72 kIR 4
HRS-V O f5 THI¥E, %42 @i L, WHIoRRA2HD
I3z emnTE

2.4. BREARE Y 3 —ETFIVEIE

DR R A FE T 5 720, B LB B ISR X —
H— DI EEDORE KB L 7z, Bl X — F —,
HANOI SYNTHETIC PAINT COMPANY #Li%, HA®D
Honda s THUZHE LT B Bk 2t &%
MEEL T, 2O EBER»SRES N TS HAAN
BIAEB & OFT S FEBLL 7-.

B, RGeS K2 COFEERRMEEEZJPIL, BT
OEREROW AR L. L L, 2 HEUS 27
U2 = LIZEETE AW E RIS X7z ElE O BTG
i, FHEERDE LM T3 AN TE 2R, G E S
LR, BEEE D E L2 FEBREDEATE R E D X
F X E AR LEE & 5. PEREMEGEDRIZIE, R
MO AET2EHA S HD, SHDOZT Y 2 —ILTORH
FIEHDEENENITETH 7.

T b3 e, REETUEZRHEH 2 PR Lk
EEZET, ME@ISH D> BEBOKER, FHE0FEE
KODBEBA - —ETHFA FHTOERAGY VT ILDIT
ERIZER SN TV B RICEH Lz, 52T A F03K
B ARG S IEEEZ B DIFEEHYED -, HAEi
MBI 2T VARZA LT M EDDIZL W, £Z T,
A= —OFCBGZT VA FRAEHENME, 205 THR
KA 5 Z L BIRE L. ZHhICED, BEZOEOD
DFAFERFEI D JERE A ITRE L 72 5.

7z, WO ER I EETOMMP R E L% 72
B, FHIT ORI T & AULTHENE 22 & MERE D iR AN HUI T
WAERZF T I B DN —RNTH S, ZHdfliz 3
BRI RS, SRGIC RIS Z & #BKkLTn5., Ly
LEHoO#HtEdy a —EFLEELD T, BEEH{EE
L 7=PERg i3 g i, BRREIRO BHE AR D, @
Y— FON#EBHGTZ 5.

GG T 3 EEEECHHT 2 & 21213, HEDR
BAH S THEE UTHET S Z & 2L 72 2 D5
ThhI BRI X - —LDiENnELFD, 2 AUNE
WD KT OB TE A FEBLL 7=

W A — ) — CTOAER, WAL 5 TIHO%RRE
74 VT, 570 TEHADMRIBEL LS. 20
IR &)1 BB OBAE RIS BISIZED fhoaTun 2724
BE, YO TERET A VI ER 2L LEOHBIZE K
%5 W=720 7z (Fig. 5).

2O LTHADN— FLEER X —H—, 135, W5
N—REEVROBA, T TNEY 3 —FFINITERES
K L 7= (Fig. 6).
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Fig. 6 Completed show models

25 BRFEEEASE

Va—ETNERERLZRFEERKSIERENTH - 7
(Fig. 7). R7=Z EDMENH L WEIZHE S Wz a0 R
N, KB FEELSESFIC L. FOREEZEOKRT L5,
BT INECGEICHTBRALOE S A KT 72, MR

DHEFHEL—HFLOLHTRERE-EHRERLEEDLYE, 55D
Honda Vietnam B N\NDRRL T 4 — F/Ny 7 DBEM%
R B A DML 755 72,

3. MBI AT -1 > F v TDOELHEBEL

IRFEME KK T %D 2003 49 H, ASEAN Ok
%A Td 544D HRS-T &0, HRS-V T 7 —F%
BIEHE THA T 2B LTI T S L3R s h
2. ThET, MREIEEELA, 57 —FTHFAFIFv Y
HAE=I, EHHEL TR, ZOFRICE-ST, XbF
LAANZ Sy T ROBAEZEDOT T, Hop7zbOWEGERT O
M RENTE 5 K512k 572, Honda Vietnam iZ& -
T, HENCHBEBEAER T2 L WS b YA 2 %5
BHL-D7Z.

31. B0 ) 7ILEFEDTHEE

H7=b TR ED 2720, H57-HTX
FFAZEGREI DS 4 T AR A4 I EERL 72

FT5E HEI DL LA, BRI EE Rl
W, EIERBEO L D v —I12ffi> T b &S, Blofi
WHETIR I I 22RO faHEE LTRELETH 3
2, ZOEMBREOL Y v — &3l 2L T30
THAH)EVIEEMER -7, ThaiErd bR ED
HIZTAB EMAB SO BN, 2 AFDIZY-D
AT, SANAAERETHELEZIIESTVEIERD >
7z (Fig. 8). BHOD M, Bz & v Z7IZHWTHAS
E,RIZV—F =R TLEDEBWRES £, KIEEBT
WA EHFNTLY vy — LTHEEDZDELE WS,
EOHMWIZES, RIERPKANEDY T4 =N =V Y
IThB. I, BEMETEHE Lok LTo—
ME, RIEAABIZERINDZL Yy =4 2L LTD—
M2 dH - 7=,

Fig. 7 Colorful show models showcased at dealer convention draws large crowd
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Fig. 8 Users happily cruising in city at night

HE7OTEDED BT Honda _fsHDN 57—
AV TERTAS L, BENETITS 52k EHIZ
DEDENPDTHo72. LaL, D x — 5 — D i
Loy —MoOb2HIVEEVDEDEEEN TN,
EMER A IZHOFHIZE W2, THSTHS %5 Honda B
HOHEAA—H—DH v TNVO_GFHE | VWS DI, ZD
EIBETANEA A =UNNDAENTNDEDZ LT
7o, B, HFHICE < ffibh b Honda ® “HRHIZE, &
LR ML Y FOFEDRTETHA VERD AhSZ &
T, FIERPHBEZIZERWA A=V AaFRTEXBDTIE A
WhprkEZ 7.

FIT, IAVFyTERIIBT A ZTNThOET LD
VHENBELHELEDL, #5—54VF vy T IZOVWTH
AL, RETZE &7

32. h7—=F 1 Fy TREEOOT Y U [EEEE]
Honda Vietnam TiZ, MEREDES LLTFD 3 5L & IRGE

LTz (Fig. 9). & E 7L ORI A L FIZidd.

- Future (110 cc, USD1,556) : A5k —F 4 GAMBl T4 v
D FNET IV, FEoEtk 5 F &Kot IR

- Wave « (100 cc, USD856): = b —EFILELT,
Jifefl & 2 EJICIRGEAFAE. 2 ¥ — AL,

- Super Dream (100 ce, USD1,431) : 5 L {Z#E Honda

Ohi (YR1B3) Xanh Déen (PBATL)

Fig. 9

Vietnam Dz -FFIL, LA KDL N2 —HFD
YN AEARY
BETLENZTHOWHEIRR, 74V F v T EDH BN

EvbMEAEE A, AHEHAED P L Y FZEED

EEO, FATZRE OB 2E, a5y prfS o5 & B L 72

LT, UFDH 5 =0 v IR EED 72,

(1) EfiEF )LD Future & b L v FREEET L LANED
O, KIEZ T4 VRN L 2 P =V h T — &K
BMor57 492 %#FHT5.

(2) TV P —FEFLD Wave a % bL Y FEBHEETILE
MEST, r HDA v & =30 % 3% 72 | CFuture
AX=VD2 b=V h5—RMDI5T 4 9%
HFHT 5.

(3)B#D~N— v 2 EF I Super Dream #EN 5D E
BREANDL ORI T F L L ESF, a2 V8 b
FLOAET T T4y ZIZ LY FERD ANS.

Future 2 b LV FERIE L, Wave a BB EZEWNITS

HHAIZLT, 757 —2F 7 4 v o7 OHERLE BRSO

EHTHONZEIIZTBZET, 15—54VF v TDR

KRN RIECE D EH X 72,

ZDEIZEETALDH S = v 7 & BHAT, $hR

HIEFZETRT L, EPE, L T tillats s ClE

HRHE | & A0 72

33. [BHE]THESN3 L

[EIg I K O D TOEEAEHTE S LA

(1)Future DBFRIEE, WEHRLBEHFH LY FHT—D
iR A ERTE S,

(2) Wave a DBFMKIE, Br AfF Q3N o LAET L
FIEED ML Y R T —0 " lgdic FAE< .

(3) BEZEEME, LY FAEHLZRGEENE, 752 F
MG DR  ATRE L 2 5.

(4) ApEEMIZ, Future & Wave a OB EIE5eHEHHAMA[
AnTéA 71y 1 F5ZLET, SERICEPL TN
=2 —ETFTNMB LT TEOIEE, A FEDT-HEL

Xanh Lye (B142) Xanh Dém (PB1T71)

Honda’s lineup and color variations circulated at 2003 dealer convention
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HEL kB,

(5) BH A — B — B K OBEBME, BB & 5B Ic4
PE, IEATZ A2 L1220, G2 X M B RET S
(6) BXMBMIL, 794 v EGNZEKZENT IV FOA
A=V ke, P LEROTUELrTIHEL k5.

3.4. [BEBE]IERD - DEFHIHE

WL TRESE L 7211 A [ GHkIE | 4, Honda Vietnam 4L
B, BEBRICIR U [ 5 — 2821 QW & 7
VEYT = 3 VI3WID TR, EHOHGEERZTO I
love Viet Nam F v Y X—>2 5 5 =¥ & KKN7Z 5720
T, [EHEIE ISR W ERERE R > TAa LS | &G
S,

35 [BHEEIEELD-ODORBEEFE

L [ 1R - 2B b 7o, BRI Hr DRI
EZDFRHIMTS 5.

Honda Vietnam @ T2 b L v R REIZEN 2 Hitah
WZ B2 5T, &6 728 CREBIGOIR % i
U 7z, 1998 40D TG LIRE 6 4E[R T, 3T 4 v ITf
ASINZBEIZIOCATH 72, TDHIBD6@EFHLT
BT 3 ®FMZHW TV, ASEAN 12364 5 Hrlllihis &
U THi72ICWeir & TRRET 2 HIBIC LT, B LW EK
ThoT-.

WEORFRITIE, BB A - — LT F 4
HHOA VOIS T —%FFET 5 Tk, HARTRER
WD B 5%k % Honda Vietnam FHCIIES 2 FEL D
5. MBI THFA FOERH LY R &L 722 B R G
ERFTEZ AN 9 b BH B, —HTERA—FH — LHH
L7zt R AR E £ 5. HEXHATHEED S
BEROlIA T — & & N — 2 TR I A b 72 i
LALE B0, BAREIR O KR EFE SR TE 5.
Jifi, IO~ A ¥ FISREAEIZZDIZ< W LIEED
W, EFHIFEEIEOXRT D012, BRI O RS
FELRL T /272, BTSN 2 mEe LU THE CTiE S
5Z&lZL7-.

L, BHER 4 — A —I1EAE L, HARD Honda ¥ I
WSRO H B H T —H v P EFTRTHD FH 5 &
IMKIAL 72, BIE L 72h 5 —H v T h 5 BEEEIRL,
B CORHGERB L. X FaHED LY R 5 —
120D D BEEREY, ¥ g —TFADH T — PSRN & Ak
ICHEBIGII T YA SR bEH T LT, FRVH T -
Faildi. AV VI LOPMET - 2ICKDELIZEHD
HENTE 3720, #HEIMMEL LT T L.

3.6. AR E DEFIRAE
FEHEH TV U TILORD FHEEWITLT, HRD
iy o PR RS O RHF SR O F I, [ @S 1k

ZHERRETEICOWTHRL Tz, BRIFEZRICIE, M
BHFFEERM DR s K KL R»E RN/ ThH 5. &
512, X b AR A — B — OFAEEHE e A8 R 12 B 78
WRAEFHL, HEAS A 2500575 OFHli ks H
A U7z, MRHIFEERM &, SRt 4 — o — 2 2 oD 4 b
N%&/B2ZenTE, BRFFIZNEFNEAR, FEE LD
DOEPEIZHBEN DN,

3.7. [BHE]DEREHER

[EEYEIE | 55— & 75 5 Future X, #i¥#5E0 56 6 4EHD
BT —ZH LA B WNIEE KA 1 25 IGEIEAEE SR 4 REHH
L, XM FAHGTOTE 2 —& R U7 ZOHINHEK &
BWVWADDN, THOEFETA Vv EEIELTDIA VAT
AMOFETH 72, WEHZTFTDOVA F—FETLF 2V
VTR O A LR 1L, EEkIE T Honda Vietnam A%
B3I LEEERICHIRMNT 272012, EErtRET
LRICHIAWIEBIL 72 (Fig. 10).

BIZ@3IN /A LF—F IV vDr I3 TEH LY TOR
BARY L ORER, BEFHO—-MIZBRT 5245 E, H¥
BRLHTDOD O TRk E Tl 2928 L 72 (Fig. 11).

ENMMW&:yh.

-~
‘ ﬁy.

Fig. 11 Night club used for launch event; invited first-

customers’ “Future” parked at storefront
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ZHL7ZIEOMAD THRALZHIGE £ & 572 Future
W, 77 a V) A —WNEERE,SIE, 1y T,
R—T 4 & EL2OMIGAETEN (Fig. 12). L22Lzhe
SRR BRI HE T ORI & > T, H¥ED
B LN 5>TL 25, Ay Tt E, il &<
Future (ZI3&b AW, JAFOHRY) £ =3 2 2000
THAIZIEES B VnS T 57k [HyakiFhud
HoTWeET 5 e oTn 2200, MENAORRE 5
7=, [FIRFIC, SR T 5 Future 2 S BEMIT, €40
IZRA D RO FIRFIZTRDTENT NS L) Z L
IR A, 7y IOVWZETORMBEITIZED Hnkns Z
EEWIRL 72, 2 OB O®E #1072 Honda Vietnam £t
RIITZ DS @IS 25551 2 D720 5, JedIdIRFeE D5
PHIZHERT 6 A J&fEmna M L, JEUEIC Future 28R
BIEMD LI DA T 7z Z2hickd, F3IEHAE
HLTELHLETIANEDAZ—FTHHT.

Zhnr5 6y At GHEIE 6 012 [ERIE |55 —Me & %
Wave ZX %585% & 1172 (Fig. 13).

Image survey of previous Future and new Future

Before 2003 model user, N=32 § After 2004 model user, N=32

Subdued color e S o | For youth
For midiife \ || | sporty
Masculine \ | | | Flashy color

Elegant ‘ \ \ Elegant
Looks fast \ \ \ Looks fast

— I o - ) I : b
e o

Fig. 12 Image survey of Future at launch

Future

Wave Z X URUBAN SPORTY MOVER
DUET CRUISER b

PEHD Wave « & Wave ZX DiEWE, Future f A — ¥
DHT=D)VPIERH Lz e, HHEL—FITHRT L
ZX WS 3 =3IV ERHLAEZETHS. 2D Wave
ZX 3, 7=y rex =3IV IMA, 7a Y bT~4
20TV —=FERFHALEZET, HILOLETIL LG
7, Super Dream, Future, Wave a (Zfi< 4 KHDfEE L
TWHHET A2k 5.

Wave ZX OIRFEHEEUL, Future & Wave a DIRFEHE K
ICIEEALWELEG5 252 hMBER ST, ThD,
FREFLTIL Y FERELRMIiET A7 + 01— 5
LTV Y FPOMIERERI T, GIIESFE LKA ZZHE
RThHBEHEL 5. MEMFE, &2 — VI [Honda % 3%
AZZDEBOMA. H5 7% 5 Honda UANADHAER X = —D
Ay AN G | EF b Tz, [ EEREE | FE % O
Honda _i#H D4 x —VIFKE < #H K-> 7. [Honda DT
FA G, ATV IRy TR E LS5 TEA
TWZF5T7 7Y FANOE—SEald I Lk o7
M7= (Fig. 14).

FHEL T 5 1 E i E T,

Fig. 14 Honda dealership with colorful models in
2006

—J, FLU YV FREETNLTH S Future 13, FMEIZETE %
PENZE 3 5, Future II, Future Neo & ETLF = ¥ ¥ h¥i
v (Fig. 15).

THEFNDETNIZE, VLY DT T 4w b, B
BN —H T Future &Ebh % &5 B OEEPEFO &
5, 7T 7 4y 7Sk E R 2. Wave ZX, BLO
LD Wave RSA LY FAAZETFLEL Ty

Future Neo'

Fig. 15 Future, Future Il, and Future Neo achieved both evolution and continuity of graphics
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A28, LY FRIEETLELTO Future DAL
EDTHMELL T Z e ks, 2L CaflifsitT
MZE DT, HRAl, LA LEFEISHIBIZES L,
2006 F-121F 2003 4F- & Fbik U T 281% DHRFEHE R A& dldk L
7o . BT NI L OIRGES R % Fig. 16 15787

[unit]
60,000 Color strategy #4
50,000
Color strategy #2 ‘

g 40,000 ‘ Wave RS
% Wave ZX
; 30,000 -Wave «, Wave Plus
<
&5 20,000 Color strategy #3 Color strategy #5

10,000 Color strategy #1

Future Jul. Dec. ’
2003 2004 2005 2006

Year

Fig. 16 Sales volume for each model of Honda
Vietnam

HLERZETILDL — I VAL, @EIRBICETF LY
¥, TTFTILOMENKLE 5B K HITLEEIRFRE LT
HoTWZEDEZOEEIHEICEHEALZEDTH 5.

4. BAD50cc A7 —2ICH T3 [BEEE]D
/b E A

2009 -, HARDFAFHE AN L T Z2FE L, ENm
1} 50 cc 22 — & Dio D 7 — A HEARBEH ITHEMm S /.

