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Driver state estimation based on body movement and its application to the safe
driving support
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To_assist drivers in driving safely, we have proposed a measure for
evaluating driver inattention based on hand activities and developed a detection algorithm for the
measures. The proposed method detects the driver®s hand activities as acceleration signals using
inertial sensors attached to the wrists. Furthermore, we showed that the detected hand acceleration
signals could be used to detect inattentive driving behaviors and their mental states, i.e.,
drowsiness and visual/manual/cognitive distractions in driving, by applying machine learning
methods. These results show it succeeded in the studies on developing the evaluation method for
driver vigilance based on hand activities and its application to driver state estimation, which was
the goal of this research project.



B X C—19, F—19—1, Z—19 (@)

1. WFEBRAE 4O 5

JEIR V) ElR A S de BIREES) ICX DN RIEZBELTEY | SEEERAEBEOR 2
Bl 55, BIKEIRIL, ENRIRGAR EICED RIA ROERLEE IR TN ORAERNO
—o b3, FOMEME (a) BHIZ, BELL, £72 b) RIANRNNZESTEHD L RWHIE
T, (c) Bz e, PHIEZE~OFEBIIIEFICREWENZ S, L, EBRIRRE L
W) RTANONH) CLER) REZHEETHHL S5, (a)-(c) DEMZ o323 51k
I, REFEBEIN TR, £72, DRI/ 2 EOAEFIEEZ A= FiEBIFERA 5D bR
TVEHN, BHICIRKOMMEZRG L LTEY , BEXFECRRTH L ORFER EORBEOIKT %
DR WVEE K T ORAIZITEEER S > 72,

— 5T, RIAROEBINMEFTOMIAIE. FI7A SOH KRR OB X (2 EBE2 KT L
PR ESNTWD, =& 20E, BRUAOARICE D AT T U > ZTEEOFLN[1]°, Eiz L 1T
ERZBRORWEME (RIRITEY) OIAEME & REEE & O#E N HE S5 [2][3], 7z,
HIEEICRB W TIX, AT 7V U 7 EOBMEEBIEDIZN, AW E & o720 | ik 2 BAE
THRELL OIEET TF) DERNREEZH-TWE, 202D, FOEBIEIZERTS
Z & T, EIRBEOELILREIRATEI DI L W o T-  IEE K T O RfE & 72 2178 A E 2 D
NHAREMENH D, LN L, 0 OITEIREN D R T A NIREEZHEE T2 E T, HEEIE TN
TOMEICRIETHELTML, ER(LTDHIENMHEL SN TWRWENTRETH - T,

2. e EM

AR T, EEIFH O R T A ROFEENE T2 BRI, BELIIBRmT2Z 2L L, 1
KDL 72 EOERIBEICMA T, RIANRNOHIK, L IZTFOEXITHER L7 KT A /IREEHE
EFELZRET D, TOEMMGEE LT, AMERETIE N7 A4 NOEEME T AEBEE, B
FOTFOBHX I RIETEELHAET D, HTOBERETHZOOEAT LI X LEHR
M5, 2O EIZEoT, RIANOERNE T 25T, BE X RIT 57200 E RIS
DML %2 D K7,

3. WDk

AR TIE, FOBE 2 FEEEOMEEE ¥ (4 1)
ZRAWTFEIMEE L LTEIL, 20ErbIRECHE
B, FEBERED RI A ANOEENET 28 ATH) - B -
DEPIREE D FE A IR E O B L W HEET 5, BEMIC
I, B CTES Lie RS E O N2 —r b (1) R
TANDITEINE ZHEET D515, Q) IRR LV~ E2HEET D
Bk, (3) MEEIROEAVRIEET 5 ik, OREL 3 A% .
WFET %, 7035, AR TEMT 5 A& x5 & Lz ERIZOW R - A )
TIE, BBHINEI AR NE2XS e T o mEsEaELEES _ , ol
DEBET, Z ORI ST LT kg 0. B A Ytk
13, 2020-07), EERITENEH A D —15

