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FAU (Facial Action Unit) Q)&%
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Expression Facial Action Unites

Surprise(ZZ) | 1+2+5+26
Fear (72if) 1+2+4+5+7+20+26
Disqust(3%3&) | 4+9+17
Anger(BY) | 445+7+10+26

Happiness (£4&) 6+12(+26)

Sadness(FELA)| 1+4+4+15
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AREAS:
m = Ellipse (10, 12,16, 20)
p = Ellipse (9,11,15,19)

ps = Polygon (24, 26,33, 27, 23,31, 29, 28,
p1 = Polygon (45,49,43,48,44,46, 51,42,
p_:, = Polygon (52, 53, 55, 57, 59, 63,61, 62,
= Polygon (2,4,6,8)
1r = Polygon (5,3,1,7)
DISTANCES:
m = Euclidean (61, 52)
p = Euclidean (60,59)
mo = Euclidean (61, Line (1, 2))
pi1 = Euclidean (62,63)
pe = Euclidean (20,15)
ms = Euclidean (13, Line (1, 5))
pa = Euclidean (14, Line (2,6))
ms = Euclidean (33, Line (20,15))
me = Euclidean (33, Line (28, 29
7 = Euclidean (23, 24)
s = Euclidean (43, Line (20,15))
po = Euclidean (42,43)
(

mo = Euclidean (44,45)
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HNNODAAOFT—4

oHRUSTRISATAITERAUE 6 3 DER

AREAS:

pm = Ellipse (10, 12,16, 20)
p» = Ellipse (9,11,15,19)
ps = Polygon (24,26, 33, 27, 23,31,
1 = Polygon (45,49, 43,48, 44, 46,
ps = Polygon (52,53, 55, 57, 59, 63,
pe = Polygon (2,4,6,8)

pr = Polygon (5,3,1,7)
DISTANCES:

s = Euclidean (61, 52)

py = Euclidean (60, 59)

po = Euclidean (61, Line (1, 2))
p11 = Euclidean (62,63)

p12 = Euclidean (20,15)

pm3 = Euclidean (13, Line (1, 5))
pa = Euclidean (14, Line (2,6))
ps = Euclidean (33, Line (20,15))
me = Euclidean (33, Line (28, 29))
m7 = Euclidean (23, 24)

ps = Euclidean (43, Line (20,15))
po = Euclidean (42,43)

>0 = FEuclidean (44,45)
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Face parameters
Area parameters: pj (night eve). p2 (left eve).

S ERUELTEL 7 OB/ 54—
e | .-

Distance/size parameters: pg (face height), 2

po (face width), pi1o (forehead height), ’

p11 (forehead width), p12 (eye-eye),

p1s (left eye-eyebrow). pi14 (right eye-eyebrow).

P1s (eye-nose). pie (nose height).

p17 (nose width), pi1s (eye-mouth),
p1o (mouth height).p20 (mouth width)
Normalization ‘_,
ry =p1/ps r7 = p12/po 13 = p14/ps
2 =p2/ps | Ts =p1s/ps | T14 = pr9o/ps

r3=p3/ps | zo =p1s/ps | xT15 = p2o/pPo
4 =ps/ps | 10 = pro/ps | T16 = p16/Ps
RERE 114 A@Jﬁiu‘%
15m%-70i% (HAAN102A, 5 EAN 12N, ZitE47N, BiE67N)

s =ps/ps | T11 =pu/pe | T17 = ;17 /po
e = p7/ps | T12 = p13/ps




HNNTIZEC TR =030 %,
COHEREIFATEARNEESLLY

BRI ESEN-EHB

® HNN 4 i
[CFRIFAIREIC

E/NTGA—ZICEYRLZEER

B GEORFE/INTA—FEZANTERSET-

21



EOCIE{e[# ., HE—) 7 L3 A Lgz @l {# 75 D H

' _—



104E RIS DI L = s@ SO R | DZEEE

LW BRI R ALE T
T IVRA LTHE—DR G A Al BER TR ILF—RE I f(EOC)

T S8 5 o il

HEEH D S =X il 1iEn D ET4ih =X

/// . Z R ST —D
LB & J & 4 A = ﬁé‘lﬁﬂ
AT LA 3 7 i T S EE ST RS 2k J & il 1D Al
NEZ ST, M 722 . uhi s z SN f-BE,
J /M2 t JZm/MIT 5
ERAY LIRS ks St %;)%-Afl% % %

7 IL3A Lt B

SC"IZﬂ—Pé‘b‘;;E,:\ 20065 H52021 h

DEIZESh - EFEHEDIREH

| 614:0) hiZRIENS, i




N SR ARERiTART R EREE TRY
EX/\ybh R REeFEE ST -HEEESETENER

AR T ROTDEYICEITSE L= T4 /3\— & DR HIEH)

e |; HRE  HE —H

BRARF SEmBEMFA AT 72— HMIMS) &
BELERt SRS BIZERT (MIAD)

