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Fig.1.1 ACC




HEBEEHT L —FOBE
—RITEEIGEDLIBS

.,

0—0-
U= —HRICIAORREER

I~

RS N—HRAOEGHIRIHN FBROBRIEHEE O LISSIE. HICKD
RSAN—=CTU—FRIEFETI LS ICRTY

LI,

BRY DRISGERDATFEEHEVEEAH WY 5 L BMRICT L —FH'{FR

Fig.1.3 Autonomous Emergency Braking

P7VAMRT
7 AN

------‘1---’-’1---
SZ AN ES

TIAR—

e — —

Fig.1.4 Lane keep assist




JSefe it A
H1E Frim 5
Tablel.1 Automation level

SAE level | Name Narrative Definition

0 No Automation The full-time performance by the human driver of all aspects of the dynamic
driving task, even when enhanced by warning or intervention systems.

1 Driver Assistance The driving mode-specific execution by a driver assistance system of either
steering acceleration/deceleration using information about the driving
environment and with the expectation that the human driver perform all
remaining aspects of the dynamic driving task.

2 Partial Automation The driving mode-specific execution by one or more driver assistance
systems of both steering and acceleration/deceleration using information
about the driving environment and with the expectation that the human
driver perform all remaining aspects of the dynamic driving task.

3 Conditional Automation The driving mode-specific performance by an automated driving system of
all aspects of the dynamic driving task with the expectation that the human
driver will respond appropriately to a request to intervene.

4 ngh Automation The driving mode-specific performance by an automated driving system of
all aspects of the dynamic driving task, even if a human driver does not
respond appropriately to a request to intervene.

5 Full Automation The full-time performance by an automated driving system of all aspects of

the dynamic driving task under all roadway and environmental conditions
that can be managed by a human driver.
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L TEZABEMEDE WY AT K2R 556, N O FHHREICER T2 FRHEHETH
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RIS LT, JERDEENRAE 200 L T OEIRFAEDOBAT & . AR I X 2 Haierkic
HHUANMR L COEBEMHOBITEIT Y. I OEBEHEBRITORELZ BT T 55T,
A BBV FEER S AT A~DHIGE AL T 5.




S

F1E P

p=1108

1.3 KR OHERKL

KRS ORERZ LU TSR, 5 2 BECIT R A A9 & RUE U 72 B o S2BRAE [E 55 D J2iR

’

BREE L RBRTIEICHOWTIRAN S, 5 3 ETIEIERTR O T —Z ORFlhi 715 A R~
L. 4 BETERMRELERLE 5 ETIIANIIEO X & LAROFEIZ OV TR~
%

SEAVRER LR



&
N
I
by
&

o

=~

W)

2.1 EBREW

KM TEDERTIIAR D AT b, RTAN—TITONLEIETEHEOBITE 2 ADA
M COEEEZT O . BB X7 A0HH SN BB 2 #2356, HER0 34
ERFOLDIIVAT LE RTANR—D2ETH S, EEEHEOBITHIZ LB L —J7
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2.2 EFIGENE

Fig.2.1 [CEBRE R %, Fig2 2 ICEEMEX 2~ ERIEEIT 2 ADAM 2FEEFFIC
Al — D B 2 BAERTRE T2 < TldZe G720, FHEBRBRIE & L CHEBE TOERITL MO
ERFEL WD PC EORTIA L7V 2L —2—DS) &AL, T=4%—ICETHR
BaFors¥iz., ZADODANHOBEAZER LT LHLD, 200AT TV T s A
UL R THEEL, HEISETEELE o TWD. ZORT T U 7 b HkERE
ATT U TEBARICE LT V7 ZES 5. 4R E 132 A O CIEER 21T O 729
ESEM L L THFOTLE R CHIB LR X 5, EWAEEEICIER 3 500 &5%
BELZ. CADRITIANR—ZHEZONDT 7 -NAREI, T L—F G, BEIGAT
BERZWHERTHEE LTRATS.