MO EN B, BEEANEE D R E  aslk, BE
oA 2N X B AE, V-~ ay oL, X%
X F BHER D WD TEY, BHIZ50 cc A7 —4
Tzl T, 2007 SELIEOESH 7 > 2 b AfEE 2 0
LR ARG B L Tz (Fig. 17). 20O &5 Sy

[unit]

900,000 Tighter exhaust gas regulations

Strengthening parking enforcement

800,000 Tighter exhaust gas regulations
g 700,000 Assistance ratio double
S 600,000
o
> 500,000
8
(_(/J_“ 400,000 | esm— FE-gssisted

300,000 | === 50 cC
200,000
100,000

0

3-seater riding-allowed

|Bankruptcy of Lehman Brothers

()
—
o
A

1997
1999
2001
2003
2005
2007
2009
2011
2015
2017
2019
2021
2023

Year

Fig. 17 Sales volume of 50 cc model scooter and
domestic production volume of electrically
assisted bicycles

DHF 50 cc A7 —4 X —J—%rhid, BEBROIEEE KA
FERS S5 H T =N )T - 3 VOB, HEaEAD
T ¥ a7z (Fig. 18).

o ababah
= o i o o o}

o gl Xy @ alaifza
mﬂw’%

- ak ah al QOSQ
mmﬂﬂbgp er‘% “%

Fig. 18 50 cc scooter market in chaos

41.50cc R —%, 5EFIVI0EBDHF X

2009 £ Honda 50 cc 227 — & 74 ¥ F v &, Btm
Y24 Y &= KD Dio, BN ZH A, FitfEEZEH#HL
7z Cesta, A2 IV — b REHIZIANT 72 Zoomer, 77 v ¥ 3
YPEDENN Scoopy, N—¥ v 7 ETFIL Today D5ETIL
THRENWh T\ ZOH 57— T -3 3330 44
T 23 L NS IREEIZ e > Tz,

BHETILDH T =13, BEMOFERWRET — 4 25%
12, B —ZERERDEFTALF = VP EFHEDIEL T,
/2, ETAEINETROHELYT A TR AT LV P %
J A R R G |V VA o B S I Al 15 Rt O Bl S S0
72, ZTORER, TFILT EDEUTOENIZBERIZ & 5 T
W7z, 72, IRFEE TR I RTOETLDOH T —/3) T —
Vg VEKBHEBRTE R, BERIEEY COLERTE
0, R EORMLEBOCTO A, ZIE TR CE s 6 fEEIC
HBHIDETALTONR]EFS > TEANMTUADET L
AEMAT A BEMROZLRALN, BERBIPLET LV X
TNERABIETON T =) VIPBEREL TN Z &)
SAE(L LTz,

IO EIRNTDio 23 A5 —FEHELTY, BEMKIC
BB A {E A 2 1IC3AR+0Th D, BEMLITE DB
1252 T BIRALOMRYIZIZ & 6 ., ZOIRED B4
2 729121%, X b F ABHERRC T TRl & 4172 [ i
AXEAGEM, 50 ce A7 — 2 T4 v F v Tk ENIL,
%%TW_W@§ﬁ7—gﬁﬁ5;tﬁﬁﬁféét%x

L ZF LT TERIg | EH O 729121, &5 EF L0 RE R
7%&%% T# & L COWRSBEEE Z, $XTEAT
HTEH 57

4.2. BAMA T [EEEE]2009 F - 2011 £D R
FFHIOHIZ 2009 SEREHDOEY ¥ 3 = v v O
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IZHFTF L7z (Fig. 19(a). XM F 2D 34 VI v T
BHROEWYH O, HEICHEAG T B2 DT 05
72DTYy TIEMELE» 572, —J, HAD 50 cec 27 —
BDTAvFy 7, UK EDOH TORERI T 238
HThd thE, oL RTEBENIZE Yy T2 4DiEN
AERELRTVWY = L3R EZ B DOn0RERY
VaZ vy T Thol. vy T, KDV TATH
RORTLT 720, HlEEMRA  —D0 [E—H], ¥
AN A X =P [L—=Hl& Lk vy TOhLIZIE
Honda 50 cc 22 — & D 56% DHGEHEE % D % Today %
B 72, RO T Dio, Cesta, Zoomer, Scoopy & 2> &7 b
ICHAESE - -5 - RONEICEE L 7.

Hk b=~y 7HRT, EFNLZE DML THH
KThBEHIZRAER, ZhL EIZ Today DEFH 56%
EHOTND T ENRWERIEE KU 72,
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Honda’s Japanese 50 cc scooter lineup and positioning map for 2009 and 2011
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Development of Electric Motocrosser CR ELECTRIC
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In an attempt to offer a new value of EV in the
FUN category such as the motorsports, the electric
motocrosser CR ELECTRIC has been developed. The
employment of launch control and energy management
systems upon the selection and control of battery
cells enabled realization of the dynamic performance
and the range required for the motocross machine.
Developing the L-shape battery pack and optimizing
the frame body stiffness, the specification of complete
vehicle similar to the CRF450R are achieved.
Moreover, the development of high-voltage pack as
high as 400 volt along with the redesigning of the
cooling system to adjust to the electric motocrosser
resulted in the downsizing and weight reduction of
various component parts. With these measures taken,
the maneuverability and stability such as nimbleness,
roadability, and turnability have been accomplished.
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Table 1  Specifications of 2021 model CRF450R
Overall length [mm] 2182
Overall width [mm] 827
Overall height [mm] 1267
Ground clearance [mm] 336
Seat height [mm] 965
Caster angle [deg] 27.7
Trail [mm] 114
Wheelbase [mm] 1481

Front brake

Single 260 mm disk

Rear brake Single 240 mm disk
Front suspension 49 mm fork
Rear suspension Pro Link

Front tire

80/100-21 51 M

Rear tire

120/80-19 63 M
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Demonstration Experiment of Electric Outboard Motor for Small Boat
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The authors conducted a demonstration experiment
of a small electric outboard motor system that utilizes
an electric scooter power unit and swappable batteries.
As the use case, the experiment took place on the
“Horikawa Meguri” sightseeing tour in Matsue City,
Shimane Prefecture, in which a small boat is used to
tour a moat.

The braking distance when berthing was reduced
by 30% by using a switch that changes propeller
rotation direction and a speed adjustment function that
enables control even at very low speeds. In terms of
operability, the authors verified how operators used
the equipment and tuned the relationship between the
throttle position and tour boat speed for an electric
outboard motor. Furthermore, the use of swappable
batteries enabled quick battery replacement on board.
As a result, the performance and feeling of the
outboard motor were better than those of internal
combustion engine outboard motors.
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Development of Honda E-Clutch System for Motorcycles
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Junya ONO Tatsuya RYUZAKI Masazumi NAITO
z = ABSTRACT
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We have developed the Honda E-Clutch system,
which allows starting, gear shifting, and stopping
without manually engaging or disengaging the clutch
while permitting manual clutch operations when
necessary. The clutch actuator added to the existing
engine enables controlling the clutch automatically.
With the three-split construction employed in the
engine-side clutch lever and by the appropriate
detection of rider’s manual clutch operation, the
system permits smooth change over from automatic to
manual and vice versa. Equipped with the automatic
clutch, the rider can now enjoy sportier and easier
riding than before while maintaining an option of
manual clutch operations. The system is configured
to minimize restrictive factors in mounting the new
system to the vehicle so that it is applicable to various
types of motorcycles.
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Simpler/Flexible
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Conventional manual . .
Operation transmission Quick shifter E-Clutch DCT
Clutch lever and Clutch lever and . .
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braking operations braking operations g only g only
Sep g e clillo L
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control

Fig. 1

Drivetrain system types and operations
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Fig. 3 Appearance and size comparison between MT
and with Honda E-Clutch
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Fig. 4 Internal structure of clutch actuator
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Engine-side
clutch lever

(a) Conventional engine-side clutch lever mechanism

Engine-side clutch
. lever (upper)

[ | Motorized
gear

Engine-side clutch
lever (lower)

(b) Honda E-Clutch lifter

Fig. 5 Engine-side three-split clutch lever mechanism

a) Manual operation

Manual
Q ﬂ ﬁ operation
-

(b) Motor control Motor

\ ‘ \ ! \ control
(c) Motor control and override with manual operation
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Fig. 6 Cross-sectional view of clutch lever operation
diagram for engine-side three-split clutch lever
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Fig. 7 System configuration overview
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Default system state
after system startup

Automatic clutch control state

® Can be started just by throttle operation

@ Shift change possible just by pedal operation

@ Clutch automatically disengaged when
motorcycle stops

Change to manual
operation using
clutch lever

>
P —

Return to automatic
control when

Manual operation state
(No involvement of control)

® Same state as conventional
manual transmission

conditions are met

Stop
,,'.r.».-:_.:f =1
o B
-
S—— Resume

Automatic clutch control indicator

Fig. 8 Operation overview at System ON
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— engaged y Clutch disengagement
i i start position
Engine-side Clutch
clutch lever angle Paratially
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Clutch
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Throttle valve
angle Throttle off
Engine speed 1 Engine idle speed level
[ Engine stall level
Vehicle stop
Neutral
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Time
Ignition Ignition | Engine Start Cruise Stop
off on idle

Fig. 9 Transition image of each operation state at ignition on, engine start, starting, cruising, and stopping
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(a) Upshifting during acceleration
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pedal load

[ Engine ] 3 %
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clutch lever
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for clutch differential
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(b) Downshifting during deceleration

Fig. 10 Operating image at UP, DOWN shifting
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. Shock less <

Driving torque

(Honda E-Clutch)
T T A
Driving torque
(Quick shifter)

Driving torque zero level

~ [ Engine ] —
Cooperative
control

Honda E-Clutch

Clutch state: Partially engaged

_ [ Engine ] ——

Quick shifter Cooperative
control
Clutch state: Engaged

Fig. 11 Comparison of driving force between Honda
E-Clutch and quick shifter during upshift
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Technology for Lower Limit Prediction of Lithium-ion Batteries Performance after Degradation
Employing Diffusion Process Model
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A model for predicting lower limit performance
including variation terms was constructed to help
achieve performance after durability testing of
products equipped with lithium-ion batteries. To
predict degradation, the model formula includes two
types of stochastic variables: random effects multiplied
by the battery durability degradation trend term,
and a diffusion process in which variation expands
proportionally with time. Parameter optimization was
conducted by the maximum likelihood method aided
by the Markov Chain Monte Carlo method. As a
result, the lower limit performance after degradation,
which had conventionally been predicted based on 12
months of measured durability data, was successfully
computed based on only four months of durability
data. It was also demonstrated that prediction of
lower limit performance, which previously required
the two pieces of information of the predicted
typical performance values after durability testing
and performance variation during durability, could be
achieved with just one piece of information by using
the proposed model.
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where
n() = t°
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Table 1 Three types of degradation formulas with
variation terms
Independence Time
ltems of degradation | dependence Formula
trends of variation
Measurement Yes No X(©) = An(0),6p) + &
variation € =~ N(0,0%)
Interindividual Yes Yes dX(t) = u(n(t), 0)dn(t) + ogdW (n(t))
variation W) - N©O,n())
Model No Yes dx(t) = A x u(n(t), 8)dn(t)
variation A= N(0,97)

Table 2  Six types of model formulas with
combinations of variation terms

Measure- Inter-
M’f"del ment individual S":/I Model formula
0- variation | variation variation

M1 o X(6) = A(n(t),8,) + &

M2 o AX() = u(n(©), 0)dn (L) + opdW (n(®))

M3 @) e} dX (1) = A% u((©), 80)dn(6) + apdW (1(2))
X)) =Y(®) +e€

M4 O O Y (©) = p(n(0), 80)dn () + oW (n(0))
X)) =Y®) +e

M5 o O O ay(t) = A x u((t), 0,)dn(t) + apdW(n(e))
X)) =Y®) +e

M6 O o ¥ (®) = A% u(n(®), 0)dn(t)

n(®) = t,t>0,b>0,A~N(up, 07 ), 1z > 0,0 > 0,W(n()) = N(0,n(t)), e~ N(0,68), 0. >0

Table 3 List of trend model formulas

No. Model Formula Numpgr of
coefficients
5
(i) Linear Z a; X X; +ao 6
=1
Li S
" inear
(i) . . Zalxxl+z Z a;j X X; X Xj +ag 16
+ interaction & s
5
(i) | Quadratic Za +Zal X X+ aq 1
i=1
5
ag; X X +za. X X; +
) uadratic Z P
(iv) Q . i=2 i=1 21
+ interaction
Z Z a;; X X; X Xj+ag
1si<js5

X;: SOC; X,: Temperature; X5: ASOC; X,: I-charge; X5: I-discharge

M2 — 1 = 7HEOEF LR AR L2 27U, MlEd
E0%, HUES DX 2 G ETICETLREDAGL T —
ZIIFAEL EN =TT LR A S BRI L, M1 25 M6
ETAODEF N AR L= &k, MLIZMESRSE? T A
ZRINTOBURETLTH D, Thidm/D Rkt H
WBREFILERIFETDH 3.

MLV RIEHIE, HEEERTER a(0,,1) Efi5 TR
(2)D &S izFEh s,

AM(@),00) = a(bo,t) X n(t) (2)

a(0p, ) 12 BT DZERL SOC(t), Temperature(t), ASOC(t),
I-charge(t), I-discharge(t) £ 7357 X — & (aq, a,, a,, **-b) THEK
ENBHEREERTETH 5. Table 3ITRT LI
E X AP RS S RO & 5 ADE VNI b ek Sk 73 A Al o
(i) (1), B ICIER%Y L 0 E 7L (i) (v),
TR O HAEHEA BT 5 L EEHET L (i) (iv) 237
R L7z BIZEMOREEIC & 47 i 2 v 5 0
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3. NTA—4amELt7TOt XDIEE

31. NT X — 2 RE{EFE
EFALRNIZEENE PL Y FHEHDIST X —4 (a,, a, a,
b)), XEDEIEHDIST A — 4 (0, 04 0, 1) &HFEBEDT X
P = RICEDWTTIREL T 5. I YT A — 2 E &
NBZ NS, WNEIERE (Log-Likelihood: LL) # HY
TERE L-mEIC LD ST A — 2 DWEEB Z 55 7=,
ZTT, WA 1 2B B L i OVEREN & & TR &
X(ty) &52&, HETTILM226 M6 DHTIST A —4
BB E 55 ETIILAD M5 DREIERIEIZR (3)
THAZBN5. wELEIZ W CTRIRICES 2 & &8
A28, vLa Ty T g (MCMC) #4EH
U TR HEE A % 3k 72 190 O BRIIZIE, e K&
RESTHIEBAE//8T A — 2 DER{ & LTHRTE L
72. MCMC I, 789 X =2 BN LN XI5 G
RzZETHehsNI b7 vEYFHILak(HMC)
ERAL, IR KB HERME (naximum a posteriori:
MAP) 2% Z 7% 5 2 & C, mAHEEIE & K 7=,
16) = —@m(zn) —%ZlnlEil -
i=1 (3)
ST (X, — 1A DA (80))TET(AX; — 12BN (60))
However,
{60 = (00, b, . 07, 0, 02),

w € R,

g, >0,
aé>0,
0§>0,

Z, = UiAAi(eo)AAi(eo)T +Q;,

Q= o4 x diag(Anl.) + azF,

1 -1 0 0 0 0
-1 2 -1 0 0 0
0o -1 2 -1 0 0
F=|10 0o -1 2 -1 0
0 0 0 -1 2 0
0 0 0 0 -1 2

AX = (AXy, -+, AX,)T,

AX; = (AXiq, -+, AXipm,) s

AX; ;= (Xt ) — Xi(tij-1)),

X)) & wLi ORItk A AR

A4;(60) = (Ai1 (B0), -+, Aim (60) ),
A4;,;(6) = a(Bo, ti)){n(ti) = n(tij-1)}
a(8o, ti )i, ¥ i OWEHe 1251 5 HILIEERE
An; = (Ani,l""'Ani,mi)’;
Anij =n(t;) —n(tij-1) = tfj - til?j—l
t; S i 0§ FHIC, HEESBHISh 2R 1<) <
m, 1<i<j}

32. EFILKDEVA

LY R, X502 EFAREBINY 3 BICI1E, ¥
BF — 21257 2R EL¥E (Akaike's Information
Criterion: AIC)IZ& DWET 5. AIC II¥EHT — X DAIC
WEATEHREEDD, IEEETILIERTE 545
e LT eh T g, AIC ikt b DRIz H
MZERKE L THW: LL OREEE ETILNDIST X —4
B W26 (4)#HOCHEE T 5.

AIC = =2LL + 2k
k28T X — 2

3.3. 4RETBRIED T8I
A)(i,l:m, iﬁ%‘z 6 *Lf:TT@ A/Yi,lzmﬁrl @ﬁ%ﬁzf;ur@ﬁ
(5)TfRoNs.

2
AXi,, mi+1|AXi,, 1m; N(”mﬁllmi” Jmi+1|mi)’ (5)
However,
{ﬂmi+1|m,- = HAAAL', mi+1(90) + wzt,lzi_,ll:mi(AXi,l:m,-
- Il/lAAi,lzmi(eo))
0-7311‘+1|mi = O'i?mi+1 - wl?,lzi_,ll:miwi,ll
w; = (0, =+,0,=02), (my WILNZ L),
Zitm, = G/IZAAi,l:mi(QO)AAi,I:m(BO), +Q;1.ms
9'i,l:mi = aédiag(Ani,l:mi) + aezFobs'

1 -1 0 0 0 0
-1 2 -1 0 0 0
o -1 2 -1 0 0
Fops =1 0 0o -1 2 -1 0,
0 0 0o -1 2 0
0 0 o - 0 -1 2
(mi Xm; ﬁﬁ']).
2
g
Zi—l — .Q.-_l A

I+ 02D 1, (80) U Eom A 1.m, (B)
X Qle:miAAi,lm,- (HO)AAi,l:‘mi (90),‘0‘511:mi'

O_i?mi+1 = U/leAi,miﬂ(Qo)z + UgA’?i,miH + 202}

o T, FHHEERD D LMl a% % 2, & T2 L%, il
BRES i OXLD, AX,,,, BEZENIZTO, 1, FEOS
LRI AX,,; 100 X (1 — o) % EHIXEIZ, KX (6) TH
AbN%.