BET RN RN I R—222 T 59 T4 —L(AIMaP) ]
BRIF A HFCTEREZEITTCLOHE




BEZERL[m]

20 , ,
— HEEL
ETILFRIHE
— IRILX—REHIHE

18"
16F
14}

12}

V=100Km/h

BRI a1 L—2 3 URR (EER)

I i

i1 75 (BRI 17D) (S
EEMEER

SRS /—H, REA
NURIVBREIZE-TESE
WEEEETHENSRRE
HEELVIAL—I3Y

| © =#i00km/hoEE
%

A SIRIE120[deg] D

ERRROERAEE 25

BUEERECRY
O*ﬁliﬁlﬁbo)iﬁé:?ﬁ?‘&U

=>I—HFODREIZE-
TULVELN.
IRILE—REHIE:
BEEL EDI—L—F
NEE>SEEEEOERE
H51secBEDEMERIK
S EE>FRR EEEREDS

=AY



Iml

LEET L EF AR, TRV —EE
BHE T /omV-mry, =X
5 s mV, +mrV, =Y +u

X

[ lis \(x Izr:M+|fu

Fy1 }Z Fx1 Fvz F oo X= Zin Y = ZFM
\

B% Wﬁ% M=(F, +F,)I, - (F, +F.)l,

If K + %(_Fxl + FX2 - FX3 + Fx4 )L/

L= rl(f}r)\/l+raur +rP

R4/ —  E&R/ST— P=Yv, +Mr

I%t—i+£(6—|ﬁ)=o
e aq oq dt oq

I=AN
=
==

m: EHEE B:ted ~YUF r . OM r oP
L - A—{BHE—AN \fiiﬁ'{iﬁﬁbﬁ U=-J— (r _ r)_ T ML
r:.EI—JT/—F ra 8r ra 8r



P < D E S [ a01a[ =

_NETDENVI/N\NYFZEDH. . EOCTHNTHE,. TNZFQHNNTEE I 5,

X FR—ES, BOET, Xxog, NHEEER. TR F—sm@d6iEwmIcED ¢
F K D BE2EE L DR, HARM T =em X 5, 2023 £ 895922 = ”TTE 2023
/06/25, [FRHARFE] 2FHH: 2023/06/08]. DOI: 10.1299/transjsme.22- 00272]

TIREREH FO S REYBEEZ 155,
F (t: Y, Q, Y» (p» Yobj(t): (pobj(t)) = %a(Y - Yobj)z"l'b(y - Yobj)Y + C((p - <pobj)Y + d(‘P - (pobj)(p
A0E1H: BRNEICHT AMNEREZH/N _ROEKRTH/MEI DI
F2IHEFAR VE(AE)RELRE (ARE)REZLLICEOISEIMEIZHRF T 451-0

D IE
FIE FEEPEICH T DEIERREZIZ S

a,b,c,diIETRERBMTHYHERBRZBELTRE. NMoZFQHNNTEESETHS



M. Hashiguehi 2022 417

With EOC I } i ‘.

5_1

S

Without EOC

/ h
Ll _
4 s/ / W 6?3
L7y S ‘@.
3.5} / ,/ Normal \ '
i ! #7

Y,y : _
— ] /
£ 257 ] 7, // / ;g:
> A/
/o
1.5¢ Z Iy \
1r Yo / - Sk 5 -
0.5¢ &, _ _ u . EOConly
0_
-0.5+
0 1 2 3 4 5 0 1 2 3 4 5

t(s) t(s)

VERTUIFIDREBHAZREL TNBIEN'S, BEE. RIER, WHEME, [V ITIRIX
ﬁﬁaFﬁEEEEEJ %%AL\T-biﬁ“O)'C\ Bﬁuaﬁb\Fbij https://kyushu. envgo.jp/twcc/qut/:}21211

rionailurus bengalensis eupt//urus) (&, ﬂﬁ?L‘fﬂﬁFﬂ EES



https://ja.wikipedia.org/wiki/%E5%93%BA%E4%B9%B3%E7%B6%B1
https://ja.wikipedia.org/wiki/%E9%A3%9F%E8%82%89%E7%9B%AE
https://ja.wikipedia.org/wiki/%E3%83%8D%E3%82%B3%E7%A7%91
https://ja.wikipedia.org/wiki/%E3%83%99%E3%83%B3%E3%82%AC%E3%83%AB%E3%83%A4%E3%83%9E%E3%83%8D%E3%82%B3
https://ja.wikipedia.org/wiki/%E6%A5%B5%E6%9D%B1
https://ja.wikipedia.org/wiki/%E4%BA%9C%E7%A8%AE
https://ja.wikipedia.org/wiki/%E6%97%A5%E6%9C%AC
https://ja.wikipedia.org/wiki/%E9%95%B7%E5%B4%8E%E7%9C%8C
https://ja.wikipedia.org/wiki/%E5%AF%BE%E9%A6%AC

T D ELEY DaX

BOEER. T473 L4 X, BIFE. Rk LiE., < KE, #FJ&—Ef. E-to-EBENEIRA
[ (F1=EOCT73!)— 0)nxn+t?{§x)JI$0)nTr1ﬁ( E18R EEIREAZEREOCEEMNEEHI|E) . B
ZMgz ) ?%Eﬁi%'-*ﬂ*ﬁlo

ZE ., TA473 AR, FAMERE. FE—Ef. BEEEREATLERTA/N—D
BEARIHZAZEHIE L) 7L A LEFESADI-HO—ER, BAREHESHIE.
2025F 9159445 . FF47H : 2025/04/25, DOI:10.1299/trans jsme. 24-00222.