Fig2 3 IZEBREBOMWEN L RT. HFHBREIIHLTATT Y 7, v—F, T
—%, T/ %N, E=H—%HETD. AT TV I OLIERERAE, 77 2L -
T L —F AT DD I AL ED PC EBILD. PC X KT A N—OHERIEFHRIC
HESNWTHBEDOL AT I 7 A%HE L, TOMBICESWCTEIEMBGEEZ A A VT 4 AT
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Fig.2.1 Experimental landscape
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Fig.2.2 Schematic views of the equipment
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Fig.2.3 conFig.uration diagram
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2.3 AT T Y T EEEAE

AT TV > TIEE ORI & Fig2.4 1579 EBRTE 2 AOANBBRERRLZATT Y v
T CRI—OEEZBIET D720, —O>ORAT 7V v 7 OliZE# S0l b
W AT TV U TREOEEICEARE LWL S, FA I 7L FTHESEL, EE)
DY AR LTz, 2EE AT DK E T L — L0 RIZERET 5. LUTFIC
BB DOFEM A FE T

(DBase rail @Motor
(@Bearing @Timing belt, Timing pulley
®Potentiometer ®Steering

Fig.2.4 Structure of steering device

23.1 EHEL—
MISUMI 7 VI 7 Lb—2Ah [6 U —X £EFHE 30x60mm 2 ¥ 4 mig] = #H3
5. AL 1500mm. M6 XY a2 2 L THREICE L ZEBEDONE CEET D Z &

MNTEDH, ATT VU THEEOHEIIZO L —/L EITHEE LT,

Fig.2.5 Base rail
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232 F—HF—
SAWAMURA MOTOR SS40E4 DC24V =T 2. A7 7 U 2 7IZhind A& 24k
SHHI, HWEPRICKET S, T—F—3#EREZNMTL2b02EHLT, +HL

— )V OIEIZR T, F v b ZfE2EH L CTEESNDS. % Table2.1 |2/~

-~ > 108 26.5 . 64
[ 20 9l 2 = 52 4x94.5
- — ™ od| o
: < ] g (&- i 2
= e oA
o 1@ <7 o
b g
k 4 o |
‘& Mass 1.1kg
A
Fig.2.6 Motor
Table2.1 Motor
EHTEH Continuous rating B\ Noload | migz BT e wrsn rvy | 75
BE | BF |[ERE MLY R |EdmEE| B | mEE-XUMGD) | BES | B | BR | RE
Voltage | Current | Speed Torque Current | Speed |ArmatureR|R. Inertia (tm) (Ke) (Kt) [BrushL
DC-V A rpm | N-m  (kgf-cm) A rpm Q |kgrem? (kgf-cov) | ms [ Vkrpm | N-m/A | mm
12 55 2500 0.16 (1.6) 0.55 3100 04 053 (2.1) 18 3.87 0.037
10
24 27 2500 0.16 (1.6) 0.28 3100 1.7 053 (2.1) 18 7.74 0.074 |BERT
4
100 0.6 2500 0.16 (1.6) 0.06 3100 28 053 (2.1) 18 323 0.31

2.3.3 #izT

TN —DEEEEJFIE S5 72 OIEEICIL 4 ROEWRH Y, TNnFNEXT Y 7
(ZIET. 2 B AR 2 T o0 REEhN 2K, AT TV T OMN2KHD. &
AVENLOENE O OMIEIIEIIE CRIEL 727 vy 7 2 W TERYE L 7=, FifEhz 1T 7 e >
J\Zx 77 U & E R T NSK MF148ZZ (N 08, AME old)ZfEHT 5. A
TTYV T T T ay JITIEI AT A NGRE T T IVIERMO BN DT20, 2 5
DHZHIETEDL T VT IVAT A RRT Y 27 NTN NKX 12T2Z(NEE 912, FME @21)