(1) FoEIEIZES ATENEDOHEE
D& AT EEESE, ERERE
SMZ R IANRNDEEEZE LT
178 (RE2ER TE)) & HE
ERA a5t 8 MEOITE) (X
2) E T A2EBRE T/
JvIalb—4% (LLF.DS) #H
WTATV, R TEN T — & &Y
55, XHRETDHITEL.
NHTSA B L O\ NN—T =7 TEK
I T % i & v 7= 100-car
Naturalistic Driving Study 7 e e -
Y o X 2 : EERFEITHIZIT S TEIDERES
HEBBITEEL, MFTAT 7Y 7 2EET 20 7EisEL N EEE) L, 2
Wz T MEEEfh) T xR 7o & Ol EIEUANOITE 1L 35, ERSINEOLELEOFE
HZ AN OIS o B 2355 UC, [TENCHE D PE o8 2 IEEE & L CRidkd 5, TS
L7eF =2 inh, ElRH OITBNAE 2 HEET 55 1 A7 v 7 & LT, Sliding-Window ¥ & k #
EPHEZ A S DR TTEINEOHEE 21TV, FEIC O T EE RN & o TRt vl e 72
TEHAH OITEING & F OHEERE I OWTELEEIT I,

(2) FOBEE IS IRK L~V OHEE



R O TEERE AR T N KB EIC RET B2 RA S 2 BT, DS RiC@mdER AR L7 1 4

#9330 km DHGH7ZR = — A 2B L, REEEAR RN A LT WK Z 8 L TEREZ1T I,
G Lo T ABUEN 5, X3 B I UK 1ITRT & 9 REKITEIOR AR ZFE L, 1 2Mb
720 ORAERE (H1/5) S RN RD 5, £z, EREEG) SFHE LR L~ vz
Kb, BIRATEYDIASE & OFBIIHT 21T 9, IR L -ILid, R OB OFERE % sk
L7c BT ARG 2R ES 3 4 03B L RIFCHEe EO1TE RS O TR & 5 IR T 6 B
B (0-5) THREILT D, Thz | P LR ZIRK L~V &5,

F1 © BAREER] O BIVRA TE
HBAL ITBINE
Jr g, AT T T RBERZ, BH
ML B | SO B RERAL~D %2,  fii & i
TAT %
M2 fRER | B, TREME, (REROE)X
M3 £ | &V, mVWBEEHFDOREZEL

3: ﬁﬁ@ﬁiﬁ*ﬁ%«ﬁ (a) i 55 ¥ 7
£ BIRABID AP (b) W R | RSB, LR

(3) FOBEXICER LIZEiRAHOHETE
R TR ELSN OEEART N A T
7256 BIH~OER DB CTRRENH W
DIENDIED, HEEOBEICHENNAEL

Dol zIE, (RSB Ok 5 I3 N

% GEE) 00k ene T30 0% TR panens|  INAVA

BN S NIRRT, B 4 1SR bkt BREEys
2. FEMOZEHBIRBNICRDL L E e .
xR LT, 37205, FEEOZ : i
B0 b VR IS T O IR 24 2 54 % e
Moz LT, SETOFOBXIT, 7L 2
i, EERMOMEE Y2 NS Z LT, V )

% LORIE L < anTx 5, LavL, Bug . REEL iy n
UM (R B () A% B0Es, &« w  w — =
RECE NN DB % G, % 2T, Times b Times b
ST 7 — ) AR e 2 R AR AT M4: RAEHEEOARICLD
BTV, BN AT — AT bV FEHBLEHOLLOH]