ME—ES, BOEE, X8, NHEES. TR/ —@HliHEemIcE D Bl L 2B 2 EFZE[0ED
FREY, H AT =5m 5, 2023589#922 =, 717H: 2023 /06/25, [FBERFH] ~FFH: 2023/06/08].
DOI: 10.1299/transjsme.22-00272].

Diago,L.,Abe,H.,Minamihata.A. and Hagiwara,l., Pattern Classification with Holographic Neural
Networks: A New Tool for Feature Selection, Innovation in Machine and Deep Learning Case Studies
and Applications, edited by Rivera,G.,Rosete A., Dorronsoro,B. and Valdez,N.R., Book series :Studies
in Big Data (Springer),2023-6.



BEMNMHARELEZISOVER - by IL—R - nR—ETL a3y
(Ground truth perception) Hffy (20224 4 A26H)

BAGRNZBEFHETEICTEIT 0D
ROFLELUDAVETFCDEERRER




FEH

1 BEBSEM@R) DIAVETR: TR byI—R 18—t Ta v EHE
Fi5LLY,

LHL. EhERIEZMERTHDIE.
B2 DR - EOCTHRALGEREEMET IILEEEL.
ZThZEFQHNNTEE S ELEERICE I BDEERS,

I=F

2 INZEBEA—HEMTCLHELTHEREL, BOPERDE2ES R TLT
ﬁ&Jﬁ%bf:L\o




2026.3.18




R

2. IRIRDE2E-AID:R=E




R



HELRETZOL NI AHIDOWLT © BLxEy

(7173 1
s, [%ﬁﬁffgﬁ@aﬁgﬁ ] TP —
(2025 B #) 8 JC
vy . Lns A HIo 7 LA 2 TOEESRIERS
Ea B TORA B HERR /
A o L4 O & TI=HI1T 552 A
AD LE BRI TFIB T 27 L e TOIE

i 52 5EEN

ERERE-ESR
) S I 24
B | sramesy Ot EBEIE \
38 Rl SRF LN TOBEIRVERIET A5, VAT LOR

BEREFIHLTRFZAN—DBYIHIET HIENDE

4 OFSER M TTHEBE AL (HHAEIL) e

N []] BEEETOEEEGZE—FHEEE
2 DEVWILIPVDNIEBEETEVET
;f{ QEEEBONAREEHTTS :
| OBEFHT COEIEIRBEE(LAIL1DEAEHE)
S (= (B BEREMFRLGDNOAD 7 ILITAFNTES (LKAS+ACC) )

ADA Jé: (OEEETIE SRF LARIR - EEOWT Mh DEGEIEEER A
B CHEE RIS BDZILTIZFNTES BEEMD (T HEA
ﬁ 5 (BE7L—%) (ACC) (LKAS)

[ ACGC: Adaptive Cruise Control, LKAS: Lane Keep Assist System

. BERITSHE-0—FIy 20175 % &ITER #1 (BE) SUBARUTR— LR —3 2 HE EBIE () h— AR—3 43 REEHI TR () h— Lk—
x4 FAZBEENE (Bk) tk—L~R—  *5 Volvo Car Corp./i—Li_R— *6 CNET JAPANR—LAR—




2=t BiaUeRAnEIEDARIE

- IAHEV
| BENERE/A

BEREEL AL AD(LAILAEL 12-FSvoiEmRe | EEREELAIL: ADAS(LAIL2 +)
#lli#7AX:HDY v 7 + LIDERSR# + )L—ILAR—2R - wliEAIN: NOASK + A XS5 + End-to-End Al
E{TRIRER T 7 et (REIV—)  ETERER IV 7 [ EEER - thEiit (FREHRL)

RTINS YY)\ RAEAO BHERETEIRERLZ FRICHN TS




FXRZEBiEUERMHELEDEFRE
A

momenTtq c.o wpilo

3

o 1 ;\

BEhEEL AN ADAS(LAIL2 +)
HliEAN: NOAR + A ASERE + End-to-End Al
ETAREG TV 7 @& Ees i (fRERL)

(- R SR A BRI NAS<ZLTHY. ARRCOBEELET



2024 53

TRZ

F &

HE

a3/ LoygR

ANETFR

BMW

YAV

EFI3/) ET
Y /S /X

Lz K (BB
EHRFE)