EHHT 5.
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Fig.2.7 Bearing

234 FAIVIT)VN, BAI VT T —

WEICENLOHIZS WA A IV TV N, XA I 7= =& LAT TV 7
FHBESY, E—H—DDHATT IV UTET 2 BEEEITY. AT TV =X
P20MXL100(H % 20), P84MXLI100(Hi%$k 84) Dt 4.2 % 2 BXME AV BuH L 17.64 T

BRI ED. A4 I 7~ OB E Fig2.8 & Table.2.2 (TR

t o S
S C7aN

Fig.2.8 Timing belt

Table2.2 Standard of Timing belt

Belt width Material P[mm] | Ra[mm] | Lr{fmm] | Himm] | h{mm] | I[mm]
60 Gum 3 1.95 1.95 1.94 1.14 0.8
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235 KTy g v A—H—
AT TV T O ETAOICRT vy a v A—=F—Z2 0T 5. Fig2.8

T DR T v g v A—H2—%, Table2.3 1% DftAEZ R~

Fig.2.9 Potentiometer

Table2.3 Standard of Potentiometer

o : . independent
effective electrical travel | resistance ) . normal rated power
linearity

3600° 0.1k~100kQ +5% £0.25% 2W
Optical resolution mechanical radian rotating torque mass
0.007%~0.060% 3600° max2.5mN * m 22g

—HERFERER L RER
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236 ATT VT

Fig2.10 \ZAT 7V > 7 ORI %, Fig2.11 & b7 JIEMEOFEMX 2 ~d. A
TT VT O TFEHOEHMZITE D hENRONTEY, OFTATF—VER0HIT 52 LT,
K RIAN—DEF - EFO M ZMETD. 7V v 7TE I OIC#s @ - TR Y
EFT Ao TWND. £, HFUIARBMMEEENTEY, TEHOEHMIZHL

I TRREIC > TWD . 70 v 7D 1 KOBT IO N AR A 5728, 87

EDOHBD T2 Y W4 Z LR TED.

Fig.2.10 Overall view of steering

Fig.2.11 Mechanism of steering
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2.4 EITRE
2.4.1 FRERDL

FERRZ L~V 3 BEREERHIT T AT A0 5 ANMA~HEEE EHEOBITHMTHOI D DI
—EFRFOETRE TR TH L. BUEL L2, & LLL~UL 3 THE
STV OETREISEER TH L. EEMR DR, HWEDOIMBEE DR AV 73 <
— EMEE CHEITATRE, E 7o HAROIENA < B A FHENRR LT WD TH 5.
DEITERE T AN DR A E UEITREZ S, FERaiTo7z.

EEE EOEITE —ERMELE L, VAT A, AEO RT A —EE A
FETZEE2ERD. RIA LT VR 2 Lb—F—CHET 2 ETREIL S BE K A
Y H =T = VRO EEE R D BB T 5 72 8 D ARKRDN D HORE B~ D BARA T
HDH A LT ETERES Fig2. 12 1277, 1 BRROE T 3. 5m, BURRZE X #1E 300m,
IR EATHERIL 100m & T 5. F7z, RERCTITERETICHER T DM LR

ALV HD LTS,

3.5m

50T 300m

Fig.2.12 Driving environment (near the interchange)
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242 ERER

T O EHE K IS 2 AR D IEH RSO HBEEIZONWT, RT A A—=pL
HEREEA 4 BRI LT, S OFBREIC BT D L E & EEREMEIC DWW T
Fig2.13 (127, F£7, OIABROETT. ROQIXEEORGHEMRN ERAT TV 7 #h
EZBRAT D HEMAT. @ THEMEEKR THRAT T Y V7 & EMEICRT Z L THO
BEEIND. DIZFDOEEA U Z—F = DIZmh > CEITE LT EE 5 © B
THRETH .