[/‘mi+1|mi — Omy+1miZ% Hmg+1im; t Umi+1|mizﬁ] (6)
2 2

3.4. F8 / i T — 2 DA

BEOEMTIHAT 2 b & B2 % - il RE T — 4
Yoy b &Lz WRBRICIE, 4.5 Ah 27 5 2 OHER LB % it
AL UTHY, BEMAT 2 b &Y A ZLIAT Z b O
2N TE— R TTF A N2 BT kot FEHHETFT— 2D
B ORREM AT Z b T, SOC30, 55, 80, 95% D 4 4%
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PF LR 25, 45, 50, 65°C D 4 &t BMlAabETE
Z7%5 16 XMEOREMAT 2 & 42 ABFEKL 2. 7
Z MHRT, 1E2 5 2 D4 v & — 3L %30T TN
BEMIE #F2M L, 144720 1055, F— &)L T 160 15
DF —25RB L7 A4 VLA T Z P TIE, ¥4 20
X & 5720 ORIEKFTH S0 SOC, ZH) SOC IF, i
g, KEER, KREBHROALDORK T % L27 OIATEH%E
ICHEDWTEI S N7z 27 FfFOTFT 2 P &FEfEL 72, 154
RIZo X4 HATIOEA v b, B 270 15D F — & KA
VAR L2 BEET — 21203, FEA L300 38 4
thE 122 HIChblE> TMAT 2 M &EFEEL, 451710 i
DF— 2 EHH L.

4. BREER

41, EFILBIRFER

EFLBEFIZOVT L Y FEHOEFLA 4FEHE, 13
50X EFI 6 (M1 25 M6) » &Rk A5 24
MO EFLRITH L, 755 4 — 2 ufb 2 %hE L, AIC
ZRHM L 72, € DR % Fig. 4 IR

KRG CHESE L 72 M2 20 5 M6 DWFhOBFAIZH W
THERERETFTLTH S M1 D AIC % FlH 2 HOHEHR &
Kotz fEoTC, HECRTE, 5V X AR, £7213Z 0
FraHWETLADOLFPERET — 2 # WP RKBTE
Tn3,

—fRINIZINT A= ZNENETFLRIEEREEIT ERT 5
M, 8T A=A DML T E B LPLERENE S T <.
MALMRE L EFLEAEDNT Vv ABRRA TS, 5
AIC /NS WET L EREIRT 20050 UITH 5. HL Tl

-1500
- B M Linear
-1400 1 ——T
-1300 T ®Llinear +
interaction
© -1200 N ,
< [ Quadratic
-1100 =
[JQuadratic
-1000 1o+
interaction
-900 L]
M1 M2 M3 M4 M5 M6
Variation models
Parameter 1 2 3 2 4 3
Para-
meter M1 M2 M3 M4 M5 M6
Model 4 (i) Linear -993.8 |-1388.7|-1425.5|-1386.7 |-1423.5(-1316.3
ode PR
(ii) Linear+
forcr)r;ula 5 interaction -992.8 | -1387 |-1423.5| -1385 |-1421.5|-1314.3
trend 6 (iii) Quadratic [-1035.3|-1406.8|-1426.7 |-1404.8|-1424.6|-1316.6
term (iv) Quadratic+
7 interaction -1034.8(-1405.1|-1424.7|-1403.1|-1422.6|-1314.7

Fig. 4 AIC results of each model

EFLARTIE M3 A M5 & D/ST A =2 KD ns AIC
WX, ThbEMIOAENRLDDERNVISTA—4TT
2 TCRONZEMMIERESBLOREA 52 T05E. 22
TIF2& Gi) DMLY FRE M3DETILADMAS DY
NEEBTF -2 IZRIWEAE LR E L7 16T, HlE
X5 DX % EE M4 H 5 M6 1& AIC DUEED R S k-
DETNVICEET ZUERMNZ &b h o7,

42 BEETIOEREXE T

HIECER SN ZTHMET L M3 OETLAL 2D/
T A= &N (7)ITRT. £72, SOC100%, W& 45°C T
12 22 AMA T 2 b L22FEMERE, REfbEh/z M3 O
FALTHE 7L % TR & 7= 45 56X R o 7 JlAS R
DO—flETay b LzdD% Fig. 5128, IKEGIZRESh
7 ETEIX L A T 95% BHHX M TH 5. &3 THK
7wy b2 95% DX E > T3 Z & A
TE, BEXEOTH2 @Y Z 52 T3 Z LAV
T E .

dX(8) = 1 x u((0), 8o)dn(t) + apdW (n(t))
u(m(t), 8y)dn(t) = (a,SOC + a,Temp + a,,SOC? +

a,Temp? + ay)dn(t) (7)
n(t) = t*

Term Value Term Value

Qo -5.13 Ha -1.7E-2

ay 2.6 0, 1.6E-3

a; -1.7E-3 Op 7.3E-4

aiq -3.2E-1

azz 1.0E-4

b 0.55

4.3. T— 25T DR

ABETTIER L =TT LOM» S L X 4R T 279
12, BT -2 X0 S EOT -4 (REHBLE—F
DT — 4 :24 5fF, 484 58, Y4 2 LFHLE—-F DT —
& 114 54, 226 )2 LCTPMIL 72 MEBE A o, il
L7V EE AV ERT L. €7 L TPIIL 724K

1.000 A
o 0975 -
©
c  0.950 A
i)
$ 0.925 Loso
©
> 0.900 ~ %%oo%
E

0.875 1
§ — Simulated line
3 0.850 A Confidence interval
© 0.825 4| O Measured

0 200 400
Time (Days)

Fig. 5 Confidence interval and measured data points
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M 2o PEREME & FHME D 2555 &, 7 O O PEHE R 25 T
Bl 7z Zit%ERe, e 2 b 25 (L L 724559 % Fig. 612
A, Fig. 6(a) IXELBILE— F TS L2257 — 212H
FTBHE XN T 4, Fig. 6(b) 1344 7 LHLE— F T
BLEF—2IZHT3 AN TLTHS. Z 14, 3, 2
N F NG E 99.9%, 99.7%, 95% &/W&T A{5HH
XMIZ Y725, AREtCidEE— FO7F— 2123 L T,
100%, 99.0%, 93.6%, ¥4 ZLE— FDF—KIZKIL
T, 100%, 98.7%, 94.0% DF— X &WAELTED, bk
DhHE EOWME—%T 5. Lo T, BHEIZESL TR
VB2 AT T CRBARECH 5 L& X 5. LIk, J2il
F— 2% 99.7% BHEXENIZEE L T\ A0 EwhE
HWLIEA,

4.4. F BB DOEE

TSI BE LM A RET 272012, FEHT—4
DR EEHEXBONE, XU, ERIZOWTHTEEZ
Kol BEFNLTTHIL 2 4 2 HiF S TORETX B OIS
(%) &, 99.7% EHEXBANDWUERER L2, ZOMKE
% Fig. 7 I8,
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(a) Histogram of data obtained by storage mode degradation
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(b) Histogram of data obtained by cycle mode degradation

Fig. 6 Histograms of Z values after standardization

F—= A EHNTETILARBEL 2. HEROEIE, 8
T—a L3N B 38 ok, AEF380 MO T — I LT
Bl

EHEXMEIEET - 20k L L ITbhbTIckEL
MM B 5. — FOWERIZRHIMEISELS 5D, 99.7%
fEREIX ORI R, HHERM D 99.7% WL L THKRL T
W, ZDZ W, ¥ETFT 4L 5Btk TE
X B OMBRIZIIRE B EE LTI, PG
X O LM A LS 28R b 5 LS S h 5. K
TIZ, 4 AOEFBIRIZH 0T 99% ML EOWERART
Zenn, AnHAL EOFER EET S 2 & TREERX
& PUTE .

4.5, REFFRIBFDEHEXE

k% b % 2 WIPERED B TINE, TR
NEL &5 IZEARHEFRENE 2D, FHEXEIZIAL &5
ZEnTPHENS.

10 For DX B ORIl % 5 Z 74 - 7858 % Fig. 8
12789 Fig. 8(a) BMEROMEIX 6 DEDAREE L 2T
JL M1, Fig. 8(b) "5 EHELE L 2z b X h 7= PllET L
M3 TdH5.
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models trained with data over different
periods
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Lunar Night Power Supply:
Circulative Renewable Energy System Capable of Continuous Power Generation

BEOvE AR gt K M8 Tt @ Wo— #
Ryosuke INANISHI Hayato DAIMON Kazunori FUKUMA
CI 3 Ii.* x % fig
Takumi KAWANO Toru HONDA

B = ABSTRACT

AmcorRMBE NG EZ BN E UEREMBET XL
F—V 2T LDOFKEMRED TS, EBRUHFAET L L X —
V2T LADFMEEHAHM E LT, 715 P EEKDORK
1710 DN A 27 A&k L, Hil 3 M4 OF|H
¥Ch 3 39 MDY A 2 LikBiAE B k-7

BRI A 2 7 TIIMIEE RO IC K 5 BRI O R
PEZAL A& [E L 72 Membrane electrode assembly #%al % %
Ttz KA 2y 7 TIEERRIR T O R
(EPEC B 2 SR E AR & 380 L 7. XL r AR A 2
Sy 7 TIIFIEHE & Rl k9 2 2 & TRIBH DK D
PR X v/, 70, RENGKIERZRY S & 5
= DOHER Y 2T LDOREEE B T k57

PLEOBDMAIZ LD 5 4 2L ikBR %2 3K L, THERTE
EIINE - 2T LDV HT |+ Th B AIGERIZ X 5k
MR REBAARETH 5 Z EAFEIE S, FERE 258 T
L7z

Development is proceeding on a circulative
renewable energy system for lunar night power supply.
For proof of principle of the circulative renewable
energy system, a system with approximately 1/10 the
power of the expected launch unit was constructed,
and a cycle test with 39 cycles was conducted, which
is equivalent to three years of lunar use.

In the fuel cell stack, the membrane electrode
assembly was designed in consideration of changes
in the electrolyte membrane properties due to
pure oxygen supply. In the electrolysis cell stack,
component materials were selected that have reliable
flame-retardant properties and oxidation resistance
under high-pressure oxygen. In the electrochemical
hydrogen compressor stack, discharge of stagnant
water on the reaction surface was enhanced by
optimizing the flow path structure. In addition, controls
and systems were constructed to establish stable water
circulation.

Through these initiatives, a cycle test was achieved
and demonstrated the feasibility of continuous power
generation through water circulation, which is the
concept of the circulative renewable energy system
and completed the proof of principle.
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21.CRE Y X7 LB
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B OO 72059 2 kW OB NABHELE 50, 14 HED
HET B, MRT672 kWh DBNEAVLETH B L
HEL TS, ZOEBNEEHPFOKBEREIZL D EAR
U, WHNCFIHTE 2 K5 REFT 2 LT & 5. —EW
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Ny T ) —IZEBTETERIETONAS. L, BED
KEWSyFY) =13, 1 kgdh7=0 1EMAUEYLEED
N5 AEANOERET A BEEAICA S, 72, A0
BREETICH 55y 7 ) —MRIKR T 2 P32 729, /3y
T —HRERDIBENEEETIMLENH D, HIEOH
Mo %05,

B D CRE ¥ 27 413, KB tREIZE->THRLEN
B TCAREBX ML, 186 N7KkHRKEBRERBIIE
EE @xa;a@muwsmecxa/ﬂ:ﬁﬁbf
FRET 5. X HICRERICER SN2 KEFOERSHS
22k, fWkbin % i 52k Eav T hELT
W%, Table 1 12 )& 672 kWh OREAME L 72, Pk
K7 CRE Y 27 20& a3V FE—3 v t OMEEEA/RT.
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<8 Rk T 2 MK & KA T IR SR OB T
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Table 1 Expected mass of each component of CRE
system
ltems Mass (kg)
CRE system 727
Storage system 814
Fuel water 370
Total mass 1911

LTkKE, BHBRBELRLA IV TEFC 24 9 7ICG
L, BEEBIZKS. £/, FC 24 v 7 TIERIEIFIZAKD
R E NS 720, ThEBKEEC 24 v 21 fila LGB &
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Fig. 1 Comparison of energy density between CRE
system and Li-ion battery
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Fig. 2 Schematic diagram of CRE system
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Fig. 3 CRE system configuration
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Fig. 6 Schematic diagram of EC
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B/, HOEH, FC 22 9 20, KUK 2 Y 2 DIES
OHFEERT. 144 27 LIEZEC, EHC 22 vy 2 Z &I
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EC stack

(a) EC and EHC systems
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Fig. 12 CRE system for demonstration test

Table 2 Specifications of CRE system for
demonstration test

CRE

system System weight [kg] 2900
Average power (generation mode) [W] 221.6
sgcc;k Stack weight [kg] 50
Stack dimensions [mm] 570 x 266 x 250
Pressure of generated oxygen [MPa] 14.7
EC Average oxygen production rate [g/h] 179.5
stack Stack weight [kg] 260
Stack dimensions [mm] ®393 x 447
Hydrogen pressure increase [MPa] 70.0
EHC |Average hydrogen pressurization rate [g/h] 225
stack Stack weight [kg] 470
Stack dimensions [mm] 460 x 623
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1: Pressurization mode  2: Storage mode
3: Depressurization mode 4: Generation mode
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Fig. 13 Operation transition of CRE system
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Fig. 14 Power generation in each cycle
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New Transmission Mechanism Technology Utilized in Prosthetic Legs
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The researchers developed a transmission
mechanism that combines one-way clutches capable of
rotating in both directions and can change speeds by
switching the connection state of the clutch.

This makes the clutch smaller and lighter than
an electromagnetic clutch and makes it possible to
transmit driving force for both forward and reverse
rotation. Other features of the mechanism are that it
consumes power only for switching, not for maintaining
the rotational state, and there is no limit to the number
of speed ratio levels that can be set.

When this technology is applied to motor-driven
prosthetic legs, the walking speed is independent of
motor performance, which means that the motor can be
made smaller and the prosthetic leg can be made lighter
due to the power savings. In addition, the swinging
of the leg while walking can be made quieter, which
expands the life possibilities for users of prosthetic legs.
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Fig. 1 Types of prosthetic leg

Yield

Provide flexion resistance to knee joint.
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Fig. 2 Yielding and buckling

Table 1 Issues addressed by this research

No. Issue

1 Power saving while walking on level ground
(battery downsizing)
2 Reduction of motor drive noise while walking on level
ground
3 | Walking cadence independent of motor performance
(motor downsizing)
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Fig. 18 Transmission switching when going upstairs

Table 2 Phases, modes, and their goals

Situation Phase Transmission Aim
mode
Walking on level Swing Neutral Easy to handle
ground/going Stance High speed Yielding
downstairs
Going upstairs Swing High speed Avoid steps
Stance High torque Lift weight
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Table 3 Issues addressed, countermeasures, and
results of this research
No. | Issue Countermeasure Result

1 | Power saving while
walking on level
ground (battery
downsizing)

2 | Reduction of motor
drive noise while

During the swing | Power consumption only for
phase while switching, except for activities
walking on level that require power (e.g. going
ground, do not upstairs)

perform extension ["No motor noise except for

and flexion by the | activities that require power (e.g.
motor, only switch | going upstairs)

walking on level

ground the state of the

3 | Walking speed knee joint. Walking speed independent of
independent of motor motor performance because knees
performance (motor are not moved by motors during
downsizing) walking

Table 4 Performance comparison of roller friction and
electromagnetic clutch

Roller friction Electromagnetic clutch type
Features type Company Company Company
A B C
Outside sh
u S;n‘fnf) ape ®25 106 ®75 ® 90
Mass (kg) 0.2 1.5 1 1
Static friction
torque (N-m) 15-20
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Construction of Turbulent Component Decomposition Method
Using Time Filtering with High-speed PIV and Application to Hybrid Engine Development
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A time filtering method was constructed as a means
of decomposing the turbulent component that contributes
to promoting engine combustion. This time filtering
method used the frequency at which the frequency
characteristic of the in-cylinder flow changes as the
cut-off frequency, and this frequency was confirmed
to correspond to the time scale of the relatively large
in-cylinder flow induced by the combustion chamber,
intake port, and piston shapes. It was also clarified
that the cut-off frequency can be uniquely determined
by using the inverse of the integral time scale of in-
cylinder flow as the cut-off frequency. The time filtering
method was applied to a flow field equipped with a
tumble control valve, which is an intake switching
device. The obtained turbulence was highly correlated
with the combustion duration of a metal engine,
which confirmed the reliability of the decomposition
method. The time filtering method was implemented
in commercial analysis software and applied to hybrid
engine development. Turbulence was enhanced by the in-
cylinder flow enhancement specification that changed the
intake port and piston shape from the early development
specification and verified the in-cylinder flow
enhancement concept for achieving rapid combustion.
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Fig. 1 Velocity and frequency characteristic of in-cylinder flow
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Fig. 2 Comparison of turbulent kinetic energy
obtained by time filtering method and
cycle average method

3. BT 1L EDIEE

3.1. BB AE

311. I T R
IVYVOEEGEILAE Table 112, TV Y VO %
Fig. 3IZNZIURd. TV Y v A St/hMuyL —v
OMTRERKAE T Y v ¢, R7%IE 73 mm, A
b2 —=21389.4 mm T 5. WKL PR NI T XTI
N_OFTOATHS. ANy P70y 7 ORIZHIER 2
V- T RREEINTED, WKATH? 5 MRS, T T
V)Y ANOMT M6 LT 5 Z ERARETH
5. MERYEZ M YO by TIRRIEERE R K 0 IIRAEE
PDHBETHS. B2 LY Ty afifts b2 k5561

Table 1 Engine specifications
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Fig. 3 Appearance of optical single-cylinder engine
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Fig. 4 Measurement range of in-cylinder flow
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Fig. 5 Layout of PIV system for construction of
turbulent analysis method
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Fig. 6 Measurement region and analysis area for
construction of turbulent analysis method



BEPIV ZAWEBT V2ECLIEAREISDOBEFEBEE NI Ty FEHI > D CREADEHA

B &Gl oy & Uz (FEBTH S N2k . Z DELFIK
i Fig. 8(b) T/ Y & BRHE O @ g 250 2 FF- il
ISHY T 5. 34 7 IV PFEE OB R 4 2 LT
U 72388 h 5 HERL T — ) 284002 K0 JEECR M %2 SR T
Fig. 8(a) "REDEMT/R L7z, YA 2 I FEREDELTRK
IR T 4 L B2 BEE A 2 EEEO AR FLIZXD

PHE N 72RO TH D, B U % 72 ik A3 i
T 4 AFITH U GEHKRIZEHT S Ty b, Z ORIl

SN 75T Fig. 8(b) DR 7 4 L 2L YA 7 LT
BOMREZED 2 V-, TabB RGO A 2L
ZEHTH 5.