ZhAF4>/
FUF7 /LS

MIRAI / 7 Z

/LS / 7L
77— F

S 22X /EQS

7> —X

L7+—4 /L
H 4 /WRX
S4

L ~JL2

L3

L ~JL2+

L ~IL2+

L-~=JI3

L ~JL3

L ~JL2+

LT XFH

R+ —ERm A e (FSD) .
HBIEH{REE. XEL080 Gk
E) &&
o aEEES (Traffic
Jam Pilot)

SEEETCHONY AT, BEE
B2 E (ProPILOT 2.0)

Bk 4+ EmEoN XA 7, FE
EBNETTHIE (Advanced Drive)

EmEoSTe2aEER (Drive
Pilot. FAw - KE7Z: & T

pu'r‘T’J’H#G) g Ejiﬁ
Pilot3& A)

(B TDrive

GPS - #1XESH 0 B ZhhNELE -
L —>#3E (7494 EX)

A (BfR&AR)

© (—EXHGT)

© (SEHERK)

© (GHfd=)

© B\ETY7)

O CEmIRMGHY)

@ (;,\z?ﬁ'ﬂi—rf * —I%—i.E_E)

HIEEX—H—DBENHEEED

A (BERTIEHIBRDS V)

X (HEaAm)

I:I

OTATEIZE1, FSD
lZZFRIC/H L. ERIC
T L ~RIL23K LN,

HEITD L RILITHIR
#H, 10058 ERTE.

mEEHER AN —-X, F
EEFHTERAMS.

ERBETOR b L R
B b

E - Mk » TR
U7 HERIE,

BRI D, FFRATICIR
HEILKFE,

BEO®L [HEXIER
EHXBLUE] =27ER,




hHARRAED BEHEERNDRILLE

X—H— et W

NS5 RUS BEUS BAAE)  oiatl WA IR Bl 5 s onpnsg)

525 (FSDAIH) S RIS BIRLETT gt ERaseEaTES
—METE, FRSAEQEBETA

FE{MPZ (Huawai-BYD) — B CEIXIFBETEITTCETD

AlRE(US. HARTIEAREFA)

FRCIRDOB O BINEFDIREEE IR T D ELNIV2IBD TR IAN—DFBERHBNEICHETIEH D,

v SETCOHARDOHRIE. NEEEHEE 1IZE DIKEEDREm Co ) . BEREEL NIV TIE7RLY
v 725&BYD-Huawei- Xiaomi- Momentazi& DHERE(S, — B oEEEiRnER<, BH

METT7IILP/IN\ DRIV EZEEICKIE CEDNavigation on Autopilot(NOA) +End-to
End AI(E2E) A=VADAS., GRIRKIET A TITUSERDH. RPETEZEIEPEERD H. )




R BEREFTRINTFHAFA LR DENF

e 2 FERM -7 O—F 202 6 EDFEEN
Y A NH SR EENFE CEE—DEARETIV C5E, 202 6 F45AIC
Tesla(CKEH) FSD v13+ (Full E2E) |EFI/REZE104ZICHEAL. BEZE L BT ARIS UL \EE YR \iEEx |

Zhg1bo

Momenta(FE) |E2E+)L—ILR—X

TSV UERRIFE2EETIV T, @B E —MED L2 + BEhEHRR
iremRbER. 2024 FLUIEZ<DBEFMEXA—HA—DOFEAITERD
L2 +FfHE U TERRATN TV S TRAZRE L TIV—ILR—=RHiHZER.

TSV UEBIXE2EETIV T, @EEis s —MEDL2 + BERERR

Wayve (ZEE) E2E+)L—ILR—X MEBERAH BERELEEEV. TRREERIIIIN—IR—IADBETL—
T HIEHSED A AENTHER

Hybrid E2E / EEEOEVEY 1—IILBER—XICUDD. TransformerX— I DEf,

Waymo CKE) B ESHEETIVERES. ©2 (Safety Layer) =¥IBEMaHEIHIE L

Foundation Model

TR IEER,

Huawei (FFE) |ADS 4.0 (VLA Model)

RE-SE-7oV3a0EZE5UIzVLA(Vision-Language-Action) £
T IV ZEREEE,, BASE COIER (B TERBICIE T 1) EEHMRIRTH
WrZ iz,