1) €1} /_

(D Normal running of the main line

(@ Lane change (start steering operation)

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

Fig.2.13 Lane change
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2, 244 HiTIHRARTWDLETERELZ I, ZADOANMCERIHEOBITAZITY . A
FERTIEIARD VAT DMUDERNOWERE A T4 N—A , AMD KT A N~k
BOWERE A BT A N—B LIHT 5. HIRTEHEOBIT 25 0 I Bl AR 2D T,
VAT LE RTAN=NE DEEENES S BRI LT, Fig2.14 (JEER EHEOREF
Wiz rmd. FTOEAROEITE RTA /N—A OHOEITITH . @ CHEEHEMRSIT
SE, RIAN=B BRATT V7 ORFEZIED, BRI AL, 2 ADOAMIZE D
FEIEBRAE S N D . ZDHRETZAD NP ILITEIREREE LTV D HREED £ £ #ifi
EHREMEZIT). HHREENE T LIZ@T, RIAN—A BATT IV IhbFEiL
EIREEA K T T 5F T, ®D N7 A "—B BROEIRICRE Y, HEREHOBITNE T
T4, PERFICIE, ERAEEEZ AN CHRFFIT D 2 &, BA K TH%ICERREOZ
JIEL 2D b HaER Uiz, REEIOBRMG - T DX A I 713gRE R LT
Al a=f—varkEtbIETHRE L. Fig214 ([OEEEHEORERIRILZ 7T

3.5m

+60m™ I 300m

(DNormal running of the main line with only driverA(communication start)
(2)Start of driver B steering (start of cooperative drive)

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

(4)Lane change end (communication ended)

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

Fig.2.14 Driving sovereign holding condition
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FEBREAT 5 ERE BT, ERFIEC SV CHBIT 5. WREIE 20 B, 9
@ [Pairl] (K7 A/3—Al+ RZ7A4/3—B1) /»5 [Pair9] (K7 A/3—A9« 7 A /—
BY) Ik LiTo7-. BBRHEIIIET FIAEL /oI al—F—TlBREET 1 AT
TS . ZO% 2 N TR BIRGE A~ FHE T 51 5 EEEEIC >V T
ATV, ERICERERET . RS LR ERIT AT 1 FE 1AL LS
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3.1 AFET WV
REROWHMELRZ IS 21248720, EREENOHONLFEUNT—2. ERIL
OEBFMZ VD, EBREENSIIATT VI 0B ELNDIWHRENAII L L
JIN-m]l, A77 VU THENICRELTEART v a v A—F—nbATT Y 7
fefal 120ET D [ RIAN—A AT TV T2 HE272 MV IE]L T RT A 3—B A3
AT TV T HEZ T VI, TATT ) 7O O3 203G 6h, T
0. 01OV TV T HALATERT S, EFBFHIILT 7 — FE W, 1To72
ThRIERAI K 2 B S B 2 R B S CRIAE 24T © . AT AT 7 U 7 &2 lo T
RMLiE A 0 & U CReEHEI Y Fima1ElS, KREHE Y Fmazfa s 35, £, FRIFRH
I AR A B AR L 7o R A PSR (0s) & 5. BEALLTICRT .
t: FEBRREH
Ty P RTAN—ABRTT YV TIHEZD vy
75 ¢ RTANRN—B BRATT VU TIZHx25 MY
O, : Bt
-1 2A80E, k-1 S 88, dUE1 2R PEEREL, o INTZ BB L LT, J)%#E 7 v % Fig.3.1
(Z, EEBFREAE L TIORT.
16, + d0, + k6, + 1 = 14 + 15 (3.1
F7o, KB DDOELE TR, 12N, a& IO EEZ R TEAMREE L, T2
o by OFFENELIFITRT,
T4 = o«T(t) + Tine (3.2)

T =1 —)T®) — Tine (3.3)
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ZOXTIFEMREDOEIZ L > TN ERDENRHKD. #RE DZ N E i Rz A
TT VT EH o TWBES, WHREAL ML BODRNWTO KT A 8—DOENEN
Bl 72 b. FREIFONCAT TV o 728> T AL, NOEREET, A7 7T

VDU TIWCATI LI VIR ETAT T VT EI b2 H 7 5.