Exhaust side Intake side

. Analysis area (Fig. 6) 1st - cycle
ol

322 BENBEREENS RIZTRE

Wi 7 4 L A TEBICE S &5 % 505 5 e
IZOWTIRIT & 35 Z 7 5 7=, W3 fRBEDMRIT I IZ 354 %
u BER DT I E 2R ML E, NJIETHEA Fig. 9
“mT.%mﬁm&iH*#ﬂT*5%77yﬁﬁ§ﬁﬁ
B 22K D EEICIRA 872, ZThdk b, R
SYIREEA 10 kHz 705 2.5 kHz FEE O T & AU TE % » %
L5 2EWNBICRE AR BIRONE» 572 22T, &
fENT TR 7 — ) T WA B I B> TWB 2 b, B
B REe AP XEBETA YTV Y ICKDEDARY
ML & IREE S RBEDD 1/2 DI TH 5T 4 F X bR

2nd - cycle 3rd - cycle

19
E"“ ;’.': E.m
- -
b
ko Tumble vortex center ™
I 1 L il 1 bl 1 I 1 1 T 1 i i I i
-0 -10 L] 10 0 Bl 10 [ 1] n o -0 10 [] 0 0
X [mm] % [mm] % [mm]
4th - cycle 6th - cycle
or 3 e T —
E-}D
-
20
L L 1 1 1 L ' L 1 1 1 1
0 10 0 10 o -0 10 L] w0 0 2 1 [] 10 20
. * [mam] x [mm]  [mm]
Cycle averaged-velocity [m/s] Instantaneous cycle velocity [m/s]
e A Il =
0 5101520 25 30 0 10 20 30 40 45 50
(a) Cycle - averaged (b) Instantaneous cycle
Fig. 7 Comparison of cycle-averaged in-cylinder flow and instantaneous in-cylinder flow for 6 cycles in
measurement region, Ne = 1500 rpm WOT at 6 = 300.1 deg. BTDC
Mean flow component  Turbulent component
(Time filtering method) (Time filtering method)
| A
1.E+02 f 1l ! !
Cut-off frequenc
q y c_slope Energy of 40
1.E+01F time filtering method 30
d X (Blue painted area) Turbulent component Turbulent component
‘-‘ . 20 (Time filtering method) (Cycle average melhod) T I
1.E+00 | i AL 1]
Overestimated area of 2\
%\ .zm 10 g
cycle average method =\ o i m T I ;m { ,
&, 1.E-01 {{Area surrounded by black LA L [ [ [] —. 0 L " I VE. H?‘ [
T dotted line) fis TR 2 1r L ‘ ,ﬂ“ﬂl {1 I‘
E A 9 £ 10 w MWJ‘ “ *Wl
w 1.E-02- ! Energy-of | | > 9 [ ;ﬂ\m )
i~ cycle average method i TQ{ M
1E-03L | (Red painted area) gtﬁ!@ -30 “ J. Difference
: i = _40 [ —— Instantaneous flow (1st - cycle)
50 e |\lean flow (1st - cycle)
1.E-04 |-| —=— Cycle average method H Cycle - averaged
—=— Time filtering method -60
1.E-05 ‘ ‘ 360 300 240 180 120 60 0
10 100 1000 10000

f [Hz]

(a) Energy spectrum

6 [deg. BTDC]

(b) In-cylinder velocity

Fig. 8 Comparison of energy obtained by time filtering method and cycle average method at analysis point,

Ne = 1500 rpm WOT
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Fig. 9 Effect of time resolution on cycle-averaged
in-cylinder energy spectrum at analysis
point, Ne = 1500 rpm WOT
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Fig. 10 Comparison of spatial-averaged integral time
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condition is Ne = 1500 rpm WOT.
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Table 2 Specifications of tumble control valve

Specifications Flow part Gpjate [Mm] L piate [mm]
UF 2 mm Upper 2 93
UF 25 mm Upper 25 70
UF 50 mm Upper 50 45
LF 2 mm Lower 2 93
LF 25 mm Lower 25 70
LF 50 mm Lower 50 45
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Fig. 15 Effect of enhancement of in-cylinder flow by
TCV in analysis area, Ne = 1500 rpm WOT
at 6 = 0.4 deg. BTDC
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A study of combustion methods was conducted using
3D combustion simulation with the aim of enhancing power
at full load and thermal efficiency at partial load for a big-
bore spark ignition gasoline engine for large motorcycles.
The effect of passive pre-chamber jet combustion on power
was confirmed at full load. It was further confirmed that
a jet sprayed from the pre-chamber into the main chamber
caused an increase in turbulent kinetic energy that sped
up combustion, and that increasing the compression ratio
from 10.1 to 12.1 resulted in an enhancement of 3.6% in
indicated work at full load compared to conventional SI
combustion. At partial load, the effect of pre-chamber jet
2plug combustion, achieved by ignition in the pre-chamber
after the ignition of the main-chamber side-plug with the
aim of enhancing combustion stability, was confirmed.
The jet sprayed from the pre-chamber facilitates ignition
by coming into contact with the flame surface generated
by the earlier ignition of the main-chamber side-plug. It
was confirmed that this resulted in an increase in indicated
thermal efficiency of 1.7 points at partial load compared to
conventional SI combustion.
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Fig. 5 Schematic diagrams and specifications of engine
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Table 1

Calculation software and models

CFD software

CONVERGE v3.0.19

Turbulence model

RANS -f

Spray model

Rosin-Rammler and Rayleigh-Taylor

Combustion model

SAGE detailed chemical reaction

Ignition model

Add energy source to ignition point

Fuel chemical
reaction mechanism

Regular gasoline
SIP-Gr2.0-S5R

Mesh size [mm]

0.125-1.0 (adaptive mesh refinement)

Model parameter

Turbulent schmidt number: 0.5

Reaction multiplier: 1.15
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release rate between experiment and CFD
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Verification of HC Trap Materials and Catalysts to Reduce Exhaust Emissions
during Cold-start in V6 Engine
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Hiroki TAKEORI Koji NEMOTO Yuki OKU

ok R OE S LT O N it ok B W

Ryohei IKUTOMO Keita NAKAO Toyohiro USUI
B = ABSTRACT

INETO=JOMIEY 27 A TRREHEAHEL VT Y ¥ v
REIEZO T I v ¥ a VIR EBIZ, LW HC F 7y
THRE F T 9 T U HC #EKLELT 57200 HC
Bt & M AaA b7 HC b F v Tfildit A BA% L 7. HC
Ny TEPRE LT, HC 25 79 4 RISmOlfLE 24
U, (b 2 et 4 5 4 4 VSl oREL 25D 5 2
ETEDEERETHC OWFEE[REE A XL T4 b &L
T, Ag-CHA & Cu-FAU #ZF¥8L7=. £7=ifEL 7z HC %
BIRMNCEHLT B 7201213 HC WALl @ % HC +F v
THMOERBICHESTSZENEETH D, HC Fbiitic
Ce0, & Zr0, & 1: 1 THIA L 2R AR T Z %
ZET, AN F A AP VEATIZEBNTEMREL 72 HC
AL TEAZ L AW SMZ L. TOHC FT oy Il
g, 77 FMICRELZ Ve Ty Y VIickiT 5 LA#4
E-—FDOZIvya VRBICHWT, TV Y VIRHIKO
HC HEHY 5 %59 50% Hillk$ 5 Z & AT 2.

In order to reduce emissions immediately after
engine cold-start, which is a challenge for conventional
three-way catalyst systems, an HC trap catalyst was
developed that combines new HC trap materials and
an HC purification catalyst for efficiently purifying the
trapped HC. Ag-CHA and Cu-FAU were developed as
zeolite HC trap materials that have pore sizes close
to the HC molecular sizes and can adsorb HC up to
higher temperatures by increasing the stability of the
exchanged ions that promote chemisorption. It was
also clarified that arranging the HC purification catalyst
layer in the upper layer of the HC trap materials is
key to effectively purifying the desorbed HC, and that
adding an oxygen absorbing and releasing material
consisting of CeO, and ZrO, in a 1:1 ratio to the
HC purification catalyst enables purification of the
desorbed HC even under stoichiometric conditions. A
V6 engine with this HC trap catalyst in an underfloor
arrangement was able to reduce HC emissions during
engine cold-start by approximately 50% in the LA#4
mode emission test.
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Fig. 2 Direction of enhancement of HC trap material
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Table 1 Gas composition of model gas for evaluation
Gas Concentration

Propylene / ppmC 348
Isopentane / ppmC 108
Toluene / ppmC 408
Isooctane / ppmC 336
NO / ppm 500

Hs / % 0.17

CO /% 0.5

02/ % 0.49

CO, /% 14

H,O / % 10

N, Balance

RO UBHBEHES 2 & LTH Y FAAFA IR 2. H AYiE
13 25 L/min(SV 50,000 h™ #1%), F##fEE % 40 ‘C/min
ELZ M EREIA (L) 26 R/ M L2 WA HC IREI
1200 ppmC & U 7.
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(= (1 ﬁﬂaﬁ%iﬁ)\ﬁcb%f%)xmo (1)
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Y+ 74 FORERERT. 22 TIEEF T4 LR
EHC 94 XOWEHLROBGRM 2 ERT 5720, Pk
ZHD/NEVHC RKE WV HC O 74 4 RIS OAIFLEE
ERio2¥ A 54 P EARBEL TR, NEWhE»5 CHA
< MFI<BEA <FAU QAT E &%, HlEIZH WS4
TLFEEFTA PHAEE AT Y —{LL & 254 mm X 60
mm(30 ce) DIA—F 4 54 pEIN=HLIZa—-bPL, %
D% 500°C T 2 BRBER L =& W7z, ZOFHMETo 4
ZHRIE Table 1 DEF A A TIEEL, 3974V (CH]
325805 H 1) 300 ppmC &R D AD MM A
BT, CE&E 37258 FTIAXRFEML Tb. ZOMKRL
D, MFUEEISEN P34 XD HC A X DI X0
i THh b Z AR ENS. ThiesE 2/ HCIA
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Fig. 5 Influence paraffin carbon number on adsorption

rate of various zeolites evaluated with 300 ppmC
various paraffin and N, gases

Table 2 Propylene adsorption rate on various
ion-exchanged FAU

Element Cu Ag Cr Co Ni Mo
Adsorption rate [%] | 5.1 | 13.0 - - - -

FEA 74 & LTI CHA, MFI, K771 HC Tid BEA,
FAU Zfefiie L CEEL 7.

KIACFIRAE # 2T 5 720 DA F v sg Iz D0 T
(&, 1 HC Y & K531 HC 1 T2 e il i 5%
T FEh L 7z,

3.3. /NP F HC WiER A + X REDRTE

T/ FHC AT DA & VR HRFEORED 720 & L
T, FAU ¥4 54 MIHiA DA & v 25z EA L HC
HRUEOK A, Ny HCHD—D2ThHB7utL Vi
FAOWTHEEL 2. ZhF TNV HC 51 & O ILER
EIEA F v TOWELH 5 "7 WA EY 72 HC b
T THMBOMENI D RN 2 5 REICHEREA B Z 55
7z. ZOfER%E Table 212/ 3. Cu, Ag DA TR EREN

REN, FRHC Ag TG EOIREMERA SO N2 Z & »
S5/ HC DA F+ v 3 fafdil UT Ag & L 7=

EHICAg ¥ T4 ORI 5T k7. 4 &V
ZHFRIZH AR DE B EA T4 b ORI & 5 CTlid#EE A
ZT B Zermon Tl 7T -y r%oMaERHEIE
WHTH D, FfFid7 a7 VB (LK, IRTFEE D) Bl
Lo (850C) & L, XTI 7T u v L v L BEORSE
HA% B8ORS, 7a—TILhy b#BHL 2254 20 B2
TIZUID B A2 T a8, FRISHIE 10 vol% &k 5 k5
KREFMU 72, LD/ ¥4 7 4 Moo CHA,
MFIIZ Ag Z8A L7 Ag-CHA 5KV Ag-MFI DT —
V7l (Fresh) & T— Y v 7 #%O 70 ¥ L v IS MEREREM
KA Fig. 6 IZ/R9. Fig. 6(a) T/ Fresh i3 Ag-MFI
2 Ag-CHA K0 & SRS EREZ /R L 7228, Fig. 6(b) @
I =V VB TIE Ag-MFT IS HSRENS S & 1,
Ag-CHA CURFEHBEDMEF AR &=, Z OB %
BIEI 10, AgA AV, ¥4 T4 b OIREZEAL % @I L
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Temperature [°C]
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(b) After aging at 850°C

Fig. 6 Propylene adsorption and desorption profile of

Ag-CHA and Ag-MFI



VB I IIHTBBREIFT I v 3 RBAHC Sy TMBB LU HC bT v THIEDIREE

2. TV I%oMEE LT Fig. 7 12 Ultraviolet-Visible
Absorption Spectroscopy (UV-Vis)iZ&k b AgDAA* -2
7 A4 =R E/RT. Fig. 7(a) ® CHA LD Agdp T -V v
R ORI L D D5 <, WIS Fig. 7(b) O MFL o
Agld s 7 2 4 —(LWHEFT L Tz, X Bl (XRD) ¢
{ CHA DF A& = —2 v itk OfE S LEZ B 23/ X
o722 L AR Y TR L TH D, CHA kD Ag 2 kD
RETHDIE, THIZX->TEX T4 M S KD RE
L5 B 1 OWAERRESHERF T & 5 Z LAVRIE S Nz

3.4. KA FHC WER A + L X HEDRTE

WIZ CH DL ED KRG+ HC ML, R &RE & —
79 bE LT, FAUXYA F4 M2 3.3, &RBEDA F+ V52
i A E A L HC A o Jhig & J2fii U 72, Fig. 8 12
RPEERERT. ZORE CuDARH 150 225 300C D
WEBIZ 2= BRERE 2 AT 2 &8 b7z Z
NETOHC +J v Tk E Lol 0HERIE LT
CubAAD 4 Y THRENS 50T » 5 150°C IZIRE Tl
EHET38DOL2%L, 2O CuDHEMEIZAEHTRZED
Thb. ZOmEiTOWRERED HC BEEEELE IR 28
HBEEZ, KITHTOA X Vgl LT Cu % 3E5E
L7z, ZOWFHIIARGIE FOATHR S N, BNk
T5. b5 CubKIZKBIERBDEZ b1 ->T
W3 F 7 Ag DA L RIBCHEEIZEE L T3

® |on Cluster ® |on = Cluster

1.0 1.0
0.8 0.8
o o
T 06 T 06
o o
0.4 0.4
0.2 0.2 .
0.0 0.0
Fresh Aged Fresh Aged
(a) Ag-CHA (b) Ag-MFI

Fig. 7 Variation of Ag ion and cluster ratio calculated
from UV-Vis spectra before and after aging
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Fig. 8 Profile of HC adsorption on various
ion-exchanged FAU after aging
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Integrated Simulation Technology for Design, Manufacturing, and Materials
to Reduce Surface Distortion of Automotive Outer Panels

bR E W 2 oMo ! L I S

Toru FURUSAWA Yoichi TOYOOKA Eiichiro YOKOI

moR i Wl B k2 Mo % H°

Shigeru TAKAMI Masao UCHIYAMA Yoshinori TANAKA
B = ABSTRACT

HEI ORI S MR T A~ BRI 5 720120, 6
KBE TR CHEROIMIET DO T AN EC LA H
D, (RO FRO Z#ES WS ROBER S - 72, 7 T THIFE
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I b=V g VAL -
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When producing highly stylized exterior designs
for automobiles, conventional manufacturing processes
can cause surface distortions on the outer body panels,
which require countermeasures in order to meet
specifications. To address this issue, we have developed
a new development-stage simulation technology. This
technology integrates design, manufacturing, and
materials factors to predict the potential for a design to
be achieved without visible distortions.

