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Fig.1.1 Adaptive Cruise Control
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Fig.1.2 Collision damage reduction brake

Fig.1.3 Autonomous Emergency Braking
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Fig.1.4 Lane keep assist
Tablel.1 Automation level
LEVEL 0 LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5

What does
the human in
the driver's
seat have to
do?

You are driving whenever these driver
support features are engaged- even if your
feat are of the pedals and you are not steering

You are not driving when these automated
driving features are engaged - even if you are
seated in"the driver's seat"

You must contantly supervise these support
features; you must steer, brake or accelerate
as needed to maintain safety

‘When the feature

requests, These automated driving
features will not require you

to take over driving

you must drive
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Fig.2.1 Experimental landscape

Monitor Monitor

[

Driver A

partition Driver B

Fig.2.2 Schematic views of the equipment




Driver A

Steering A Brake and
Accelerator A

A

Driver B | / PC \

Steering B Brake and
Accelerator B

,,,,, -

Main display B

Fig.2.3 Configuration diagram of experimental equipment
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(TR DR 2 FL T

(DFoundation rail, @ Handle ,® Timing belt,
Timing pulley, @ Motor, & Potentiometer,
® Bearing block, (7 Steering

Fig.2.4 Structure of steering device
23.1 EHL—

MISUMI D7 VI 7 Lb—2A [6 2 U —X & 30x60mm 2 Flif 4 ifilfE] 2460 L
TWo. &RIE 1500mm. M6 RV 2325 2 & THICH M2 EEONE CTEET D

TENTED., AT TV THEEOHEIIZOL—L EITHEEINL TS

Fig.2.5 Base rail
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F— % —|F SAWAMURA MOTOR SS40E4 DC24V Z i LT\ 5. AT 7 U 72 h

MBAMEEALSE D=0, HEPRICREL TS, T—X—(3ERZINLTLEb D
EEHALT, THL— L OflmEO#IC 2fETy P2 AEMEHL CEESIND. T

k% Table2.1 [Z/RT.

108 26.5

20 ol 2 g _ 4x04.5
=7 1 lere
) el !
o o
o L@l —— — 1I—3 D
b -
¥ Mass  1.1kg [
A
Fig.2.6 Motor
Table2.1 Motor
METER Continuous rating A% Noload | misr BT wie wessl rvy | 75
BE 3 % W (EEE B | jEE-XVH6D) | BER BE
Voltage | Current | Speed Torque Current | Speed |ArmatureR.|R. Inertia (tm) Brush L
N-m (kgf-cm) A rpm ‘ kg-em® (kgf-cnv) | ms mm

0.16 (1.6) \ 028 \ 3100 \ 17 53 (2. : 0074 | REEX

2.3.3 Hhsz S

F—H —OBEEABIR IS E 57201 X4 ROWMDBH Y, TNEFNEXT Y T
(i, 2 B AR AT LI DPRENS 2K, AT TV T OMN 2 KD L. %
NZNOHHE ) OBHEIIBIE CRYE L -7 1 v 7 2V Tna. iz 7 r v 7
X 77 U ERIEEES T NSK MF148ZZ (N2 08, MR oldHZFEH L TV D. &
TT VTG T ey ZITIEAT A NG E T DT IVIED IR0 DT80, 2 J5h

DA KR T X 5 8= A2 1T NSK 30240D(NEE 012, 4ME g2 & LTS
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Fig.2.7 Bearing
234 vy 7 F v b
AT TV v T ORI E, EERICER L TWABRORRISE ST A0, 277U v
T O OT TeRT D v 7icm v 7 Gy b TR, BB 2R BRI ) B A L

Thd. vuv 7ty ML, XTIV THFY K ANl ZHWWTWA.

Fig.2.8 Lock nut
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EIEICENOICS WE A I T b, FAI T T =2 LT, ATTY
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— U —|% P20MXLI100(tE%x 20), PS4MXLI100(H4% 84)Dieiditt 4.2 & 2 B, ik
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Fig.2.9 Timing belt

Table.2.2 Standard of the timing belt

Belt width | Material | Pfmm] | Ra[mm] | Lrfmm] | Hfmm] | h[mm] | [[mm]
60 Gum 3 1.95 1.95 1.94 1.14 0.8

236 RTas A—H—
ATT Y SO ERET HTOICRT Y a A —F =R T 5T

%. Fig2 10 IR L TWART g A—F—%, Table2.3 IZF DHAEZRT.