Fig3.1 Dynamic model of steering
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3.2 EIR IR WA

R TR TIIEER D FAEN — 7 O AR B A7 O NFICEAT T 2 EEIC DWW TR
L7z, RS, FE OIEIETFENZ TE I N DROREL TR D720, 2 MO x/L
F—OWAIUER L, EEREE DT 2 FEERE LD 2 Ao AR FEFHZ—2
DAT TV T2 BAET 2820, & Hma s Z & THETOZ XL F—DR D
) OREER & WO FNTE D720 AR TR ZOREFIELFE T EO O LS &
LTHWS., EBRIEEN LB ONTBIEANLAEREEZ, £ KT X—BRATT V7
(25 272(3.2), B3)NTRAN M B EZEHT L. AERE L HENOS FT A
W= RTANR—DZRVFX —DEZERLIFERIKD. L, ZOFMEFELE
HHD RT A N=PEEITEREREZ T > TW O NTREE TERW D, 2RO
TlIE34 8Tk~ %. HEHEALX (3.4), (3.5, (3.6) IT=T.

T @ WhFHEER 21T > 7 RF R

AT : HIERFFRHIFRE(0.1s)

T RTANR—A BATT V725 vy
Tg 0 RITAN—B BATT VU TIZHEZHFE vy

w = ERREA I

1 rt

T4 = 37 Jr_ar Ta (O)dt (3.4)
T5 = a7 Jo_ar s ()t (3.5)
86 = 5 (B, = B,a) (3.6)

RTAN=A DB KT A N—B ~DOEIEFHEDOBATIR, M#H DRI R /L F—D52 1T
LT, ZOZRNVF—0DZIFELIZOWNT 3 DOIRBEIZHTET 5L %
A, EREVEBOLNT —XITHEIET 52 LT, BMEREHEOBT 2R IZO0T=
ANF—RZOBRINOEBREZIT) . KFRTAN—DPRESELZRXNF—IBKATT
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Fig.3.1 The driver's sovereign state
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Tz Iord.

Ja= T4 X 6 (3.7)
Jp= 15 X 6 (3.8)
Wy =[] Jat dt (3.9)
Wy =, Jpt dt (3.10)

Tz, WERE O, EBREICHRAEZITHORMIMEETHY —ETIEHRWY. 2000
FHEARH I A SN TAEF A2 HIRERICE LM 2B 5 F LY, FHRetEg
J'ar I'paRkOD5. Tz nTr=T.

J'a=Wy/T (3.11)
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J's = Wg/T (3.12)

3.4 EBFHmIC & 5 EREHE
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TT IV TEAEOAN L 725 TWAMNE, AT 5 M7 Z2fiflid 26T, BERIL7ZA
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Y1 (Ai—pa)(Ci—pc) (313)

Pa =
JE¥ i [SYCimpor?

IV (Bi—up) (Ci—uo) (3.14)

Pa=
[EY@imu)2 [2Y(Cimpor?

WHiHEIEFII AT T Y 7B L TCHTFORT T U U ZTEEZZE# L, Zhiucxt LT
AT TV TEAEEAT S 72, RAROFBZ B FHli 32 0 Tid7z < SIS 8
HEFLEZOND. O, SR, AT 7V v TEEZ XYY Z O X HOFH %
¥Rl EITHERD S EDOBEER~OHMEE L2 ZT TV > 7 fEE OB TR,
THD. ETEREFE LMD HI-OICAT T ) ZTBIERBL, AT 7V v 7 & E~Y)
D 45D 5 =D AREITHL 250, LHFA~DAT TV TEIEE KRR 5720 KT AN
—IAT TV T EEE R, AR TR A 0 BRI T T Q. RICHRA A
MLbbEDTD, AHM~EBIELRET 0. BERICERETLK T T L7201,
HRAELZEST 2@, HREERORTT U U T AEL2 Z 0O 4 BRI, 2 OXH
HOEHERE DN SV o & AT T U 7 AIEEOFEE AR Y k3 5. Fig.3.3 (IZFH
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Anglev[rad/s]
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| @ @ @
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| | | 1 |
“ 5 ) )