We began by proposing a digital development
concept that predicts distortions throughout all the plant
manufacturing processes (stamp forming, spot welding,
and paint curing) based on models made prior to the
production of vehicle body design drawings. We then
created a simulation technology to analyze the distortions
that accumulate throughout all the manufacturing
processes, and verified it on actual vehicles.

The technology was then integrated into the
development operational rules for new models. This
made it possible to reduce reworking due to distortions
occurring in plants that had resisted resolution for
many years, and thereby enable efficient production of
stylized surface designs.
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Development of Evaluation Method for Automotive Outer Panel Surface Distortion
Using Curvature Difference and Application to Body Design
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A quantitative evaluation method that correlates
with human visual inspection is important in helping
to predict outer panel surface distortion that may
occur in the development phase of the automobile
manufacturing process. This study proposes a
quantitative evaluation method for distortion
using curvature difference, in order to determine
specifications through predictive simulations in the
development phase. Curvature refers to the rate of
change of the slope of a curved surface. The degree of
distortion can be quantified by defining the difference
in curvature between the standard shape and distorted
areas as the curvature difference. The proposed method
achieved reliable correlation between outer panel
surface distortion and visual evaluation. Therefore,
by incorporating curvature difference as one criterion
in design phase simulations, it can be utilized as a
consistent evaluation index from development to the
manufacturing site. This paper reports the details and
effectiveness of this evaluation method.
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Fig. 3 Example of dimensional difference and curvature difference in measurement data
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Table 1 Visual evaluation scores
Score Judgement Reactions
10 EXCELLENT No distortion
9 VERY GOOD Undetectable even by experts
8 GOOD Detectable by experts
7 ACCEPTABLE Recognized but acceptable by
experts
6 BORDERLINE Acceptable but noticeable if
customers pay attention
5 UNACCEPTABLE Detectable by customers
4 UNACCEPTABLE Complaint
3 POOR Strong complaint
2 VERY POOR Repair request
1 N/A Rejection
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Fig. 5 Correlation between visual evaluation scores
and curvature difference of roof panel
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Fig. 6 Correlation between visual evaluation scores
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Fig. 7 Correlation between visual evaluation scores

and curvature difference of roof side
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Short-time Prediction Tool for Flow Fields around Side Mirrors Using Pix2Pix GAN
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To examine the design direction of side mirrors
in the early stages of development, a Pix2Pix GAN
deep learning model was used to develop an easy-
to-operate tool that enables prediction of flow fields
with sufficient accuracy in a short period of time
and output of the results. In addition to a shorter
prediction time with a deep learning model, further
time reduction was achieved by omitting the signed
distance function for shape recognition that has a
high computational load. The tool was also developed
to maintain prediction accuracy even with a small
amount of training data. Furthermore, output of fluid
physical quantities required for verification on the tool
operation screen was minimized, allowing performance
of the process from input to output solely by button
operations, making it easy to use for designers.
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Yoy —rEFILEEHLE. ZO®EREEHETLIC
1 Pix2Pix Generative Adversarial Networks (Pix2Pix
GAN) ® %4RH L, SDF OHIEIZ & 3 & 5 7% 2 @Ediftizo
WTHET L7z, Fig. 2122 D7 LT ) ZLDR—=Z L5 -5
T\ 3 GAN 2783, GAN (3, Goodfellow & ‘12 &k 5 T2
EX N0l T Th D, AKEs (Generator) 12
Iz, #@&Aes (Discriminator) £EWVY9) — DD =2 —F )L % vy
P - ook E NS, EREE T VAL A X EAT)
ELTT =2 &ERT 5. #EEZ DT — 2 BARY»
Wh KB4 5. FEOPTHHEZELISHE A LI
SEAEMEYD, ERENBE T — 2 OENE LT\ (i
SEI) . Z AU & D IIEREFRANERIFTL F 5 CNN-
AEIZX LT, GAN 3B AN N85 2L W TEBHET
AT DR D B

GAN ZRBEXE72¢ DI, Fig. 312”7 Mirza 5
2k o TRIB XN 250 M EHOSHER X v 7 -2
(conditional GAN: ¢GAN) ®' 23 2. AR B &M = A
NaEET2ZeRAEE 5D, RO ATNTIG L 22
haFOER&GEIMT 52T, THRE*E®D5Z L
MWTES.

Pix2Pix GAN &, ¢GAN %# X SIZREXH /28 DT, M
BAERTLIT) ZL00EDE LTALBHIN TS,
RTINS 2 ZROEROBRMEEZFEHTZZ LT, 5
—KDOEG % &1, ZORBRERML 228 5 —KOH{§:

X — D —_—
Real y
Output
Discriminator
g > > X
Noise Fake
Generator
Fig. 2 GAN
3
X
Real
D —
Label y
/ Output

S X ]

Noise Fake
c C
Label Label)

Fig. 3 Conditional GAN
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EAKTHZENTES. BHEFENHEATIE LT RT
H{REHNZOR RN TH 0, 4 FI7-JHhD%E
MR G 3 EHENOTYMlA B Z k5 7289, 7T—F
T F ¥ & POk U, S EESORDH DI STL
RO =ZRICT — & & iz, ZRICADOIEFRIE Cirillo
ko TEE Y A VT —v 3 VITHHIL 2262
25, FARTHNCEH L Zflidanw. 22T, BRROKRS
YILT =2 % ANLUT, HAHEEZ T 545K L
LCTHIWZ2., X512 Pix2Pix GAN DK % Rk &
IZ Ronneberger 5 712 & > THRIE X7 U-Net 23 5
NTWBETH 5. Fig. 412 U-Net ® CNN J&% =&RICIC
R X B =KD T -7 27 F v &/”d. U-Net lZTV
A= TA—ZhoRkDT7T—FT77F v T, T/A—4
THi XN = E 72 -2 TIHOH 4 ZOMm{RIZR L
DD T VA-RETFTA-FDMDAFy TaAFXs T 3V
12k, B aEERALbhS Z L, FUMRED T
I—FREABZENTES, ZhIZkhTya—4T
Kb A b 2GR HEE DR 2 7 2 — £ I A
ZBH5ZENUBEETH D, CNN-AE TR FLO#EFE TR
DRNTLEIMPORHE R T 22 LhTES. Thb
GAN & U-Net DfEHIIZ & 5T, SDF V¢ & & Filllls
A MERE L DD, RERERE S WTRED & S 2 & METd 5.
Fig. 5125 MG L7z 7 — %7 27 F v 7. Hamd
1213 Pix2Pix GAN 2 L 7=. PHIKSE OMGEE2 B 2 &
W35 CNN-AE TI3HERRRTICMETH > 72 SDF &%
W45 2 &T, A7 v LKREDIBIRT — 4 & @A ka1
ANT 2 ARG L 72,

5' @ Skipcor‘mection t 5

ax 100 a+e) x 100°

1 x 200°
Input voxel data Output voxel data
b x 50° (b+d) x 1007,
t =) Conv3d
@ ==) Conv transpose3d
¢ x 25° == Skip connection
Encoder ‘ Decoder

Fig. 4 Extension of U-Net to 3D

Input Inference Output
3D 3D _ 3D
geometry U-Net | velocity

Binary data
3D 3D
U-Net "| pressure
Neural network

Fig. 5 Proposed architecture

Table 1 Deep learning conditions
CNN-AE Pix2Pix GAN
Number of training data 32,500 2,000
Using SDF Yes No

22. VEDFE T — 2L 3 FHBEE DR

—fEANZEE X B CNN-AE &, 3 =/%y FEIFTh
NS BT AW T LI BEEB I RN, T— 40
BREZETEENI NS, BWHEEH2IZITKED
T — 2PN 5B,

—J, Pix2Pix GAN IE, DEO%EEF — 4 T EWT
MG # EBTE IR EREFEHETLTH S, TOH
& U, BOEIEIS & > TERET AN T — 4 5404
ez ohaZeicma W, ERECHRHEh TV
U-Net 2 EfEE A Pl A WBRIC T 2 0 Fohb. Zh
5DOBREMMAGDHE BT ET, CNN-AE KA NT —
5T E TR OO RO WHEL 25 > T B.

KAf7ECIE, DEEYE T — 212k 5 PHKEE &2 MGEd
57:%, THIKEE¥EHT -2 RO HBEME#RE L 7.
Reynolds-averaged Navier-Stokes (RANS) Zffif L 7=
CFD OFEN+10% FEIETH 5 Z & h 6, TR HE
WFAREL10% LINERE L2, 414 F 35 —DENREK
C, i3+ 03 DHPATHSZ LH6+0.03 IT, HEIZFR
W 38.8 m/s IZxfLC+3.8 m/s (£13.6 km/h) &7 5. %
BT — 283 100 LT 2 B L L7z,

FEERREEIZ 13K (1) 1IR3 33522 (Mean Squared
Error: MSE) ZflifH L 7-.

n ~\2
MSE:%ZI_ZI(Y;Y,-) (1)

ZZ7T, Y, BXUY 1 CFD HHR & Pilly — L oHfeiks
RERL TS, n A7 LB ERL TV,

ZOXA» 6 KR, 1 MSE © 750 BUF, #E
1T MSE T 144 LI F&i5.

2.3. ZRITERIC & 3 ¥EEMRET

ARV =L EREET 5125720, Fiiic Pix2Pix GAN O
THKEE D ZMPEIZDONWT, Guo 51245 CNN-AE &
Pix2Pix GAN # i UGt 2B 2k -7z, T —4 &
LT, B4 mIRIZ BTN CED ¥ 7 b Synopsys fH#
ANSYS Fluent IZ& » Tl &7z kT DOEE 534 D
{5z 7z, Table 1 12 EEO&M %R 3. CNN-AE
3 E T - 41232,500 iROESAMHHAL, X512 SDF
NOWEE BTk > T3, Pix2Pix GAN I3%#E 5 — 4
12 32,500 OS2 5 T ¥ & LR L 72 2,000 K%
L, SDF #&ML T3, Fig. 6 (2Tl A {5l &
LTNNA 2IRONNAF ) F—a2L, ZZr6RHHEH
72 SDF %/ ¥. Fig. 71320454 & LI2FHIL 7= 5#
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U, B4y (RIS 18) OFFRIEETH 5. CNN-AE B XU
Pix2Pix GAN & 12, /Y4 7 IBIRB KU1  JEA D8
[, CFD LRBRD R O s nilifgrsffohni&
&, WEORYGRT O A EVER IS B 5 Z &
TETWD. ZOMED» S5 CNN-AE Db D IZ Pix2Pix
GAN ZzHkHl 45 Z L THET -2 BP WO E D Z &,
SDF »3 < T & Wi O BRI HHRER O Tl T RE & Z
EDIRE NI,

24 REICHEATRELABREEERODER

PRAEE IR HENHHTE S X512, BHICHETE
BZUENDHD. 2T, TRXTOHEEE ALV DATEZ
KABEIII UL A1k 5 STL 7 — X Dt AAARD
5, THREROM N ETOBEL R & ¥ DBIEFIZIET, —
DO TR THEAETE B & L7z, {11713 Fig. 812
ANTWFIEE S & 4 KI5 — RO R (T
J153 A s KOs A, RIMFAR) ISR VAR, K2 Ve

DATEGIERF R TES LI ICL 7
Binary Shape o SDF 200
175
0.8 150
0.6 lgg [Pixel]
: 04 75
i

Fig. 6 2D input image

CFD result CNN-AE Pix2Pix GAN

U, ground truth

ix

U, prediction

0.5 [m/s]
0.0
— -0.5

-1.0

U, prediction

Fig. 7 Comparison between CNN-AE and Pix2Pix GAN

Predicted spatial voxel data

Flow velocity
cross-sectional view

Surface Surface

Surface
velocity contour velocity vector streamlines

Extract voxel data
near mesh

Fig. 8 Mapping from spatial distributions to surfaces

3. 1 RIZ—FlliC@EI =28

2ETHML Y =L EHNT, 4 F 37 —JfUDE
T LA P 27200 EEB k57

3.1. 2FBiE

Fig. 9 I2A&MZE T 72 Pix2Pix GAN O T F LI
B 3ZRBEN A RO EREERT. £9, KoL &
BOY A FI7-BREFUENEANT -4 & LTAERK
BHIMZ 72, 2 DA & > TPl & =221 54
EVA R IT—EROXT, FAMKIC CFD R (HAl) & 3
7 —BRDOXT % 2N EER L 72, fi N CRiles iz o
STDDOXRTEANELT, BBHIE B -72. Z0D
HZDOHEE S LITHHNAI A BT - 7. ZROLO%E
MR 73 A (X, Y, Z J710) 126 U C & ARSI & 3 2
ol BEEXZTIC, ZOETFTILEIRMOY L FI5—E
RO STL F— 2 %4522 LAREGOATEBIENB L O
ZEHREETPNT 2B TE 3.

32.CFD IC&22EF— 24/

FEF -2, Y4 KI5 -2 2 ElIZkT 5
CFD &R AWz, fieD IS5 —¥ A XICWHT2Z L %
MEL, MADIF—H A &L DHEEEEL T, X
TOIT—HA XK TELLHIZLZ A FIF5—
%, Fig. 10 158§ & D ITTRIRRATE, K& 2 ORMEET
1D ST A — 2 ZFZE LT, BRI ST A =213 %h
ZFh3ARUEL U, BLEGEBRGmIZ D W2 101 7 — 2 0Ofl
BADYEEER L. 835 X N v o T — 2 KkiziET
WRDE—7 4 v 2Y—)L DEP ##10D DEP MeshWorks %
Fivy, CFD 12k ANSYS Fluent % it 7=,

CFD DX v ¥ 2544 Table 212, A v ¥ 2 OEEIR
W& Fig. 1112387, BRICAFH A v v 22— 2
W, BHEOAGIRHBO 7280 1 EOERRE A o ¥ 2 &
L 7z. CFD Ofi#ffr4ft% Table 3 12§, fiLFE T ILIZIE
RANS #ffifj L 7=. %72 CFD #5£»—fil% Fig. 12 127”37

Real pair i

Real

—  Or
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1 —

U-Net :‘?
i e

Generator

Discriminator
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STL data

Fig. 9 Deep learning model for pressure distribution
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3.3. FET — ZihH

Hg RO CEFD #RISH LT, WREEEICK S Pz
MzaFA NI 7SR Z2LT, ¥4 FPI7—%F
LRG3l & EF>D, F— 2 BEEHIEL T

Table 2 Mesh conditions

Number of mesh 50 million
Vehicle surface mesh size 4 mm
Circumference 8-16 mm
Boundary layer mesh 2 mmx 1 layer

Table 3 Analysis conditions

Turbulence model

Realizable k-¢

Speed

140 km/h (38.8 m/s)

Density

1.205 kg/m?®

Viscosity coefficient

1.8075e-5 Pa-s

No.

Parameters

Peak position
(Horizontal direction)

Peak position
(Vertical direction)

Inner plane angle

Outer plane angle

Leading edge angle

Mirror size

N (oo~ N

Length in
mainstream direction

Mounting position
(Rotation)

Mounting position
(Mainstream direction)

10

Mounting position
(Vertical direction)

11

Mounting position
(Horizontal direction)

Fig. 10 CFD model creation for training data

Fig. 11

Mesh placement

Fig. 12 Example of pressure distribution results using

CFD

R & X 5 7. BURR 23R ENC K B PRIz,
Fig. 1312”9 &HIZEE27400 mm DY A FI 7 —%24l
G35 ARE L, ZONEIZ 2 mm FEO R 2 L%l
B L7 Fig. 141837 —BIKOKR 7 ¥ IL T — 2 D%
#ZlE, &+ — 7Y — 2 The Visualization Toolkit (VTK)
74 7 71) D vtkSelectEnclosedPoints 7T 1) X 4 % i
ML 7.

FET -2 & U 5 22 5061 % Fig. 15 1
AT, CFD Ay ¥ ahbho EAANOEBRT KR 7 L
O, Z OV EAL 10 0 CFD X v & 2 s O P
ERALTEZ T

Voxels)

Fig. 18 Training data space for deep learning

Fig. 14 Side mirror voxel model as noise and
condition label

Fig. 15 Example of pressure distribution as training
data
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Table 4 Machine learning conditions

Velocity Pressure
Optimizer Adams Adams
Epoch 1000 1000
Batch size 1 1
Learning rate 2x104 2x10%

3.4. FREMG LT

Table 4 12%E&EMNART. ABLZZ101 57— 2D 5
5, 807 —ZEFEF -2 L LTHML . iz
NVIDIA %L RTX A6000 GPU % 1 &fifH L 7=. &1
9190 BRI A A2 5 72,

4. FRIY —IIVDOFEERRILE IR

Ky = & > TE B N7 Z2MIE 254 & 22 R 55 A
DOVHFERZNFRICOVWTHRE 4B I 55 & &g, 8l
5 U 7= BRI 12 3500 THAT L 22358 O BRI R 12D
WCTfERE L 7=

41. ZREN DT FEER

Fig. 16 (ZZ2MIE S oAl D feamal R & &K i L 72 &
KN e CFD fiR & Dz R§. K7 L ftizd
WETREBELS 20, ENAHIZLTIHEL S D0,

Positive pressure area
due to stagnation
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pressure, Pa
938.11

(&

I41 84

Negative pressure areas
due to acceleration
(a) CFD

Positive pressure area
due to stagnation

-1750.68

-2646.95

Negative pressure areas
due to acceleration

(b) Prediction

Fig. 16 Comparison of predicted and CFD pressure
distribution

FEN1D EA-R2 TR T IS EERIZ CFD R & —F L 7-.
Fig. 17 IZZ2RIE % VIl L 72 £ MSE #7875,
AW 3 T — TR IS HIR - 728803 5 2 & D, HEfhic
MSE #7782y F LTW5, HIIIHEL 2R E¥E Y —
JZE T BT — % 80 r — 2D MSE, BAUIMGEET —
421 —ZADMSE Th 5. jlftis — 2 2k MSE 1
160 2%, #alk7 — 2 kD MSE 3 330 FETH D, K
EHRE10% BNICINE 5 Tz, 2770, B0 —2
TMSE F841 &5 Db FHIT 10% #l A T /e,

4.2, ZRERD T FRlER

Fig. 1812, Z2RIvRIR Al O HEdmAGR 2 KM L 7%k
R A & it & CFD #R & D2 /m§. 37—k

1100

--O--Train
900 —o—Test

MSE (Pa)?