TS5BS EE2E-AI TS HIEAEMER TN TS




7 A5 DA EHBEHhEFL I
Navigation on Autopilot (NOA)XXB&nEE:+ End-to-End Al (E2E) lfEEY

o FTEDI—NIETT EEERCHBERERLICEEETEERY 3 BEEEIER
o RSN—DOEBERENEE L. UBHICHL TRIFEEISHITERIETH S ENAIRICABL AL 2SO

1. NZA TR L T\ 2 EEEERE DEL) 2. BEAKERK
| ftkoamEE | FASOHBEE

Y Bl — A—F EBIE(NOA) NOA

TR R T R L\ P~

TooH— LiDAR HAS e ~N
@) NASL—5—%  SURL—5— RRIEATHIEHES ﬂ

HrO o J—ILR—2 End-to-End AL

HDRY TOBEE  BHY =L aal + T7 il + R EEF bl 4]
SIAESOCOUTME  BU B4

GBS AT AT E2E

ERER %E = g /
TemniE wemosadcs  Mememawawes SR DAL BEHBOSEEAITITOYRT L,

! ! End-to-End AIZ!(E2E) BEhESR & M5

[H—TFTE+HDXS+E2E-ALIC. [REIN—F CRASTCEHEI CET CTOXM TH D



NOA +E2E-AIZI0 BEREFE DR anflifiE (P EmHIS)
FREMISE CONOA + E2EENLE KIKNR
© 2024%FES CHEBEIX1005AE R
¢ 80%HLDI—TF—HTIEEBASHALR I EEE, (Rt —MEt BEETTRRS ()
+ NOA+E2E-AIRDEEERES PUREREL YT 1 IOEFMEBERE L TRAIRRTFEICAE DT B,

REIOEMM 58 & Bkl
o ZE B CTHEMEZEERR EEEDOLIDARYI R EREE, EELEEERS TIXNEE,
- ERZIREITEEDS A - HuaweivBaiduB ENHEFEICEES L. OTAN T J X VBINOAEE TR
o EBTBEANOANDZEN B RBRIEADMISZHED . FERRLANIVABENERRE RIBX IEHRFENEITH,
FEMIZ COBZETDBEEOEMDEIM
- HREMFCIEINEY - RS -HEESEICMomentaZ BEIEITHEANIC &2 BENEERE = FEMIZICIR AT E-
« {BU. Momentaffiilc & % BEnhEEE D EamlbiE AR ETIZHD A DIRER

di#: YvE ot —E(McKinsey China) 2024 FhEEHEHEEFZ(China Auto Consumer Insights 2024) ]

T E I ZFEB TEND LA + HEREGEORENRD SN TS



RETCTOH®B

k3%

OLARRrIIDbZ3IX (202 5%F3 AFToEINE)
- Momenta&HERFEUZE2E—AIAZRD
SR IR R T LETEE,
Navigation On Autopilot(NOA)#ge

[CkY) BRI ERET D& JZTL\b\JEEK%E
=%

LLmls
4
[

NEEX—H—DHER B E

« BARICIE BN TOYR—FFEEITDOAI

. 2025%8H20H. Helm.ais BEER

HiE
« Momenta®EZ2E-AIDeepSeek®

« 2025F 10 R ICWayvy DE2E-AIX B

2 R e (D FAITE

[m(2025)

(ima

Fiti U TDeepSeekIZhNZ . fot&EEs
SIEHEEIC Momenta & HERFUE

[T D EEER TR X T L (ADAS) X%
EUTZEHE(CDIZ S HERFEE R

RIFREEET IV (LLM)ZF, REEZED
HMeebFZ=8 AU

EhEE R ZEYIIAATEPro Pilot2
DHFERBEREK, 2027TEHTTE

Hig: BB ARBIREVIER

» FETEHEEEB Y —iEZ (XXB B CEIT ARSI EmMIESN TS,

RETIE3IAT7THLYRERY ITRII7[FEER

*.?E&U—UFSEL\O

- IREFR T E®HmLANIVDEZ2E-AIEMTIIEEARICE S,




B E S R DB (IS

(imd

1. FERERBEENEERHE

1. BATIE RERETOLAINABERSEOEREBAL TED TLHY JL—ILAR—ZHIET

FAFREEDH TET,

2. BEAXRNRERKIZIHDY Y JZRiFEE U, LIDER+IL—IUAR—X I T OB E RO TS

2. FAEABEEMESGHIEIC DL TIX

1. EAETIE. BEEUCETRRERCEZERHU. ILNIL2OEE7ZO—F(LRIL2+)

DHEmIEHEATHY . E2E-ATFIHHIC LS HEICKI SR m

{EAEA TS,

2. BIICARETIE E2ZE—AIRIEHO BEMEEENHZ < LML THY  BEHEmE100 L aik
A THBD. COWENRITNIEBALGCVNED T T—MaREE TS

3. UL PAUATIERERCOI PRV IO T 7% BEE

5| CHEE

(J S EERIET DKM

84138735 (Executive Order 13873)h% 2026.3.17LYEIND 4. [EEEEFH

PR
SHDORM T INDZENKHONTU S,

AR IS FBEDRIIC & 2 HIEGEORRAARHSNTS




HR

2. IRIRDE2E-AID:R=E



R HEMH BIEGRATOHIE S EDREIE ReE
JV—IJUN—R (EVa1—-JVE)
- POTSLINEZBEN—IVOBEL—IVICEDS - AIEFIL TSI E LR

E2E AIAN—A

= FIETIRHLH BARE = HIFHRIN TS5 v 2Ry 2 X1k
= FNICHRETIZERICERICWNTSTOTSL - LiDAR. L—49—. SBE=rTEE KT UENE
YRR IS REE EURV (WASDOAHTOHIET 2RI EEETIESHY)
- T — (A XS, LIDAR. L—4%—%) Y EKE = WERBEFADOI) 7ZICEFTIY ZHRBREINAL
=R I(C L BRIESA (L5ERICUNERER)
= ETI) 7ZHIRE - FERT—YIDERNNDMKE (BVEHGEIET—9 DHRE)
(BRE=RTHHEREAT)T)
(EIZIK) HEE (B4) Turing