Time[s]

(D Start lane change (start turning the steering to the left)

(2 Maximum vehicle body angle by lane change (steering turning to the left end)
@ Operation to restore body angle (start steering to the right)

@ Body angle adjustment

Fig.3.3 Division of cooperative driving
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al —DriverA6—-torque|.
—DriverB6-torque
d Only driverA Only driverB
: lm
=
o1 ‘ b ‘ W ﬂ ‘ (W | _
=)
S- '
Cooperative drive
Time[s]
Fig.4.1 Example of Torque
Example -
. Both drivers supply energy
DriverB6 supply energy '
DriverA6 supply energy
2 —DriverB6-torque
—DriverA6-torque
‘€ g
Zz o
O o ="
s =
2 <

48

Tir:le[s]

Fig.4.2 Example of during cooporative driving
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4.1.1 TR —HHIRBR EE &

WAL R OFREFEIS 25k eD 5. T 2 LS, WhilEis 21T - 72Kl & 100% & LT,
RTAN—A =3V F—fikiE) & [ RT A =B = F—feiRRe), [l K7 A
W=z )L X —fEIREE) TN ENORHTIGZFH AR LI b D% Figd3 [RT. £
Tabled.1 ([ZZNZ N O OEFRIRRED R EIS O %, Figd.4 IZENENOMOIEES
REE DR FIG D1 LR 225 77T,

N7 TEIZEBR LTHD L Pairl 3,6 1 [ K7 A S —fEASIREE) ORERFEIEIE 232 <
FAL TCWDIREENZ WFERN =, LavL, Pair2 48,01 512 [ RTF A4 /3—B = R/LF
—HEEEIREE ) ORFFEIGAFITICE o TUIKREL 220, BIRRETH 20 EZRLF
—RZOBLEATIIRIAN—BIZHLMbH L. o, Z<OFRITT Il R T A ~—flk
FakeE ) OBIGNELL 2D LW IR, AFITEWIZHMR L TEWOALR &R 5H 72
WEI AT TV TEAEZT S TWDH Z Enbind. A7 7V o THEICE Lo 50
ZOEEEMICHNONTEY, KRR 26D LER RN, SR EREEZIT S

RIS 72D, Ko TEBOVAT AND KT A N—~HIEEHEOBITEITIBED

ZOREENT VAT AT D LT, BERNDAL—RINEEETHEDOBI TR ATHE L 72

LEEZOLND.

The driver's sovereign state Both driver energy supply state

time ratio of pairl m Driver B energy supply state

m Driver A energy supply state

100%
80%
60%

40%
0
i1 2 3 4 S5 6 7 8 9 10

Fig.4.3a The driver's sovereign state time ratio of pairl
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X . = Both driver energy supply state
The driver's sovereign state

. . . ® Dri
time ratio of pair2 Driver B energy supply state

® Driver A energy supply state

100%
80%
60%
40%
20%
1 2 3 4 5 6 7 8 9 10

0

xX

Fig.4.3b The driver's sovereign state time ratio of pair2

. . = Both driver energy supply state
The driver's sovereign state

. . . ® Driver B energy supply state
time ratio of pair3 8y Suppy

® Driver A energy supply state
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Fig.4.3c The driver's sovereign state time ratio of pair3

. . = Both driver energy supply state
The driver's sovereign state
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time ratio of pair4 Driver B energy supply state
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Fig.4.3d The driver's sovereign state time ratio of pair4
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o ) m Both driver energy supply state
The driver's sovereign state

. . . m Driver B energy supply state
time ratio of pair5 By SRR

M Driver A energy supply state
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1 2 3 - 5 6 7 8 9 10