Mirror shape 1D

Fig. 17 MSE of inference of pressure distribution

Velocity
magnitude, m/s
74.35

I55.79

=

S'éparation areas

Acceleration area

(a) CFD

~— — Separation areas

Acceleration area
(b) Prediction

Fig. 18 Comparison of predicted and CFD velocity
distribution
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FIXCFD MR EBBOR L T35,
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Fig. 1912/, T — % 80 77 — 2 4xfkd MSE 12 0.1
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4.3. BEEE
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Fig. 19 MSE of inference of velocity distribution

: deep leaning
B :internal processing
m : display processing
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Fig. 21

Table 5 Computer specifications

CFD Deep learning
CPU AMS EPYC7702 Intel Xeon
w9-3475X 2.21GHz
Number 128 core/node 1
of CPUs
GPU - NVIDIA
RTX6000 Ada
Memory 512 GB/node 1TB
(O] Red Hat Enterprise Windows Server
Linux release 8.3 2022

R NFoRIK0 A Eh, §XTHL Y BIEOATEY)
IZBZhH)IENTES.

4.4, StEIEE

THY =L ORMEHE A2 5 28 5 I2h 2D, KBTI
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Fig. 20 Graphics of user interface
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Quantitative Measurement Scale for Effectiveness of Adapted Vehicle

O A NI
Arisa ENDO Toshihiro KOYAMA
Mmoo ! Homk B ow?
Keiichi SUNAMI Tetsuya GOMI

7 = ABSTRACT

fetik LG 258 U T B ER O 2WEH O R FICH 5§5
EEHIEL, BEROEBREORENTE S K HEH
HRE BV A ERMICER T FEERET L2 BEE AV IS
HEHL 2 ke U TR U 7252 O B BRI A O+ 2 TG B O3
LS WE L, 1THHORMT v — + %& 5 BTl
THETSZ L CHEMAEBEANTIREAMEL . &
EHRAWA P 743 L#IZb S F T4 N — 2R
12, REEEL 22 RS % W CREETBEI O WL E A v o il
PEIZOWTHEMGE R B 2 % 5 7. Z OSSR, B2
NZh0.825 BKL1U0.846 LW EECTHITXSZ L %
TR U7z, RWFZECREEE L 72 REE I3 EME il O B kg v &
ERICEE D Z &AL 7.

With a goal of contributing to the enrichment of
customers’ social lives through adapted vehicles, the
authors studied a method for quantitatively expressing
the effectiveness of the vehicles in order to understand
their effect and communicate their value. Effectiveness
was defined as the degree of each customer’s
engagement in their individual social activities after
continued use of the adapted vehicle, with engagement
determined using a scale based on customer responses
to 17 5-point questions. The authors then used this
scale to statistically verify a predictive value for
the degree of involvement in social activities. The
questionnaire was given to physically disabled drivers
and drivers involved in caregiving services. The
results indicated that highly accurate predictions could
be made for both groups, with accuracy rates of 0.825
and 0.846, respectively. This confirmed that the scale
developed for this study can quantitatively express the
effectiveness of adapted vehicles.

1. EANVE

Honda (& [Fun For Everyone. Honda~##) D&V % — A
Vet~ nd 2a—7 2B, BRPAHEZA F T
A= I D 2 NDOBEH O = O L A2 WE O FEFEIC
BT 5 Z & & HE U CRahb s 2 245 L T s .

RN S R AT TRy X AT N N - I = B X AT )
BB ARAHE FIAN—RFTT 7 ELET L —F
Z, FESAAMZE P 740N =R Ty FLAERIETE
% K5 IS U smfih i E N S il TH 5. H O]
% Fig. 119, s fifl-EOFERE MBI 224
JHET 2 720127y — P RENTH AT — T2 %M L 7=
HTH O, fHle LTFig. 21287

Honda Tid, FRAAEHZA AOERIEEZ ¥ 5%
B2 R L - R A 1976 R, BEHBIEHO
ST E] & 1995 FIHA L 2O HED TH 5.

UORH BT R 2 A

E-mail: arisa_endo@jp.honda

2 ORHIEIE L3R AL, Wd (28)

https://doi.org/10.69239/hondatechnicalreview.2026_38_15

FE kg D EARTE 5 BHERS & Fig. 3 128§ fifik ol
DRI, 1994 F5E % 5 2004 F-EE 122 1T 10 58

Fig. 1 Adapted vehicle with hand control device

Fig. 2 Adapted vehicle with rear ramp
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Fig. 3 Domestic sales volume of adapted vehicles
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Table 1

Outcome stages of logic model

Beneficiary
classification

Initial outcomes >

Mid-term outcomes >

Long-term outcomes

(1) More people can move by
car.

More people participate in social
activities.

Social capital is fostered.

Local community
(2) More people find getting
in and out easier.

People are revitalized.

Society is revitalized.

Beneficiary 1 (1) Able to go out by oneself.

(1) Actions become voluntary

(1) Achieve social participation
and independent living.

Beneficiary 2 (2) Reduced mental and

(2) Balance personal activities
and caregiving.

Virtuous cycle of well-being
and social revitalization

(2) Continue social participation
to utilize individual abilities.

. physical burden.
Beneficiary 3

(2) Able to move around for
daily needs.

(2) Increased opportunities to
interact with society.

Table 2  Vitality questionnaire

Questions:
Which of the following did you experience?

Increased shopping frequency.
Increased participation in lessons and clubs.
Increased participation in local festivals and events.

Increased participation in entertainment such as
theater and sports events.

Increased opportunities to go out for a change of
pace.

Increased frequency of meetings with friends and
acquaintances.

Increased frequency of meetings with relatives and
family.

8 | Increased contact with neighbors.

9 | Increased number of new acquaintances.

10 | Income has become more stable.

11 | More options to earn income.

12 | More ability to be considerate of others.

13 | Increased interest in new things.

Increased opportunities to feel moved with others
(or to want to feel moved).

15 | Increased motivation to take action.
16 | Increased emotional ease and peace of mind.
17 | Increased moments of joy (or wanting to feel joy).

A~ ||| =

14

2.3 Wit A&

2.3.1. lkBiEEE T 2 RE

W L i 5 R & LT, Philadelphia Geriatric
Center €7 —JL- 2% — )L (PGC) """ Satisfaction
With Life Scale (SWLS) " % ¥ k(¥ Organisation for
Economic Cooperation and Development T8 _ 446
AT 5 EBRE (OECD) ' 0 3 R £ R L 7=

IN6id, FRIN AR P EEE L Emtd 57
DIZTHOONZREE LTHIGN TV 5.

2.3.2. BB A

EALEM A WG AT 2 Z4EE 1 &2 H 2 2RI
PGC, SWLS, OECD, {EHEDIU>D Web 7 ¥ 7 — %
FEHE L 7=,

Kk, PGCIE 65U LadRE LTy r— b ThD
728, PGC OWIEIZ 65 sLh L2 1 & 2 &3 RI12H
L 7.

Table 3 Interpretation of correlation coefficient R

Correlation coefficient R Level
1.0=R=0.7 Very high
0.7ZR=0.5 High
0.5=R=0.4 Moderate
0.4=R=0.3 Fair
0.3=R=0.2 Low
0.2=R=0.00 Very low

At 118 4 S HE A B o N7, ZONFUL, 65 &Ll
DZAWFH 1D 234, 65K EDOZUHE 21234, 645K
ITDZEH 1536 %, 64T OZEE 2436 4T
Ho7e.

T MEROBREDOZ TS, WHEIZHT
% PGC, SWLS, OECD OAHBIRtR % 3K 72, HHBIMED
HITIZ 1, Table 3 1/R$ (2 FATD 72 OFFAHHE " %
7=,

2.3.3. FHRIMEAREE A

PGC, SWLS, OECD, A®D S 3 W Ri&aknz AL %
5 W, AL BORIMA BOHEFAEM S 7 r — b
DEFTHDOD Web 7 ¥ 7 — b &Fii L7z, BIIE DO EH
9 72910, EHENSEREE LTIART Y74 7, NPO,
HEVEBANOSBINAEE 2 72 | &S 4 2GR 5%
KM AR L 72,

7V —MABEORRZHIHEEGMERETH B, 72
7L, PGC, SWLS, OECD, W1 3aiEH b7z 7 v
r— MEREHWZ. Web 7 v 7 — MERP B LMK
REOZa7hs, [£7vF4 7, NPO, HiRIEEH~ND
SIMOBMAE DL JOME % Plld5Z LN TE S0
U ZT 4w o alasrHr & O TRGE L 7z,

REOZa 78 ESMIZIZY 7 b =7 R version
450" %W, [£7 74 7, NPO, iRIGE~DR
WO AHNER, BHERED 237 & HHEK
ELTTPHMEFLAMELE. PHIET LEET T Y
T4 oy 2R (D) ISR ' A4 N EAD,
REM 2 dh%R % Fig. 4 1SR,
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Table 5 Logistic regression statistics

ltems Estimate Standard 2 value value
(Bor B) error P
PGC (Intercept) -7.924 5.810 -1.36 0.173
PGC score 0.5718 0.5773 0.990 0.322
(Intercept) -2.999 1.024 -2.93 0.003
SWLS
- SWLS score 0.09952 0.05028 1.98 0.048
Beneficiary 1
OECD (Intercept) -3.290 1.020 -3.33 0.001
Subjective happiness value 0.3208 0.1368 2.35 0.019
Vitalit (Intercept) -4.116 1.021 -4.03 p<0.001
itali
y Vitality 0.3430 0.09196 3.73 p<0.001
(Intercept) -1.337 1.114 -1.20 0.230
SWLS
SWLS score -0.01302 0.05514 -0.236 0.813
. (Intercept) -1.261 0.9454 -1.33 0.182
Beneficiary 2 OECD — -
Subjective happiness value -0.05803 0.1383 -0.368 0.713
o (Intercept) -4.721 1.262 -3.74 p<0.001
Vitality —
Vitality 0.3591 0.1069 3.36 p <0.001
Table 4 Correlation coefficient R between Vitality and
= 1 (1) existing indicators
4; 1+ezi

ZZ T\ 3RER, e l3BRNETH . Xz, 13 n il
DEPAZ R x, & RIOVREREL B, K OEBTH B, DR 5 7%
LTIl TR (2)Th 5.

zi=Pytpix; +px, + Bx, (2)

B2AIT7EAER(2) D x ITRAT ZHIEA L &5 Pl
ETNERGEL 72,

2.3.4. RERE OWEERELE

WHETTFLORBERIETIE, Z2EH 113196 A, 2
#2143 319 A, BEl515 NMCiENEE [R5 VT4 7,
NPO, HiREHNOBNMEZDOER | D >0 Web 7 ~
r—bEFEELZ. &k, 5156 ADD H2EE 1 D59 A
&2 H 2 D 59 ADBIEIIHBICIHMEL 72 Web 7 7 —
M RER A W,

9, 2O Web 7 V7 — MERP S E (21 E)
DOEME AR TZ 22, SIS/ 72 A & 21t
U7 o 72 NOBERIZE & g U 7z, iz, SBINL 72 397 A
EHRTT — 2 & UCPHIE T ILOREE 2 BEE L 7=,

qgi : Incidence rate

z; : Linear predictor

Fig. 4 Diagram of standard sigmoid function

R for Vitality
Indicators — -
Beneficiary 1 Beneficiary 2
PGC 0.11 -0.058
SWLS 0.16 -0.12
OECD 0.25 -0.098

3. FEREER
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PGC, SWLS, OECD D =D DREAFRE &3 Jiig & D
BRI A 258 T & 12 Table 4 12/, W18 & OECD &
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MR W ETERTE 7=, L2 > T, NI R
EMSILERETRA D L E A 7.

3.2. FRIEAREE
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SR Z NI S 72720, B SR L 7.
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Table 6 Calculation results of Cohen’s d and Cliff’s

delta
Increase or no increase in
participation opportunities in
volunteering, NPOs, and civic
activities
Index Cohen’s d Cliff’s delta
Effect size -1.90 -0.81
Between-group difference Large Large
95% Lower limit -2.60 -0.92
confidence
interval Upper limit -1.19 -0.55

Table 7 Confusion matrix of Vitality in Beneficiary 1
with increased participation in volunteering,
NPOs, and civic activities

Prediction

Nonparticipation | Participation

Nonparticipation 92 10
Participation 14 21

Actual

Fig. 7 12%48E 1 DG JIE L 2N OB INE KO v
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Fig. 7 Histogram of Vitality and increased participation
opportunities in volunteer, NPOs, and civic
activities in Beneficiary 1
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Retraining-free Customizable End-to-end Automatic Speech Recognition

I ! Shakeel MUHAMMAD 2 {} H i #8°
Yui SUDO Naoaki SUMIDA
= = ABSTRACT

ARTIE, 2= MERBIZBERL 2T L —XI2iT %58
WK 2GR 5 720, MEWREAHGEY 2 P 2V E
Fbik ETNDH AL 7 A X T hERET 5. EXTET
13, #€kD Connectionist Temporal Classification/attention
BIE R ET MIZT F X P =3 — 4 L Cross-attention
JEEEML, EEGESICEEFNIERHAGEMNTS. £
7o, BERHFEORIEE R LD -8, Bl & - Bk EE
DTif# %> Connectionist Temporal Classification Z#iA L
THERm T LT XA RET B, HABEOHNT -2 & v
b ¥ X OHEED Librispeech T — 78 Z Z& FW 725l D f5
PREFHEOMHIZ KD, BRHEO 7D L R
HNEE U 7.

In this paper, the authors propose a method of
customizing automatic speech recognition models
using editable term lists to increase recognition
accuracy for phrases registered at the discretion of the
user. The proposed method adds a text encoder and
cross-attention layer to the conventional Connectionist
Temporal Classification/Attention-based automatic
speech recognition model to detect registered terms in
speech signals. To increase registered term recognition
accuracy, the authors propose an inference algorithm
that integrates the probability of detected registered
words and Connectionist Temporal Classification.
Results of their evaluation using the in-house
Japanese-language dataset and the English-language
Librispeech corpus showed that using the proposed
method lowered the character error rate and the word
error rate for registered terms.
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REE ORIBIZPE, 5P sk 0 R R A B Tn
%. F§i2, MHETIX, End-to-end HH R8T 7L L TN
%, THAND O BT E e T B TS K & AR
M kERZLTWSE Y Z OB AR LIk D, 2
Y= bFAE—ARH—F T =Y 3 VY AT L, S
XERILY AT L, AV A II 2=V a VYTV ARy
AV AF LD Pl ZLOTT)r—v 3 VITHHR
WSERENB LS IT kS TE .

End-to-end & adakid, (kD &S HFEET I, J
T, SEETLEVS RO YR =1 v TR
ENB VAT LERELED H—D=a2—FL %y bT—
2 EHWT AN E N EFES &2 EECTINERT 5.
Za—=F0 %y bU =2 3EREEEE RO ORE{t S h,

PHASHAY LS —F A VAT 4 F 2 bV, (T
2 ASHA Y F ) F—F A VAT 4 Fa— T xs5Y, PhD.
SHASHA YL VH—F A VAT 4 Fa— bV aty

https://doi.org/10.69239/hondatechnicalreview.2026_38_16

PRy 2T LIZBIT BT VR — 2 v M EORRIEE R & A
THILNTED., MM AGEHERHETT VL, ATEA
ERELT sy a— gLt h AR EE T+
A MHNCERT BT ALK Eh TS, ZThET
2, Connectionist Temporal Classification (CTC) (4), (5)%o
Recurrent Neural Network Transducer'®” (7), TR
(Attention)'® A&, XFIFHFA-LABPEEINT
W3, 7, ThoDTFhelladbEEHENOY 27
LA WEXNTHD O W 2DHTE CTC/Attention
End-to-end & adakid, ZOMREOE S Sk EIAL HH
ENTWBFEDO—DTHSE Y,

U2 L, 3REE a5 Hsdakotagid, #3875 —
ZNDRLHEI A E N2, 2T — 21T L A EMBIL
Ko lHEER 7L — X2 LU lakd 5 Z L L V.
Bl ZE, HPTHERPTEAL I FE T — 2 ICRF L AL
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Lawnd, ELLR#EEI I ernsn. LirL, £
NODOHEBIIRED L —FIZL S THEELF T —-FE ik
BEMANDY, BAHMLTLES L2 —FDOMEHEEFEL
SIETXBTCLESARENELH S, 2D &S RHELED
FET -2 EWEL, =2 -T2y P T - EHEET
%2 LT, AR AUGET 5 Z L IEHEEE D, T —
AOWHERT /) F—V a3y, Za—FhFy b T =2 D%
FIZIIAWY Y — 2205 RS GPU =B RETH S
e, HEBICHYEAEB I AS ZEIETER . Lz
T, HFEHEzRBEE LEVWEFRBETLON Z 434 X
FEIRDEN TS,

INo DB L, (ETROMEE S REL S X &2~
A ZFHEMEEIA TS W ZhsDFHETR, 7
I — 412 Cross-attention g " 238142 Z & T, F¥E
T5ZEhMTEEOMFAERODBERHGEEMRIIITE S, &
5, BRHGEOMIPEE #m L4 5729, #ilh7 5 v+
AEATZFHER Y B Cross-attention &I AiHHTEIY
BAMAT S HEeE e REIh T3, LarL, Zh
5D TIETIE, HEFRIRICHIE 7 5 v e ulighask & R
IR L ThZen 7z, BEHEICHS 5 MR RIdBE
MTh5.