Xpsa M) D 5 5. NDHEABNC T %

WA DT 5, = 0 PSD i bIKAE IV TR B L O % BT 5.,

_ Mean[Xpsa(mk)]
Jhands = StDev([Xpsa(nk)] M

7272 L, n, kITBESR ORZ] L BB E R L, T hing < n <n,, ki <k < k, OFIPH CHIZEAE
ERHT D, SR ARNEL D & BIEREDNHER T D, TOME, TRFENIREMNIZR S
Z LT hanas TEITE R T D LB 2 B, ZOREIC LY | EIRAH O 5,
REEEOZLEEZGET 572010, ZEHEEEEZ AW, HiIgA R4 U9V IRIE 2 526k
MNCFEBLT %, FFEIZIIDS 2 W HFEREEY . BRREICITIREREO—FETH D N A
v P EE TN ENH WD NSy 7 EBEITERSINFICABEFIC LY 3 BHR T Ho%kT
T U MNIERL, BAESEREINTWAETENNERIEEUAAETEELTH L 9, 1 ET
5 0 0FETEG 12 B/ NTH, B AmEL (N=0) &HH (N=1,2) OETERXAIITI,
FEBRBINE DA O T EEHI/NUONBEE Y 2355 LT, TIRFELE S INEEE 2 5isk
T 5,

4. WFIEERH

(1) Fo#EXIZESITENEDOHEE

Tl B R A AT 5 20 ROBME 10 L2 XIRICT, 1 AHTZVEH4 By NMyOFEBRETEIT
W EIETTEN T — % DINERBR 21T > T2 IUE L= FRIEE DT — % 22— EDXM (7 L—21)
O L, 7 Lv— AEBICREEOR M AV K LT 5 Sliding-Window {EEH W=, 7L
—AES s V7 MES s (ZL—AROA—1"—F o TR 60%) DT, 7 L—MEITNE
JERTEOWN T L OEMEE Sk E R L, FHEE Lic (A TE X3 fill X 2 FrdE=12 F¥aE/
T L—2n), [TEHEEICHWD k SUTfHEE, w7 LT A AE L THMTHY | ET &
INAR=RT A= E Pk DR THDH T2, ARTIE, Ik 25 & L, AFEOKRPIID A

5\!‘%

FRIMEE [m/s)




T TELTR—RATA R DFELE LU TEHLE

Kb Xy, 2—PEFET NV FELETAMIA—2—FOT =2 20D 5E) OHEEHRR
EATENRNC A% & Tl s AR T EEE] O F a0 80% Truikrm <. I\ T M2
DEL) M) 2 70%% B2 T

Do —J7. TOE R IXFAELH 15% Ba-YRY W a-SEE

100
T ]

CHOFBIC < BT IH I I B

W, 2L ThE R 0k 5 72w 0 ] L]
D OEENMEN R CIE, @
B L ST R RO MRS ©
I 72 DA 2 3 B I 5 IS = 40 i —

L2921 (ko (3) DRLE) . K "
1 — J550 5 B AT % R L 7 R i B 1
HBATAHZETlIhE R OHEE 0

LI EDRERN G IR & >

SR LT FROBE 0BT, ®5: TRAOKTREE (FiE) Ok, 55
AEHER T OITEY A OHHE DS A HE Z1ES5mE 102 DFHE, TS5 —N\—ESmE
ThoHrZ LamRLT, FOREREETRY

60 —

(2) FOENZICESIRG VIV OHETE

Wl BB AT AR 20 D 50 ROBL TANSIL, SIFITITFERITAOT L a—
NN T 2 A o E Ll GNP OEBRUIIEZ D KX O R Uiz, WE LZFHIIT — 2 5, Fl
WATEN D F A L IRG L~V & OBIMGR & T L7,

XU, EEIEERE L ETRM (A B) &, REEME T 2ME L-x R (C1-c4) M
TORK LIV EZHER LTz, K6 ICERSINE T4 095 1 0O RERT, 777 OGN
FERBALAE D & ORI 2 | fEhXIRE LD 1 0O EEEZ . =T — \— 3% O R Z=
EENENET, ZEIEBOME., &M CL 15 4 DIRK V-V OHFREIL, &M A B OIRK
LAUL Ol & T, BREICE T2 (p<0.05), IFDNDOBMEFOFELR T [FEEDE R % e
BLTz, T7hbb, & C1-C4 DX TAER TROLWE LEERBER TOBREMRTE,
BT YA L O E AR LT,