Fig.4.3e The driver's sovereign state time ratio of pair5

) . . m Both driver energy supply state
The driver's sovereign state

. . < ™ Dri
time ratio of pair6 Driver B energy supply state

m Driver A energy supply state
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Fig.4.3f The driver's sovereign state time ratio of pair6
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o ) W Both driver energy supply state
The driver's sovereign state

: . ; m Driver B ly stat
time ratio of pair7 FENBSNEEY SUppYSaie

m Driver A energy supply state
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Fig.4.3g The driver's sovereign state time ratio of pair7
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o ) m Both driver energy supply state
The driver's sovereign state

. . . m Driver B energy supply state
time ratio of pair8 By SRR

M Driver A energy supply state
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1 2 3 - 5 6 7 8 9 10

0%
Fig.4.3h The driver's sovereign state time ratio of pair8
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The driver's sovereign state

. . . ¥ Driver B ly stat
time ratio of pair9 TIver B energy supply state

® Driver A energy supply state
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Fig.4.31 The driver's sovereign state time ratio of pair9
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Table4.1 Average of the driver's sovereign state time ratio

Driver A Driver B Both driver
energy supply |energy supply [energy supply
Pair1 0.17 0.19 0.64
pair2 0.10 0.38 0.52
Pair3 0.17 0.16 0.67
Pair4 0.19 0.22 0.59
Paird 0.28 0.46 0.26
Pair6 0.17 0.22 0.61
Pair7 0.17 0.25 0.58
Pair8 0.16 0.28 0.57
Pair9 0.25 0.24 0.51
Average 0.19 0.27 0.55
0.40
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0.30

o
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Time ratio[]
o o
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[6,] o

o
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0.0

93]
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Fig.4.4a Average and standard deviation of driverA energy supply state time ratio
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Fig.4.4b Average and standard deviation of driverB energy supply state time ratio
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Fig.4.4c Average and standard deviation of both driver energy supply state time ratio
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4.1.2 EiRRY) » B2 EEK

ANHE oW FEEE T, EERREIT IS E TRV BEDb Y NELBETS. 2o
RIEOYI Y EDVIZHNDOART T U > TEAENRFE L TORMKREE, [FI7 I LT
BET DIRIEZRV IR L TWD Z LR D. 2080 b v B D 720 E &I B i
TEORZEMITET EEZ 2O, UV BRDYEEDBZWIZE, Hall L TSIk 70 <
HWIRFELHH Z LT, HWMBENRLEL D EZEXDBND. Figd5 b Tabled.2
(23T Z & OIEERRRE DY) 0 B X [RlEk 2Rk 3. Z OERIREED Y)Y B 2 [FIEE % < o
TRAMEMA LS5, AME I K 2 BiERIE I LV ZET L ERbNL. o
DBEALTREBTOWMEE A AW CERIEFHEOBITEZIT O 2 LIC K Y ElfLE DL
ELEHDFENTEDLLEBEZ LD,

Table4.2 The number of times of switching driver's sovereign states

AiTE#H| 1]2] 3] 4] 5| 6| 7/8|9|10
Pair1 6] 8] 6] 4] 4] 6| 6|8/ 7 7
pair2 6] 71 5[ 5| 6[ 3] 7{3[6] 3
Pair3 101 7] 17} 10] 7] 5| 11| 8] 6{ 13
Pair4 16 7] 13| 5| 15] 14[ 11| 6] 6 5
Pairb 71 7] 7] 8| 8 8] 8[5 8] 8
Pair6 81 7] 4 7] 9 6] 7| 4|4 7
Pair7 101 9] 5| 7] 7| 8| 6[4] 5[ 5
Pair8 71 8] 6] 5| 4] 7] 7[9]| 4] 2
Pair9 6] 9] 5[ 8] 8[ 7| 6] 6[5 8
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Fig.4.5 The number of times of switching driver's sovereign states
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Fig.4.6a Change in work rate of Pairl
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Fig.4.6b Change in work rate of Pair2
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Fig.4.6¢c Change in work rate of Pair3
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Fig.4.6d Change in work rate of Pair4
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Fig.4.6e Change in work rate of Pair5
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Fig.4.6f Change in work rate of Pair6
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Fig.4.6g Change in work rate of Pair7
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Fig.4.61 Change in work rate of Pair9