2. HEDR S\

ARTIE, 2—rwETREEMAGEY 2 P 2T,
FHT 5L %< End-to-end FH ik ET L E N ALY
A 255 FEERET S, RETHE, Ekor 24~
4 ZF3: 99 LFREIC, CTC/Attention I /5 #kE 7L
(Fig. 1) "zxf L, ¥+ 2 F T¥ 3 — & L Cross-attention
g &EINd 5 2 & T, THEESICE T BB E R
4% (Fig. 2). 727U, #tkDH 2 4~ 4 ZFHE10 L1387
KO, BRHEBORBBE 25 1Cm e 5729, Bl
SN B HRHEOMR AN €, CTCTa—%I12k 5
IR ERAET DR T LT ) 2L 5IBET 5. AWK
AEVWELITOMD Th 5.

- HEERIE ISR SN B EHEOMRE M5 Z L

T, BEHEORGERMERE A UGS T 5.

- RIS CTC Fa— 2 W IR EHAT 5 Z

& T, IR R RERERE A R T 5.
 HAFEOF =21 v MIBT 2 MR E BN o 5.

ARd, LIRTOmZE " % 55E L2 8 D Th 5. BRI
i, AT ISR LT, CTC 73 — & & w7 i
BOHAEB IV, HAETF— 21y Mok 530 ag
S ERFTZICB I 5 TW 5,

3. {€kF% (CTC/Attention EF L)

Fig. 1 129D EHEFHETT L TH % CTC/Attention

7L WERY. CTC/Attention EF L1, HHLY I —
A Attention T I—4&, BLXUOCTC Fa—4&%&#>.
Attention 7TI—&X & CTCTFa—R3HFEL Yy I—-#%
HELTED, 2hih, B& LOSEHEEINX =[x, ...,
x ] nE5z26h5 &, BRXSOXEHy = [y, ..., ys] DHF
%R P (v | X), Pae (0 | X) ZHEET . ThbHoDT a2 —
HrXOEEL YO — 2 3HFETHE S h, HEEREICIE S
DOFT - XOMIHERMHAE I NS, ZOT7 Fa—FI
&0, FHOREAN & HeEmEEO MR L3RRS NS, DL
TOHTHRIYR—=3 Y MIOWTEERY 5.

31.B81>13-4

LMWL a2 — 41213 Conformer i $2 7).
Conformer # W58 LV o — &3, SHRHES X %K
DL, BRE TORNIKRERY ML H = [hy, ..., hr] €
RUNZZERT 5.

H = AudioEnc(X) (1)

ZZT, dIFBENIRER Y P LOWITTAEET.

3.2. Attention 7 31— 4

Attention 7 I — #1213, Transformer 7 I — & & ffifH§
2 R(NRLAEEL Yy a—FIck> Tl S h
7RANIREENXZ PLH B XU, 1 7L — ARiE TOXTS
Vos—1 = [0, ooy Ys-1] V5 A 5B &, Attention 7T — &Xid
s TWHDOXF ys DFRIER P (vs | yos—1, X) ®LLTD XS
IZHEES 2.

Patt (ys ‘ Y0:s—1, X) = AttDecoder (yO:S*l, H) ( 2)

A(2)&s=1, .., SETHIRT I LT, XFly D
BEERESLLT O LS 1IEALE N 3.

Attention Py 0yl J:o:s-v X)

decoder /- | )
Py (] X)
TC 4
decoder 4."
e | ||| [ayerom
Audio Cross-attention
encoder LayerNorm
Conformer .k
block Self-attention
| CLoyeom
Embeddin:
N — ] )
X Yo:s-1

Fig. 1 Overall architecture of CTC/Attention model
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Patt(y|X):1_[Patt ()/s|y0:rl,X) (3)
s=1

FIIXL, U2y bu b —HLAEAT S,

Latt = — log Patt (v | X) (4)

33.CTCFa—#%

CTCFa—4&13, —~EoERE» SR shs @ )
Fig. 112”4 & 512, CTC Fa—#idF8Ex vy a -2l
$2RENIRERY bV H #BHLT, IFISRT &1
Ly DEBIER Poc (v | X) 2 HEET 5.

Pctc()/|X):CTC(H) (5)
RO L, BUIMSRY CTC Ak EAT 5.

Lctc:_IOchtC(y|X) (6)

34. £RFBEH£FF IR

(ﬁUMmmm%f»@iM4)()Tﬁ%Lt@%
BIBUz L, ISR T EHA A & 02 E53I
IR E B Ko b,

L=(1=2)Latt + A Letc (7)

F 7=, e ORI D728, Attention T I — X &
CTC 7a— 2D NERZLI ISR TEA u 2 HOTH
a35.

0(:(1 *,Ll) Qatt T U0ctc, (8)
ocan:10gPan(y|X), (9)
Octe = log Petc (y | X) (10)

ZZT, a, Oay, Octe V&, THEN, FHAMEZE, Attention T
-4, CTC Fa— &0 JiffE%E 479
€k D CTC/Attention EF AL, FHEED Z b 5 & DA
ANEREL T AW, PEBICEFRERTTLE N
ZAIAXGTHIENTEY, PET -2 ICHBRLA» >
A IEREICREER T 2 L EEL W,

4. REET VDR Y M7 —T1EE

Fig. 2 IZREET L ORKEE 28T, HETHIE, #
kD CTC/Attention EFNAIHIIA T, FHEEY 2 F & AT
572007 F A bLYa—-X%EFED, Attention T I — FIZ
Cross-attention Z3EMIIL T\ 5 (Fig. 2 fk@isy). 7F 2
PIYa—-&E, - MERICHETREA Y X b &
51 L, Cross-attention g3 A JI& 75 rh OB gRFHEE % M
¥ 5.

LR X M7z Attention 7 I — & 1E, HERHEA] X & HEE
) A+ B={bo, b1, ...,bN} BHZENBE, RE SOXF
5y OHEBLMER Pexe (v | X, B) B LU & 78 §rHEE
DAVTF 92 An=[m, " -, ns | DELIEL Piax (n | X, B)
#HEET % (Fig. 2). LFOficEMEhz8ga vy K—%
Y MZOWTIERS,

41. 7% X I 3-4

TFZ2 by a—-K121E Transformer TV I — 4 %
HiFH$ 2% ", Transformer TV 23— &%, AL,
Transformer 70 v 27, ¥ 7 =Y v 7k, B L OHHE

e HEEY 2~ B = {bo, b1, ..., bn} 7)’51‘%’7&75?15. by
I3 N FHOE GG @Y%ﬁﬂ%%'ﬁ_ Bz L, [, *L]
E). bo X EFEFOHIZE G ﬁ‘rfbiﬂ‘ g
HEhad 4 I-HETHS. HiEY 2+ BT, iﬂ&bk&i
B XU Transformer 70w ZIZAJJ &N, I NIRRT LD
ST L OREME] G € RV s G,

G = Transformer(Embedding(B)) (11)

Imax \&, JHEEY Z MZBHIN TOWSHEORAKREAET
Bz, [#, fL] P IRARE DG, Inax=2). T D1,
%’77 — ) v 7 REE M L CHEE SR ORI A R R R
V=[v, - ,w] RV L&ixns.

V = MeanPool(G) (12)

4.2. #i5k Attention 7 31— 4

k&7 Attention 72— 213, A (1), (1212 ¢
HHEIYI-ZBIUOTFFA Iy I -2k Tl &
N72FEHIRER Y bLH, V %I LT, SCFH| 0 H k0
# Py (v | X, B) B L UBH SN 72B8HEDA VT v o
Z W% Piax (n | X, B) &5 2 "2,

P 0l yo.5.1. X B)
Extended

attention Pig (| Yo X, B)
decoder
— e
Linear I
s B Em N
P 01X LayeriNorm Bias phtase index probabilit
cte 1as P! rasem exproally
d TCd : U’ T
ecocer Cross-attention
Linear LayerNorm Text
U Mean pooling X
. " [ — encoder
Audio Cross-attention
encoder LayerNorm Transformer
block
Conformer .

block ‘ Embedding |

Self-attention ]

LayerNorm b
0:no-bias
: 1:CFD
Embedding 2:Civic
X Vo1 B={by, by, ... by} NAccord

Fig. 2 Overall architecture of proposed method
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4.2.1. XFHIER

KX(1), QIR LAHBEL Y I FBLPTFA b
Iyva—gll&ko T Eh-BEhIREXZ VLV H, VB
XU, 17V =20 ETOXLEI yos1 BNGAZENB L,
TA-XE s HHOXF ys #ATO XS ICHEET .

Pext (ys | yos-1, X, B) = ExtDecoder(yo.s-1, H, V) (13)

XA &Es=1,.., SETHOBETZ LT, XFy D
BRI T O LS IERLE N 3.

S
Pext(y‘X, B):npext()/s‘yO:S*l, X, B) (14)

s=1

FRCHL, 7z y buE—iREEATS.
Lext=— IOg Pext (y ‘ X, B) (15)

422 BFFHEDA Ty 7 AHER

Fig. 212#1F % Cross-attention F§D AJ), 1% ZhZ
NUBEOU &35 &, Cross-attention JEIZLLFD K5
IZEREI NS,

(16)

LNOVT
U’ = Softmax (&) V+U

Vd

Z 27T, A (16) D Softmax HIX, ANFEHES U = [u, ...,
ug] EHEEDY Z P OREHNV = [vo, ..., vw] DNFETH % 72
B, ThsOHPELZRBIKRT 5. T4b5, LLTIIRT &
I, ANEFPIZEEFNTORERHEDOA VT v 7 A
Hln=I[n, ..., nJ OWERLIRT 2 LN TES.

(17)

LN O)VT
Pidx(n | X, B) = Softmax <&>

Vd

COMERPIE @A VT v 7 ANEFRPIZEEN TN D
BRHAGETHDIEVWAS. FlAIE, FGEY A MICZO0H
A (1:9tL, 2:PR) BRI NTOSHIRET, y = [ #I1L
TPR$%] &) FHNERSNGE, BEHEDA
YTy 25 n=1,1,0,2,2,0,0] £ B. ki, ik
FHEE T3 AW RIZB L TiE, n = 0 (no-phrase) 23 &
ha, Lo, vazxy rab—&Hneg
BRFHGEA V7 v 7 2R EEAT S,

Lisx = — log Piax (n | X, B) (18)

5. ¥E7TIWEBSLUHBRAE

51. 285 &%

REFHIE, X (6), (15), (17) TERL =HEKBKIC
U, LMISRTEALBIY y 2HWEZYILFZ 2%
FIZK RPN G S KSRt e b,

L:(l _)L) Lext+7\,Lctc+'VLidx (19)

F 72, FEMOMEY) 2 MZBIL TR, HERIF SIS
DHIEAZHGE) 2 MIBERRTZ 2012 L, FHIFICIE
ISy F T EIZ Ground truth 226 7 VA LAIZHEED A B
B E N5, 2DT7 V& LBEFIZ, €T ILDIRIAGHEEE
RILV =R TEDLLIIITH720TH 5.

52, ##w7ILTU XL
Pk tERE A X Il EXE B0, K TIEl-%

Meam7 L T) XL %xET 5. BARNIZE, ks h

Attention 7 I — & HEE L 72374 y D HZEER Pexe (v |

X, B)izxtL ¢, (1)B&HEDA V7 v 2 A Piax (n

| X, B) Offitr (Fig. 3 K&&isy), (2)CTC Fa—xitk

3R OME (Fig. 3 HF@ED) 262495, BEL-

TATY X L% Fig. 31K,

(1) 9, Ik X7z Attention 7 2 — &3 (4) 1I2%D
W, s TH DKL ZOMER aexe #FMT 5 (51T7H).
Wiz, A (8) B KUV argmax BIE A HWT, s HTHOE
FHEEA YTy o 2 n, BWEET S (61TH). B8H
AR E NS (ns £ 0), BEAGEICEEZT S X
FOWIIHERE BEHA aponus IZHEDWTHIMNT % (917
H). Fl2, it S =88 HEER by = [, (L] O
B, [, [fL] &0 o i iR 2 88m4 5.

(2) 8T, CTC Prefix scoring™ #H T CTC ¥ —
A& OWIIER oe Z#HIT 5. 72720, CTCT a2 -4

Algorithm 1 Decoding algorithm
1: hyps = {<sos>:1.0}; end hyps = {};
2: for s = 1 to maxlen do
3. ext hyps={}
for / € hyps do

4
5 aexl:k)g Pext (yxlyl:sfl’X’ B)
6: ng— Argmax(P (ng | y,.,, X, B))
7: if n, # 0 then
8: for token € b, do
9: aexl[tOken] Wy [token] + Aponus
10: end for
11: end if
12: for Vs € Top_kbeam(aext) do
13: Add [ = @ y, and the score a, to ext hyps
14: a ., = CTCPrefixScore(l, H)
15: if i, = 0 then (“no-bias”)
16: ext_hyps[l] = pag + (1 — ) @
17: else
18: ext_hyps[i] = oy
19: end if
20: if y, = <eos> or len(! ) = maxlen then
21: Add I to end_hyps
22: end if
23: end for
24:  end for
25: hyps = Top-k(ext hyps)
26: end for

27: return Top-1(end hyps)

Fig. 3 Joint decoding algorithm
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JIFHEEY Z b BRAATIE AW (Fig. 2), B
IO AEREN B I Aban. Thbb, B
SHREN R SN 5 2B DA (ny = 0), HA u
EHWTHIERA2HAGT 2 (16 177H).

6. FVM=ER

6.1. EEREM

ANXI N5 EFBHEX L, 5129 Y FLOBELH
DBORICD AT 4 ANV I THD. AT L AN
v ki, /\U)Hﬁmff‘ff‘l‘i EREU 72 XU R & B 72 R -
AR AR T, BB a-41F, ODBEMARE,
256 IRIC DRI 5 }:, 12 {l® Conformer 71T v 715
Mk Ehs, 72 b ya—xE, HoAARE, 6{HD
Transformer 7 1 v 7 7 5K S N, wmf@IEH T —)
VT EED. Yk & 7z Attention 7 I — £, HLDIAA
& 61l Transformer 72 v 7, IR SR XN 5.
CTCTFa—43 1 MO TR SIS, fuw'*
FTEHEHEGEOEA L, viE, ThZh 0.3, 1LOICEREL ..
t,52?T¢«t%ﬁﬁwn7x-ﬁamM&ui,%h
FN1.0, 03 I1TFREL 7.

FHmIZ i, T — 4 2y b (HAEE) & Librispeech-100

=82 (3EFE) WEMGE HNT - 21y M3, 2k
Ly F ) X &2 & 93 O HENE T — 2, HAGES

Ut —s82 19 Fhak 2 o A SOm IS JEE Ll F 22 i
MR L7=F -2 x—2 P h e, BETHIZ, SCTHRD
# (CER), ¥#HiED CER(B-CER), B LUZhlisto
CER(U-CER) CaHMii L 7z, R TFEOHELL, U-CER &
KOO CER ORINE F/MNRIZHIZ 5D, B-CER %
EFBHZELThHB. Librispeech-100 IZEH LTI, HEERD
# (WER), U-WER, B-WER % f#iff L 7-.

6.2. AARET— %ty b TORRIE

Table 112, N=203 HOHFEL 7 L — 2 & HEEY 2 M
i‘—i@%bf_yﬁn@aﬂﬂﬁ%%%m? R—=ZAFA4VIEH AR~
4 AV A F 72 5O ERD CTC/Attention €L VCh 3
(A1). F7=, fERDH 2 4w 4 ZFHED L g gL 7=
(B1, 2). Tho6 DT, ETFEE R0, HEmIEICRT
N7 B HEEOMER 2 /RIS L aWFETH 5.
Gk, BETHICBEL UL, 5.2 fiThRZ=HEH T LT
2 b (BEHGEDA V7w 7 2R HE, CTC 72—
& BHERIA) HBRONZSA OB S BGEEL 72 (C2, 3).

9, WETHER-—254 Y, koI 22~ 4 T
HEET 5 (AL, Bl, B2xCl). CliE, "—=254 v &
Wi LT, U-CER (B#rHEE “LASE @ CER) 23 0.06 K4
ML 72 8 OO, B-CER (8§ H3ED CER) # 11.71 KA
VIMRE L ZORR, 2RO CER 28 1.40 K4 ¥ biX
HLtz F, BETFREBERDO N 2 4w 4 ZFH 1D @

Table 1 Experimental results on in-house dataset
ID Model S| Y | B
A1 | Baseline 9.85 8.17 21.86
B1 | NEA-ASR [21] 9.75 8.11 21.90
B2 | Intermediate DB [15] 9.28 8.23 16.93
C1 | Proposed method 8.45 8.23 10.15
C2 | C1 w/o index probability 8.65 8.19 12.11
C3 | C2 w/o CTC integration 9.78 9.16 14.54

Table 2 Performance analysis on in-house dataset

Accuracy

Class [%] Examples
Katakana 86 JyvAnm, VIZrAv
Alphabet 84 CFD, PR

Kanji 64 T, JE

English 29 SKETCH, CASCADE

& & 4fkd CER # & U B-CER OWi i Tl 4R L 7=

Wiz, BEMEDA VT 7 2EERA, CTCFa—4
12 X BMERHAE & RO Z2HEORBII OV TH#kRT 5. C2
BLRUCIITRT LB, BEHGEDA VT v o AHERK
H %KL ZETB-CERIZ1.96 K4 ~ ML, CTC 7

12 & BHERHA A#FR< & U-CER 8 0.97 &1 ~ 84
MU, Zhicky, ThZhhEeHED L U2 st
DHEEITKT 2 ilakMERE & BGE 3 250 03 b 5 T & AR
Ihi-.