Fig.2.10 Potentiometer

Table2.3 Standard of Potentiometer

Effective electrical travel | Resistance Independent linearity | Normal rated power
3600° 0.1k~50kQ £5% | £0.25% 2W

Optical resolution Mechanical radian | Rotating torque Mass
0.009%~0.059% 3600° Max4.2mN * m 21g
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237 ATT VT

Fig2.1l \[ZAT 7V 7 O2KX %, Fig2.12 & b7 JIEMEOTFEMX 2 /~T. A
TT VT O TFEHOEHMZITE D hENRONTEY, OFTATF—VE2 0T 52 LT,
K RIAN—DEF - EFO M ZMETD. 7V v 7TES I OIC#s @ - TR Y
ETFT Ao TS, 7o, FIIAXBMEHRENTEY, TEHOERITH LT
FIRBBIZ Ao TV DL 70w 70 b EERIC FOEMEIC I 252 5720, [T

DHDH Y BT ZENTED.

Fig.2.12 Mechanism of steering
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DEITEREE T DA DRI A TEE L ETREA S L ER 21T o 72,

EEER EOEITEREDSRME L L, VAT A0, AMO KT A N—|0EiE L

ZFWS L EEZD. RIA LV 2 L——CHERT 2 ETREIT&EEK -
A B —F = VAT O EEE R D O BENL S D 72 6D O AR B JBOE B~ 0D HHRZE
THDH. A LI ETEREEA Figl. 1 (R d. 1 HROMEIL 3.5m, AEEFTXMEIE 200m,
B ZE X RIE 200m, BHEEITERIEL 100m &5, F7o, RERTIIEREFTIC
FERTDIOMEmIIRRLRNSD LT 5. Fo, ERPICHEGET T 5 HS % EE
B35 L, #RENETREICENLTLE S 729, Figd2 O X ) R BEHER T Dl
5 »ITHE LICETREZMEN Lz, EHRAT TE HHUSE TO, HfEONE, B
FBXH, BRHEETEROEIT T ETHD.
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200m

Fig.3.1 Driving environment (near the interchange)

Fig.3.2 Driving environment
3.1.2 HHAH

T O EHE K IS 2 AR D IEH AN O BB EIZONT, RTA A—pL
LB EE 4 BeBEIC B LTc. Z OFBREICIS T 2 B E & EEREEIC oW T
Fig.33 (o~ d. £9, QIIAROET. ROQIZAEORGEBRRE AT 7 U v Ji#fE%E
BAG T 2 BRMRA R, @ CHMATKR THRAT TV v 72 EMLEICRT 2 & THEOZE
BIEIMND. QIZTDOEEA L —F = Do TEIT 2T EEE R ) SRS 5
REETHD.

(D Normal running of the main line

(2) Lane change (start steering operation)

(3 End of lane change (end of steering operation)
(@) Normal running of the decelerating lane

Fig.3.3 Lane change




3.1 Fi TR TWD ETEREE 2 IS, 2 AD ANH TEESFAEDBITAIT O . AKFEERT
IARRD T AT MUOEE OWERE % KT A X"—A , A KT A _R—ROEE O
& A R A N—B LT 5. BIREHEOBITEZ SO RIEEHRARICONT, &
AT AHE RTA NN L HIEEREIEL 5 B L2, Figl34122 ADOARIZE D
T ERR 2T O BROEIEFEMHEORFPRNEZ R~ T. ETOARBOETE RT A /3—A D

EEACIT ). QEEHEMRIEDSL & RTAN—B BRATT U T ORFFZIED,

I AL, 2 ADANBIC X2 RS B S D, @F Dk 2 A ARIA L
ETEEEE LTV 2RO FEHIAREELIT). QFEHFEENETL, @ FTA
N=A BATT VT bFLB UEEIEZ K T 58T, F7A43—B HHoOE
BRICR D, EEREEOBITHNE T T 5. HREICIE, HERERZ 2 ATRFFIZTS
&, HHATK TRIGERBEOZ TE L 2K Db F 4R L. WilEiEob
ML, EREEEN A RT7 A N—BETFICHLNUDEATHRE, HEHRER G
DWELERFETAMEZ RTAN—AIZE->TH bW, BFlEIEOREOZ A I 7%
WdHZ L3 2. Fiz, BMEROKTOX A I 70E, HmANRHEITHBRICA
DEENLZELTZE RTIANR—ADPHW LT Z A I 7T 5. HRERLTATT
Vo TaFFOEA IV ITRERERO XA I T %FD, AME L TORBMIEIEH