Both drivers supply energy

DriverB6 supply energy

DriverA6 supply energy
—DriverB6-torque
——DriverA6-torque
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Time [;]

Fig.4.7a Torque and Angular Velocity Graph of pair8 at 1st

‘Anglev[rad/s]
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Both drivers supply energy
DriverB6 supply energy
DriverA6 supply energy
——DriverB6-torque
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Fig.4.7a Torque and Angular Velocity Graph of pair8 at 10th
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B, ZNENOERBKITTTT 5HIG % Tabled.3 [T 7. A7 7 U v FEAERRIA A
ThHHO. QDR TITFRANFHENZ S HTWB2d, AT 7 U > 7 HIEO B R
FER ARl T 5 9 X CHEL L WA S, FLMWEBENRHCT VWO, ODXRETH -
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AN=KD FTAN=BILZFTAN—A LHEARQDKMITRANHENE TS, &
2T LM, RTAN—THRIELZBEHT HXENERDLLENAD.

BREICHE LR > TWDH VAT ALEIEHZZ TS N7 A /N—H S0 84
BRELOLIER L D), TOEREZERT L. FIAN—APREEN, FI7A4 /=B
TEENRY &Il L7255 & Tabled.4 |2, FT7A/N—A BEEIRY, 74 3—B B FEK
&I L7236 % Tabled.5 12”9, REBRD KT A N—BIXFERZ LW L7255,
3.5 DD, @DOXEOMEANKE D, 3L TR &l L 7= 5E 3B
(Ko TS, ZORRND, FIANN—BHOEWEZM 5 FEFmIE, X777V

YU EEE EDONRRT LN ERE LTETONS.

Table4.3a Correlation coefficient ratio of driverA

driverA XEQD [EEQ [EEG [EE@

data%q 90 90 90 90
1IF D FEES 47 37 55 20
2 NHEES 3 19 6 45
Nl E S 0.52 0.41 0.61 0.22
S1EZE 0.03 0.21 0.07 0.50

Table4.3b Correlation coefficient ratio of driverB

driverB EEQD RO [XEQ |XE@

data%q 90 90 90 90
1IE D +ERS 39 33 68 9
£ NHEE 17 20 3 47
N RS 0.43 0.37 0.76 0.10
=Rl RS 0.19 0.22 0.03 0.52

=K K B

T3 bk 22 B
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Table.4.4 Correlation coefficient of dirverB is following

driverB XEQD REQ [XEQ |XE@

data#{ 17 17 17 17
1IFE DFEES 9 6 11 3
S D1EE] 0 5 1 7
IEfEREEI& 0.53 0.35 0.65 0.18
SHEZE 000 029/ 0.06/ 041

Table.4.5 Correlation coefficient of driverB is leading

driverB XED |REQ [EEG [XE@

data%f 23 23 23 23
1IE D FEEY 15 6 19 2
S nEE 0 8 0 10
IFEAHREEI & 0.65 0.26 0.83 0.09
S8MHEEE 000/ 035 000/ 043

—HERFERFR LFEO5ER
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HY, TNUMIEL LN FR TR TEN L2, 9~ HNRATT U 7R
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B ORIENRSH L, BHELRIRBOI KA, 277V o ZHEICE LI FR&IT
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A= R EEETFHEOBATN TE D L T otn b 02 D, H iz, HEEERED b EEE T HE 2 )
Wi 272, BEERE A B & OER A TEA S L < IIEERTh o 72 h e 2 FEEHE &
TS OBPERE D AT TV AN b E 2T T ) v T ERE) bV OFEIRE A
R, FERND, BHREERICAT TV VT EERIAT O & B8 LM RN S
VY, EEROEEEEOBIT TIE R T A4 N — O EZHWT L, D BT A =3 4F
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