6.2.1. MHRED AT

FE T, ﬂﬁ%aéwawf TIT 7Ry b, BT,

TR IN-WMEBIZ ML, RS 2 0 L 2=, #
®i%@#@@éhfnéﬁmbﬁbfi nE < flib
NTOBLFORMHEE Lz Bz, [CFD it I0%E,
TLAT 7Ry FRRESGLFHEIN TS 20T LT 7
Ny MIBELE, 5k, TLZ7 75Xy F&id, [PR(E—
T=I)IDEIIZTNT 7Ry FEHATHE S5 HEE
ARU, #EEIE, [SKETCH(Z % » ) |0 kS22 hsT
JEH I N D HGEERT.

Table 2 ¥ K U Fig. 4 12, B8HEO DT & ORI
i, 78 6 ONC, BRI 2o HEGRRE SR A R 9. HE GRS R 1
25 3MET LRI KO BHFHENIE L < R T & 224l
EARL, HEGRRSRM 4 2 E LSBT AL - HlER
4. Table 2 k1, w&w%%7»77«vb®i7_,%
N e RE N RICUE T B HAEICE L T 80% LI ED
SRS AR L= 0lox U, SE3BIC0 4 2 ek 1T
29% &6 KA 5 72, FRIZISKETCH(A 7 » F) %
[CASCADE (1 2 — F) [\ 2 HEED & 512, —fic
AT TEILEND T EDLWIEZEDRRIEE NE L
<{E§7J")7’Z.

T, FEPICER IS T VX4 LIRS K
FZliENTEEEZENS. BETH(CIZBT ST
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F2 MLV A-FEXOIEE X N7 Attention 7T — KUC
JBIINX 7z Cross-attention Eid, A% 5 & B ERHLEE
FEEBm T 5 &5 FENED. ZD2D, #)ﬂxﬂ’\]“é‘(if;
WKL E BEOMAA LY EFHFOHEEIIW LTI+
P LN 722N ELLNS.

6.22. Xr—ZE 7 1 #&3L

FEEED L — 27 — 2T, 2 —FRBRIIE SR HEE
HIER L 2R D, HEEY 2 M8k & h 5 WisEu B4
BAEAIZ & %. Fig. 512, B-CER (8$#H¥#0 CER) 1= x4
ZHEEY A MY A ZOEB AT, AFEERTIE, HEY 2
ICHEAZBRLAEVWEA (N =0), TO2—2 7 — I
WU 25 HEE A B L 72358 (N = 203), NLE R HLEE
L 7284 (N =500 7 5 2000) ® B-CER %t L 7-.
FHEEY 2 MICHIEE ﬁﬁb&nFAmFﬁ)BCHH'
d&%ﬁ%%h&#ot®tﬁb WY 5 HEE A B8k L

A%N=2%)B(ER1&£L& HEL$T51—2

ISR HEEMIEINT % &, 412 B-CER (33N

L7 (N =500 205 2000). 7= L, HEE) 2 MCHEAE
gL WA (N = 0) &R L T+% 7% B-CER OUGER)
REFHFFTE TR Z s, BETHRIIHEY 2 L OH
4 ZEANCR L TCaNZ N Th B Z LRI N

=%

L

Reference: —FORy 7 IFEATE - THZ
1. Baseline: —FEDFX v I —T — NEoTHIZ
Proposed (C1) : —&ED 3 v 7 [ LEJ7E - THZ

Reference: &R ORI
2. Baseline: X & 13RI O KAk HE i
Proposed (C1) : Z & & 1351 o ik iz fil

Reference: ?&9 MEH O & =B —5fl-> T
3. Baseline: FEREBITE RO & X1TFH K- T
Proposed (C1) : FESIHIIE @D & 56> T

Reference: SKETCH & — & B\ T
4. Baseline: A7y T E— REBWT
Proposed (C1): A7 v TE— RZFAWT

Boldface: Registered phrase
Red: Incorrectly recognized characters
Blue: Correctly recognized characters

Fig. 4 Typical inference results

24
22
20

18 \\
16

14 \
12 \ '

10

B-CER [%]

0 500 1000 1500 2000
Number of registered phrases

Fig. 5 Robustness to term list size

Table 3 Experimental results on Librispeech-100 h

WER | U-WER | B-WER

ID Model [o/O] [%] [°/o]
A1 | Baseline 8.59 5.87 30.71
C1 | Proposed method 5.76 410 19.30

C2 | C1 w/o index probability | 6.49 4.83 19.98
C3 | C2 w/o CTC integration | 7.53 5.27 25.92

6.3. ZEET— 2ty N TOIREL

WIS, BRGEL IR LW EEFDEET -2y b
(Librispeech-100) IZ&F L, N = 100 ¥iEAHEE) 2 MIZB
LGOI A B 2k 7. BHARENRESC %M
LB ThDIIx L, BT EELFEMHAL 255
Thb720, TOLS LMWEDORL 2 FEEICR L CEHn %
BIZhS5ZEIIHEHETHS. Table 312, #EEXFEB L UE
FHEEDA ¥ T v 7 AfERMA, CTCIZ X 2 HERMRAEOR)
RERT. BEEOFMAERIZONWTE, HAREBOLE LIH
RO S N7z, REFHIT, "= 74 VLKL
T, B-CER #d# L, ZORR, &kd WER 2% L7z
(A1 X C1). F72, BEMEDA VT v o AERHA B &
U CTC Fa— Ik aHERmazkk< &, B-WER B &
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Enhancement of Water Resistance by Methanation Catalysts with LDHs Structure
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z = ABSTRACT

B 4 vEGET o 20 E#ELEHIEL, KZEX
& CO, DHEBMIEN» S5 NI A A% X2 LT
2 il A 7 72 12 BAFE UISORE 7 2 Wiz d5 1) B K ZER D FTA HI
B, TEDLHBMAREOMEN & 552 % - 72, WEEIZ K20
PERHI DASR, FERE KR & FIH L7z NiAl-LDHs (&
0.1 MPa, 300C D&MHTCO & Hy 55288 HA A0 5
A8 VR BRI E OB 2 R T RER S 5
7z, /2, HEW) 7o 82 EHALDERAR A &V EGE
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In order to enhance the efficiency of the synthetic
methane production process, the authors developed
an innovative catalyst that converts synthesis gas
(syngas) obtained from the co-electrolysis reaction of
water vapor and CO, into methane, and studied the
allowable proportion of water vapor in the source gas,
i.e., water resistance. Evaluation of the activity using
the continuous-flow method showed that NiAI-LDHs
utilizing layered double hydroxides exhibited higher
catalytic reactivity for the generation of methane
from syngas consisting of CO and H, at 0.1 MPa and
300°C. In addition, the authors experimented with
the methane conversion reaction of syngas containing
water vapor, which is an issue in the synthetic
methane production process, when combined with a
co-electrolysis reactor. The results showed that when
up to 20% water vapor was present, CO conversion
and CH, selectivity were equivalent to cases without
water vapor, and the catalyst exhibited enhanced
performance compared to the conventional metal-
supported catalysts.
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& Power to Gas (P2G) 12k B x4 VEGE (A X =2 3 V)
Hifhicd 5. P2G ®—>HIZ, Fig. 1(a) T/RTARS LY
Pedi 2 5L 72 CO, LHIRD K EZ ML TH LN
BKRFE (Hy) ZERLE LT, il & o 2281 RIS T 2 4
v EBGET 59 T 4 TG (Sabatier reaction) Td 5.
ZOHIE, Fig. 1(b) T/R¥ CO, & @il D KR (H,0) DRl
HF 7R i SR C & % R (Co-electrolysis) 12X D A H 2
(Syngas) $ & bb—{LKFE (CO) & H, DIRAMZHT,
Z DEEA A % FORHZ il & Fl o 72 B 2 OB T % 4 /’a’:
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RS TIERIBREER AN O T 3L — 1D a <, @i
g a4 VEGENBIFTERHHN A 4 X -2 3 Y OMGES
AT Y,

W A 41— g VORMKBIE LT, Fig. 2 DR
IRT VAT LERFLTWE Y, ZOY 27 413, I
HRHITH S A 4V &ERT 572012, ERICEVE
fiEsh R 23 i & B AR LRI L L (Solid Oxide
Electrolysis Cell: SOEC) #f&fg L 7= LM ) 7 2 & % fif
Z, PHICA 23 —v 3 VORETHEAEGWRATE S
BALER ) 722 (X232 =2 a VvV T O R)EMATE
D, HEE) 70 X THEONIARA X% £ 8 VITERS
LR E > TN 5.,

Source gases  ggpatier

Electrolysis synthesis
4H,0 _—SCTOYSS, 4H,+CO, _Symnesss CH,
20,

(a) Sabatier method

Source gases Pass through

CO, |Co-electrolysis | CO Methanation CH,
3H,0 3H, l H,0 |
(e}

2

(b) Co-electrolysis method

Fig. 1 Comparison of methane synthesis processes

Exhaust gas:

..............................

A
_B_r’iCtil—»By-production: O, ;City gas holder:
. 1
1
!

Iron works:  CO, = | Syngas: [Methanation CH . Storage
H,O == CO, H, reactor ‘ Ilnject n
. 1
\Co-eleotrolysm ’loity gas pipeline

Garbage incinerator:

Fig. 2 Co-electrolysis methanation system via syngas
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KX (1), (2NTIRTRIEAFEIFIZKZ Y, FRA 2 8T
()75 CO, H, K UMHEA 4~ (0%) pEkEh 3.

CO2+2¢— CO+0O* (1)
H20 +2e"— Hy + O (2)

EHICHIRIGE LTR () ITRTAES 2> 7 P KIS
(water gas shift reaction) 647 L THAET 5.
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B (oxygen electrode) TI1E, & (4)I1T/RT K512 0%
6B (0,) 2K T 5.

0% - 1/202 + 2e" (4)
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AWK NS 288N D D720, A4 13— a V)7
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5 NiY)ZELE IO NI F /R F421352012%< &
BZENTEZ2HY RIBY A b ERLL CO, B
L CH BIREAEDBLZENTEBLLEELS. ZDEY,

) '/ﬂ\: Interlayer
—

O o
@
& wi

Fig. 3 LDHs structure model
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L, R L NI 2SR & 35 LDHs filtld 2 i U,
LDHs filfiE D PR & s KO 2 7 4125 -2 251 %3
N3,

4. RBAE

4.1. fhE RSy

4.1.1. Ni #£iLatE RS

NiN— 2O, TFOFMEIZ & > THFHEL
7. Ni(NOs), 6H,0 &2 KICAMRE &, {ohini%E
Na,CO; %% (1 mol/L, Filt) & —#412 2 mL/ min DY -
{DELZZRRETE - —IZW F L7, ZOK80C T
RAMO pHEi % 8.5 2R > 72, 2 D%, kB EHE T
24 ERAGE L, e Tl X O % B 2 a0, T
2 55 Na,C O,y 58 ARITERE L7z, WIS, T & 225K
1 60°C T 12 BRIz ME X 7=, Beikls, 2225 2°C/min
THIRL, 550°C 12T 4 BRI L Thk L 72

4.1.2. Ni B35mtE D EF S

Ni & &iREIC & > TSI L 22803, DIFTo T
JEIZ & > CTHHELL 72, RO (Si0,, YALO,, ZrO,,
CeO0,) % 550°C T 4 IRpMHIBERL L &K1 O AL % bR
L7k, 3L 22 HICEERIET NI 28 A L7z Ni
(NO,) ,-6H,0 % B4 F v AR L, HHRICH 28X
B ZRFROMBT NI OFEENERIZTL 20 wt% &
BHEIITHHL - DT, HohRAWEERTL
REEIEZRIZE 5 L, ZO%ZEXH 60°C T 12 R < &
7= RIS, 22556 2°C/min THIRL, 550C 12T 41
RS LTk L 7=

4.1.3. NiAl-LDHs 3y

NiF/RfEESREERIBY A4 P 2T 201,
NiAl-LDHs (3R & O 22 K EARBEIZ & > TR L 7=
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9H,0 % 60 ml DRiA & » KIZ—HEICEMR /2. Thi
AN, 6 g DIREE 60 ml DA+ VAKISIERL 72, 7
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4.2.1. lbRmETE

FABLL 7= fimdit o bR A OMIE 12 1L, Micromeritics
B 3F lex MR- 2 JLEWHWNE T F 54 F —EHNT
N, PRI K D e L 72, JlEISdesr s, §XTOH¥ v
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Wi % 35 2 75 - 7-.

4.2.2. X #REHTEIC £ B8 EREM

AU 72 A O &S SRS A RS 5 220, BRI AR Y
#2781 RINT 2400 ¥ 27 240 X #EHFEEE % W T
X-Ray Diffraction (XRD) Hl'€ & ¥ Z %% - 7.

4.3. bR FFAm

FBEE PRI, Fig. 4 ISR 38 8 mm O [ K R
i CUREIEIC THEIE L 72, RIBE O REIZ LT OF
NEICH > TR T -7, mANSEY A RmOAEY — L &R
WU, WIZ2 g DLEME 400 205 850 pm DRIERICFHHL
L720.25 g D2 RA L2 DEFE, S 5Iphic
HA % VBT 2720122 ¢DH T A= ZEBIML, K%
IO EmmichSEY — L& FIH L 72,

EICALEE & U T IB O RN il %, Hy % 40 ml/min T
8 WM, 400°C TEICL 72, KD WEPEIZ DWW TIZ 0.1
MPa, 20 mL/min, Hy/CO = 3.0 T 8 IfEl, 300°C 1Z#EFF
U 7= 8123 L 72,

U 72 203, PR S 1k S At S e i Sd oD B 28 R TR
Hi%% (Thermal Conductivity Detector: TCD) GC-2014AT
&, KERA A+ b#itids (Flame Ionization Detector:
FID) GC-2014AF %A 7z 2D+ Vv F4 v HA < |
772K >THRINLZ. TCDIZ EHRTCO, &2, TWT
3 H, 22N ZhatllL Tk D, FID X CO ¥ K VUR{LK
FEEHIIL T 5,

Ik, CORMEEIZA (6), CH, LU CO, DFERFEIL
X (7), (8), 72 CH, OURIIA (9) IZHD N THM
L7z, N (6) D Ar iZNEBIEHEE & LT L Tnh 5.
ZZTR(6)FCOAFAMIERLI-ELGTHD, X
(7)3ZHm 722 mAtkFEE CO, DS H CH, DHIA %,

Liquid pump Vaporization

o I e W gj

& Dew point meter
Mass flow controller| Bypass
L} ¥

Ice trap

Back pressure regulator Bubble film flow meter

Fig. 4 Reaction devices diagram of fix-bed reactor
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Ar Ar
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Area (*)
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CO conversion [%)] = x 100 (6)

n (CHy)

e roT
CH4 selectlwty [A)] n (Total hydrocarbon + CO,)

X 100 (7)

n (COy)
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Table 1 Results of methane synthesis processes
(010) Selectivity [%)]
Catalysts conversion CH, yield [%)]
[%] CO, CH, C> Cs Cs Cs+
Ni-coprecipitation 55.9 0 97 2.8 0.3 0 0 54.2
20 wt% Ni/SiO, 99.5 2.9 93.7 2.9 0.4 0 0 93.2
20 wt% Ni/yAl,O3 92 0.4 87.9 7.4 3.3 0.8 0.2 80.9
20 wt% Ni/ZrO, 82.2 0.1 89.7 71 25 0.4 0.1 73.7
20 wt% Ni/CeO, 47 7 50.6 15.1 141 5.7 7.5 23.8
NiAI-LDHs 100 0.2 99.8 0 0 0 0 99.8
5.2. A 5.4. ERH ZNDHKBAFDFE

Ni % W74k D F s 3 filil & NiAl-LDHs @ CO #x
b, BEINE R L OCWED KA Table 1 1R d. 7,
NiAl-LDHs B+ CiZ 20 wt% Ni/Si0, 2Mod filti & R T
BI7-EEER L, CO L% 99.5%, CH, BN 93.7%,
I 93.2% TH 7=, 7275 L, CH, LIFHZ CO, Dk g W
5#7=. —7, NiAl-LDHs &, CO #&{t#% 100%, CH, &R
#.99.8%, IN#99.8% L&D E EVMEEZ /R L. NiAl-
LDHs & 20 wt% Ni/SiO, & 0 tbEHEREAERNZEBEH S
FUWHEAEL, A2 3 =Y 3 VICEN-ETH BT L%
ALz,

5.3. R4

NiAl-LDHs {Z2DWTC, A2 A THERA ZAD A & 1 —
g VRRE ARG L 7o, WS LIS O KBS, Alss 1k
FEERER UL L, SiEORR% Fig. 7 1R, i
JEH 250C DU Tk CO fisfb=R, CH, EIRFE L 3 IZ{K<,
275°C T CO i b 313 100% 123 L, CH, EIN*%1Z 300C
T100% 2L 7. — M A 2% — ¥ 3 YRIBTIE, Ni
= Zfil DB, IR 250 A 5 500°C 1Y) FE IR
0.1 225 MPa TEWKISHEEZRT Z L3200, FEUK
GO 72 DIRBIENEF & Xh b, AifETHREL 72
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Fig. 7 Reaction characteristics of NiAl-LDHs
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