PEZ2AENT T2, DREEThala=br—ara A2 iZEBE LTS,

To0m 200m

(1) Normal running of the main line with only driver A(communication start)
@ Start of driver B steering (start of cooperative driving)

@ Lane change (steering in cooperative drive, car angle restoration)

@ Lane change end (communication ended)

(5) Normal running with withdrawal of main line by driver B alone

Fig.3.4 Driving sovereign holding condition
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3.3 EBRNE

3.3.1 TR

AT, RIAN—lALIZET DR ORIV AT LEHBETLOPRETH LD,
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AT 10 AT OTTV, EER 10 RIZIB T D HREERFDO AT T U o 7 Al E O & i
BRI O AR DX A L v 7 O Z A LTz

3.3.2 KER

T ERR L 0 P LI BRI ERE O AT T U v 7R O L R A O A

DL A I 7OV Z@E L LT, ERERRORTT U vV AEENHE, @
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Fig4.1 Dynamic model of steering
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Fig.5.2 Steering angular velocity of pair 3
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Table.5.1 Steering angular velocity
Number of trials 1 2 3 4 5
Steering paira 0.126 0.116 0.148 0.166 0.269
angular velocity pairf 0.168 0.106|  0.0937|  0.0980 0.135
Number of trials 6 7 8 9 10JAVERAGE
Steering paira 0.135 0.156 0.106 0.110]  0.0804 0.141
angular velocity | pairp 0.114f  0.111 0.106|  0.0994|  0.0960 0.113
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Fig.5.3 Video camera position
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Fig.5.5 List of driving behavior patterns
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Fig.5.5 Percentage of driver A’s energy to driver B’s energy in pair 1
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Fig5.6 Percentage of driver A’s energy to driver B’s energy in pair 2
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Fig5.7 Percentage of driver A’s energy to driver B’s energy in pair 3
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Fig5.8 Percentage of driver A’s energy to driver B’s energy in pair 4
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LT Table5.2 IZRT. 7T o7 — MERDTZANRKEZTHIIREWVWZE RT A4 N—BIC
Lo TEDLFEIRIZIA L —XIITI ZENTE, vA T ADPKEZITUITKRENWIZEZ
OFITORFLEIRII A L— XTI ZENTETRMhole b WVWH Z &I D. AL—X
EIIMENHEOTITHEONCED S ETHHDT, 77 ADBRIL, ERENTEA LR
Mol bBZ BN, v AT ADEIL, PRE I L > THFEREIRPIOEMKAH D, B
MY OERFHEOZITE LN TE TR EZEZ LS.
FRIEFHMhOFRER LY, RIANRN—A AT LK), RTANRN=B(FT7A 1 3—%)& BT
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FIL, FHERBITOZA IV TOMENAONTLEEZILND. AT TV VAR
FEAEE OB, BRDFA I IRBENEZITRTAN—A L FT A /3—B OO
BLELDIHE SN TORWD, RO Z A I IRRWGEE Ll OS5 TILED~
T CHEMERIC L ABITHEORBITIZIAL—RIZITHI Z N TETNWEREEZOLND.

Table.5.2 Questionnaire results

pairl pair2 pair3 pair4
driverA driverB driverA driverB driverA driverB driverA driverB
A 2.0 4.0 3.7 3.7 2.0 3.5 5.0 3.0
B 2.0 2.0 2.5 3.5 2.3 4.3 4.0 3.7
C 0.7 2.7 0.7 -0.3 -1.0 1.7 -0.3 0.0
D -0.7 0.0 -2.3 -2.3 1.0 -1.3 -1.0 0.3
E -0.3 -1.7 -1.7 -1.7 1.0 -1.7 -2.3 0.7
F -1.7 -1.0 -3.0 -2.0 -1.7 -1.7 -0.7 0.0
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