CKE) Waymo

(shE) Apollo go(Baidu). Pony.ai A& ¥
x-_‘fgqliAlﬁsﬁm LTLBEEHY

CKE) Tesla. (ZEE) Wayve
(FE) HUAWEI . Momenta

J Momeata

2025558290 BEE F4ETEE) T DXRSASEHRERDSIERK

' © E2E- Alﬂ?liﬂiiﬂd)ﬁﬁﬂﬁiﬂlc%ﬂﬁﬁﬂﬁ%l:@‘)\)l/—l\’(‘DIU,vBEE@ T
tk_—C“:E)% Hb ;78\5

8 REDAIFHEEFIFIRIA T 5V Iy IR ThHY  RanDZE{REAEN ZRE




IRURDEZ2E-AIDRREDEIH
FEAHTIU— AR EEERRRNLRYD
(RS & BRTRME E2EETIVEITSVORYIZITHY  BIRFLERC AT Z ORI E Uiz h I HREA
RLSR i EHMEREBEICHV CENRTTREEHE R B3 EHDIL— LT —IBRENEICRD

ar a1l 5ROV IR I PF RNV TOE R, 2I—NMERE) ASERA LR, BEMARER S E S S
RRAE - R STERE IO~ | s 2 hnsens

W — 72 & TaElE FET —YICEFRNRVKRMDERE (Out-of-Distribution) COEEFL, VX1l —
TVIT—RERRE | I3 menmmnmnanis

BEDOFE(X—HN— FB&E. VI I 7HHES) DBERZ.
BRI SRRIERENIS | OTAGREEE) TEL UG B ALE RS - B8 ST T 3 5 UL i (OSSR

ATPERFE DOXIGERE 2L DR _E &SR - 4REE, 7Y T T — o1 /\—1

b £ I ]
F& ERRER F2)TARBRED, #FEHICTE S DevOpsPMlopsIRIEDIEERNNE
SoCltaE & EEIaE =ERERSoCIE HEE N REVCIXNFOMEN DY 8V IERENZEZEKT SAIDRE

& Cld B COFBNHLVNCENBEIND

bz EH DRI TRmERE I DR EICTR D




HESNDE2E-AID#REE ZHFDEE

—HXEY 7R E2 EABRX

1. DASBENS IEErOt, STE R EEA (2R
fﬁ%j% 2. SIS TR REHEL T, HMFEEERED (FH)

3. BEICRRZHIEL., BEFORIEREREZTTD (KR e mesar)

\ 4

L TSVIRY IR TR BRRINTE BT

BT 1. HETORIADN B E

R 2. BREIEE CENRSEAEA DN B
B DRLRIT - 5




BHENEGHIEAEDZILETESH

1. BELEGRM OB T 1—IVRIDNSE2EN
AR VR I3, BT HROMEDI —IR—Z - IR FLDS, E2HRERBALRAT (T
BIRATL(E2ZE-ADADBITEINTLEXT,

LIl <AV 1.0(BYa1—)L8Y): 3855 78l - BRIt = @RI 707 S LA THESR, AEDI I Z7H
EVVHBATOOI—RAf-ThenJL—I) IZHKTZ,

¥

‘AV 2.0(E2E-AI&Y): T —7—%(Ef&. LIDARF) Z_1—32 /bRy ~J—=DICAAL.
EREETHINCRFEZ L,

Jp

NEXT? AIFlfEAE-VLAET IV (Vision-Language-Action): 2025~2026=FE([CMNFT. E5E
IR HEER AR UTETIVAES, [T FDREZUIZNN I ZBASECRIATE 3.
HDV\IFIE R CEDERMEICEE,

S2HRDE2E-AIDREZRRR T SFEREUVTVLAFIRETH TH D

\F

VLAICES R B ZDHRIEFE L2 IO S E2E-AIDESZHERF SN TLD



MIMSHEAFRES 20265F3A18H

BEGENELEZRRT O-HOHBORIKNERE

BENHESE L NIL3D 1= D17 EI

?.-,-,
III::U

B XY WA EEREE
FIRBEBERFEA VR T4F2—+
ZEP  1EK



Ij;_l ?'e—\: \/Msz:vmm

=
5‘?,1 ° ° ° 1I'IJ %Wgt%%
%2 ° ° o 1t_u %Wgtﬁ%

ﬂ“‘;’" fa—-'
785RK)