A B C1 Cc2 C3 C4
T T T T T T T T

Dy 4 = n=62 H
< T HM ’ % | @\ 1 é 10] p=234x107 I
0 10 20 30 T?[?le(mm)SO 60 70 80 g{_l 5 | H
ol |
B6: RELALOHEBOH (Subj. 1) s —] i
X : s
@0 -4 —
2 FIREALBIOR AR, IRKL-~UL 3 LIk Low High
TOHREREE BINE T 45y CHEA R L ~L[]
| R | RIE | B | AR X7:BRELAILIZHT DBRIRITEH
Py SHEEOLE, SmE 1459 TEET
F¥ | 144 41 110 28 323 L. & - ORI LANLETHEROR
(A1) E#ZE#H— (n=62)

Wiz, IRK L~vfg: (0-5) ORIRITENORAEME 2R~ -, K TIRT L9, IRKL~LD
EAE (0-2) L@EME (3-5) 2B DEWRATEIOIEAME (Bl/min) OFRAEIZHOWNT, 7 4=
7 AT ZNEARRE 2T o To i R, mIRR L~ v O R, RIRR L~V & ik L TR R
@7z (p<0.001), T72b b, IRG L~V E £ 5 & BIRATEN O F A SEFE AN A AEH A &
RIBLTWVWD, 61T, IRGA LUV 3 UL ETORIRITEIOR AR Z H RTINS & (B
2), G, HHOBE 72T T <, B, B0 E 204 0 RIRATEI O AR RIE S FFRELL R
FELTWAZLEZMR LT, ZOZ L, HEIEF O LikoBhx 2358 Tl L, B
EOME (H DUV T Power) 23t 252 LT, IRKLVAHEED FEEL L CIEHTE % alHE
PEER LT,

(3) FOEXICER LizEiRAHOHETE

Ol E BN HART A AT D 20 (RO B T4 B RICHEREIT T NNy ZHBEOARIE TN (12
*AHEIRAEHOEANE, (D) ZHWTHE LR A2 8 1R T, 70, EOHS E (A
K7 N) I X 0 HEERERNEET 202 RAET 5720, X8 OfEFIcx L, —JohlE K ERIE
DT AT o T, ZDOfER AWK TN IZXAMRENAETH-72 (F(Q2, 12)=19.08,p <.001),



£, ZELEBOFER, NOEOMAEDEICBOWTHARICERRDH Y . N BDRIWVTE,
O LD FENE < R DITEV, Jhanas VA EIZEE -7 (p < 0.05),

EBIC, AT TV U ITHEDSLDEDESNNS, RIANRORAHEHETHIAT T
T hr b —E (SE) LD E{To72, SE BITHBE TF2ONE TR T A NOBHEA M & HE
ETHHED—2L LTUAKHWOBNTWDIFIETH D, EEE L SEIEOZNZEND HIET
LA ZHEE LR 2K 9 1TR T, ZORER, MIEEMICTRWIEOFEE (r=0.91) 23H 52
LEMER LT, LEDRERMNS, FTIARDOZITHAMEDESWE, IEEE I BEE LT
FHROBMEOHNETH, EKTIE (SE) L L CHRBEDOHE CHE T L2 LT,

© subj.1
—6—subj.1] ——subj.2 —+—subj.3 —subj.4 45— * subi2 o
45 s oy i) - subj3 5
4l * subj.4 O
4r 1 subj.5 +o + =7
~ subj.6 + O
3.5} 1 m3‘5- v subj.7 N 9 -
1) o
EREY - 5 3¢ s T A
—= / - A CO0gn P osm
2.5¢ / ] 251 oF 5t <o
Y
5l | ! R
1.5 : - . 1.5 . . .
0 1 2 0.4 0.5 0.6 0.7 0.8
N SE
8: BEEFNIZXHT S 9 : IREEE (Jhands)
REEEDOZEIL EWEFE (SE) & DELE
(SR SR

1. 0. Nakayama, T. Futami, T. Nakamura, E. Boer, “Development of a Steering Entropy
Method for Evaluating Driver Workload,” SAE Technical Paper 1999-01-0892, 1999.