Uj_.?' *EE g \/M:';:m

Aﬁﬂ@ﬂ:‘iﬂ@ijj 3 %;ﬁ,% & *Ei_fﬁ*ﬁj‘%%ﬁ- L L\ﬁigjz,\a)ykiﬁ

BERBHIPOYTIVEALICERECESEREDIKEZAINICKY FHL, X
TLNT74—FNYy 793

I<TT0PL 2020, \ MIMISHFZEP),2024,2025
E??ﬁ?i'i%’\d)iﬁﬁﬁ N EEZERANDEH

MIMISHEFZZP) 2018

ﬂﬁ&i‘“ﬁ”"7 ||i ! ;
=
fiﬁ;e’ Ve o & b

) W




$§ B (Ekman, P)

[ RORE O\

FAU (Facial Action Unit) Df&E%A FAUIC & % 6B A KIE
AU No. AU % AU No. AU % ) ) , ]
; BORRELTS PP Ty Expression Facial Action Unites
2 BoA@E LTS BrEHLS _
4+ |EBETV2 BrEx1O0D Surprise (EZ) 1+24+5+26
5 EEE T2 2% | WEFTUFIEEML . ()
6 WAL FITS 2% WETFTTEREY ear 'ﬁ; 1+2+4+5+7+20+26
7 BEREIES 27 |oEkE Bl Di =
s |mrEuemEzes 2% | EEBLAL lsgust (%) Rty
9 BRLbiHED 29 | THEEEEHT Anger (3&Y) 4+4+5+7+10+26
10 |EE:2EFS 30 |SrEACTLT B
N | mEmeEsz 32 | Erau Happiness (%8 | 6+12(+26)
12 | EBEmESIEETS 3B |[EERLRAL =
13 |EemcaE LT omERezes) | 41 | EBE (D2 FUR Sadness (L %) | 1+4+15
14 AL E%ED 42 #B
15 ERE:*TT2 43 FAR
16 | FTEEFU: 4 | HERCT3
T (BL#v) 2ET2 i ¢
BrTiEzns wivrts
RO EE




\ —
‘/ X T A (Diago et al. 20084F) \Y/£M

AREAS:

p = Ellipse (10, 12,16, 20)

p» = Ellipse (9,11,15,19)

p3 = Polygon (24, 26,33, 27, 23,31, 29, 28,32)

i p1 = Polygon (45,49,43,48, 44,46, 51,42, 50, 47)
,-/_’__HGI’_’_'_—_:::\ ps = Polygon (52, 53, 55, 57, 59,63, 61, 62, 60, 58, 56, 54)
63\ p = Polygon (2,4,6,8)
pr = Polygon (5,3,1,7)

DISTANCES:

mw = Euclidean (61, 52)

p = Euclidean (60, 59)

po = Euclidean (61, Line (1,2))
pi1 = Euclidean (62,63)

_,f_" 3—~2 1-—7::.'\_ \h
z
EE
ﬁu_/w 28 ZQ‘L 19415#,15 'h

32 30 31
53 24(_ _\:\23 57 p2 = Euclidean (20,15)
47265033521 e / ps = Euclidean (13, Line (1, 5)) f
= pa = Euclidean (14, Line (2,6)) “0” - mén (A
o) (] b

(

(

( (
45337 ¥ 39—- ——38 3¢ 44 ( (2,

i 49 gg’_" = 55 ps = Euclidean (33, Line (20,

\ \-""43"""48 / P6 = lidean (33, Line (28, 2

(

(

(

(

28, 29) " = ~
54—--___ _'_‘__,_,5‘& pr = Euclidean (23, 24) : ”1" _EB bf%fd‘b\

ms = Euclidean (43, Line (20,15))

mo = Euclidean (42,43) ”2" - méné

po = Euclidean (44,45)
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Tablel LSTM and FQHNN prediction rate
comparison: The best prediction rate is 26.67%
among all subjects so that it is not easy for LSTM to
be applied. On the other hand, the best prediction
rate is 83.33% among all subjects so that good
prediction rates can be obtained even with a small
amount of data with time series type FQHNN.

Method

LSTM_1fm/sec

LSTM_30fm/sec

FQHNN_1fm/sec

FQHNN_30fm/sec

Accuracy
Best score Average
20 16.75
26.67 17.46
53.33 29.68
83.33 54.29

100

80
70
60
50

accuracy

40
30
20

Subl-sub44

e LSTM_1fim/sec LSTM_30fm/sec FQHNN sl 1fim/sec FQHNN sl 30fim/sec

Fig.4 Trend of prediction rate by subject :The prediction rate is
higher with 30fm/sec than with 1fm/sec for both LSTM and
FQHNN so that the more data used, the higher the prediction rate.
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Table 2 Comparison of face extraction algorithms used in the system that minimizes feature point extraction loss
by accurately extract only the face among huge number of frames generated in real time.

Subl Sub2 Sub3
. Number of Number of Number of
System Settings . Success rate . Success rate . Success rate
immages immages immages
i . Success 381 28.1% 841 62.5% 953] 70.9%
Viola-Jones Haar Cascade Classifler OpenCV
Failure 976 504 392
. . Success 759 55.9% 0 0.0% 1,325 98.5%
Color RGB-H-CbCr Skin Color Filter RGB
Failure 598 1,345 20
Total number of still images frame 1,357 1,345 1,345

Table 3 Three subjects with characteristics such as different skin colors, beards, and whether or
not they wear glasses are selected as subjects in multiple experimental locations with different
lighting and backgrounds.

Subl
Fresh-colored : Brown

Sub2

Fresh-colored : White
Background : Books
Illumination: Dark
Others : Beard Yes

Sub3

Fresh-colored : Yellow
Background : None
Ilhunination: Bright
Others : Glasses Yes

Background : None
Illumination : Dark
Others : Glasses Yes
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Table 7 Accuracy comparison for each subject. It is better accuracy to use only parameters with a large influence
than using all parameters for Subl, Sub2 and Sub8.

All parameters Eyes group Mouth group Face move
(p1~p20) (p12,7,8,9,13,14) (p3,10,11,12,15,16) (p17,18,19,20)
T Accuracy « coefficient Accuracy « coefficient Accuracy « coefficient Accuracy « coefficient
Subl 66.67 0.51 75.00 0.55 66.67 0.56 66.67 0.56
I Sub2 77.78(max) 0.56(max) 77.78 0.56 66.67 0.42 88.89 0.54
Sub3 58.33 0.50 0.00 0.33 41.67 0.55 41.67 0.55
Sub4 43.75(min) 0.50 31.25 0.55 37.50 0.52 25.00 0.44
Sub5 66.67 0.41(min) 66.67 0.49 50.00 0.49 16.67 0.47
Sub7 50.00 0.53 50.00 0.53 50.00 0.54 50.00 0.54
Sub8 56.25 0.48 50.00 0.53 50.00 0.53 62.50 0.48
B Sub9 60.00 0.49 33.33 0.58 13.33 0.36 53.33 0.47
" [T Sub10 68.75 0.45 43.75 0.44 62.50 0.45 3750 054
Sub1l 73.33 0.42 20.00 0.56 13.33 0.42 53.33 0.45
Sub12 60.00 0.45 53.33 0.46 40.00 0.58 53.33 0.46
Ave 61.96 0.48 45.56 0.51 44.70 0.49 49.90 0.50
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Research Question

Can psychological states be embedded in control?
Can anxiety be minimized alongside energy?
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Anxietv Fstimation

3. State-Space Formulation

3.1. Augmented state

Let z(t) € R™ denote the vehicle state vector, which may include position,
velocity, and orientation variables, u(t) € R™ denote the control input vector,
such as steering and longitudinal acceleration and A(t) € [0, 1] denote the
latent anxiety state, normalized so that larger values correspond to higher
anxiety. Then, the angmented state is defined as

x@) = [0] exen. ()

3.2. Vehicle and anziety dynamics
The vehicle dynamics are represented by

.'B(t) e f(T(t)a u(t))a (2)

where f(-) is the nonlinear vehicle dynamics mapping.




4. Anxiety Estimation

Anxiety is not directly measurable as a physical variable. Accordingly, it
is treated as a latent state and estimated from multimodal in-cabin observa-
tions, following affective computing principles [1, (7).

4.1. Multimodal observation maodel
Let the observable feature vector be
[ FaslE) |
F, voice (t)
F(t) = | Fooaturo(t) | € R?, (7)
Fi physio(t)
E F, ca.bin(t) =
where:

® Flue(t) contains facial and ocular features such as eye openness, blink
rate, gaze direction, and facial tension;

e Flice(t) contains vocal features such as pitch, speech rate, and breathing-
related acoustic patterns;

® Flosture(t) contains posture and micro-movement descriptors, including
seat-pressure-derived features;

® Fiuysio(t) contains physiological features such as heart rate (HR), heart
rate variability (HRV), and electrodermal activity (EDA);

® Fl.pbin(t) contains contextual cabin variables such as illumination, noise,
vibration, and temperature.




4.2. Estimator
The latent anxiety state is estimated through a FQHNN as

A(t) = fo(F(1)), (8)

where A(t) € [0,1] is the estimated anxiety level and fy(-) is a nonlincar
mapping parameterized by 6.

The estimator in @ is used as an approximation of the latent state
A(t), while the state-space dynamics govern its temporal evolution. This
separation avoids redundancy between estimation and dynamics.

5. Optimal Control Formulation

The control objective is defined by the cost functional
ty
7= [ (E@@,un) + ra@) a, ©)
to
where .J is the total cost over the control horizon [fg,f;] and A = 0 is a

trade-off parameter between control performance and psychological comfort.
The nominal control term is defined as

E(z(), u(t)) = =(£)"Qx(t) + u(t) " Wu(t), (10)

where Q = 0 is the state weighting matrix and W > 0 is the control weighting
matrix.

This formulation penalizes both control-related performance degradation
and elevated anxiety levels.
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