2. BEIBR, 7y b 7TT7TIURX, TEEE OITERNTIZ D < JRIR V) SEER R 5k
DOBAZE, 7 {E5%45 D, Vol.98-D, No.4, pp.700-708, 2015.

3. M. Sunagawa, S. Shikii, W. Nakai, M. Mochizuki, K. Kusukame and H. Kitajima,
“Comprehensive Drowsiness Level Detection Model Combining Multimodal Information,”
IEEE Sensors Journal, vol. 20, no. 7, pp. 3709-3717, 2020.



11 11 1 10

Kan Tsubowa, Takuma Akiduki, Zhong Zhang, Hirotaka Takahashi, Yuto Omae 17
A Study of Effects of Driver’ s Sleepiness on Driver’ s Subsidiary Behaviors 2021
International Journal of Innovative Computing, Information and Control 1791-1799
DOI
10.24507/ijicic.17.05.1791
Takuma Akiduki, Jun Nagasawa, Zhong Zhang, Yuto Omae, Toshiya Arakawa, Hirotaka Takahashi 22
Inattentive Driving Detection Using Body-Worn Sensors: Feasibility Study 2022
Sensors 1-15
DOI
10.3390/522010352
, , , 34
2022
544-549
DOI
10.3156/jsoft.34.2_544
Daniel Kreuter, Hirotaka Takahashi, Yuto Omae, Takuma Akiduki, Zhang Zhong 16
Classification of Human Gait Acceleration Data using Convolutional Neural Networks 2020
International Journal of Innovative Computing, Information and Control 609-619

DOl

10.24507/ijicic.16.02.609




Ryoto Tanaka, Takuma Akiduki, Hirotaka Takahashi

Detection of Driver Workload Using Wrist-Worn Wearable Sensors: A Feasibility Study 2020
Proceedings of the 2020 IEEE International Conference on Systems, Man and Cybernetics 1723-1730
DOI
10.1109/SMC42975.2020.9282860
, , , , 61
2020
1-27
DOI
, , , , 33
2021
549-554
DOI
10.3156/jsoft.33.1_549
Yuto Omae, Masahiro Kobayashi, Kazuki Sakai, Takuma Akiduki, Akira Shionoya, Hirotaka Takahashi 11
Detection of Swimming Stroke Start Timing by Deep Learning from an Inertial Sensor 2020
ICIC Express Letters Part B: Applications 245-251

DOl
10.24507/icicelb.11.03.245




, , , , . 32
2020
544-549
DOI
10.3156/jsoft.32.1 544
Zhong Zhang, Taira Furuichi, Takuma Ueda, Takuma Akiduki and Tomoaki Mashimo 10
A New Risk Estimation Model of Bayesian Network for Adapting to Driving Environment Changing 2019
ICIC Express Letters, Part B Applications 529-538
DOI
10.24507/icicelb.10.06.515
Takuma Akiduki, Zhong Zhang and Hirotaka Takahashi 13
Feature Extraction for Gait ldentification by Using Trajectory Attractors 2019
ICIC Express Letters 529-538
DOI
10.24507/icicel .13.06.529

15 0 2

2021




37

2021

64

2021

Ryoto Tanaka, Takuma Akiduki, Hirotaka Takahashi

Detection of Driver Workload Using Wrist-Worn Wearable Sensors: A Feasibility Study

2020 IEEE International Conference on Systems, Man and Cybernetics

2020

36

2020




SWM

36

2020

Kan Tsubowa, Takuma Akiduki, Zhong Zhang, Hirotaka Takahashi and Yuto Omae

A Study of Effects of Driver’ s Sleepiness on Driver’ s Subsidiary Behaviors

14th International Conference on Innovative Computing, Information and Control

2019

69

2020

10

2019




2019

62

2019

37

2019

35

2019




35

2019

2019




