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Abstract

Recently various driving support systems have been developed to improve safety and reduce
driver’s stress. For example, ACC (Adaptive Cruise Control), LKA (Lane Keeping
Assist), IPA (Intelligent Parking Assist) have been developed and these are put to practical use.
In the future, these technologies will be expected to develop further with the maintenance of the
ITS technology, the information network and the enhancements of the infrastructure.

These driving support systems consist of the three factors, “‘Human factor, vehicle dynamics,
and recognition of environment.” A human factor is generally thought to be "The Weakest
Link" among these factors. To build the human factor into the system, a lot of problems remain.
But, it is necessary to design systems based on information that human driver perceives and
gives better feeling of confidence.

The purpose of the paper is the realization of the vehicle control system with high
compatibility with human. In order to clarify the information the human driver uses, we focused
on optical sensation. In generally, it is said that human perceives self-movement using optical
flow and FOE (Focus of Expansion). From these previous knowledge, we pose working
hypothesis “an expert driver uses optical flow that reflects vehicle movement and eye
movement”, and constructed a driver model focused on optical flow and FOE (Focus of
Expansion) candidate points. In this paper, numerical simulation was done to analyze the
characteristic of optical flow and FOE candidate points, and the relation between vehicle motion
and optical sensation of the driver was discussed. Considering the results of numerical
simulation, we compare the optical flow model with the driver models proposed in the past, and
examined the possibility to apply the optical flow model to a vehicle control system.

And after that, we proposed a nonlinear controller to apply the optical flow model to path
tracking control. When applying the proposed nonlinear controller to a vehicle control system, it
is necessary to analyze the convergence performance from the aspect of physics. After the
convergence performance was revealed analytically, we implemented the nonlinear controller to
a vehicle control system, and in-vehicle researches were performed. Then, the experimental

results were also presented.
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Fig.1.1:Overview of Driving Support Systems
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ITONTWLHT, RRHEETHDLDONPERBROBRTH A 9. EATHIZRBIEIC A D HI
DIEFRHRIE OIRTE D 7 = — X TR SN D T2 OISR OREBZ L L T D LA 5 2
EMHBED. REITIE, ZoX ) s R L RSN ZER 2T 5 Z L A2
Wz, FEEEBRA @ Lo E1T ).

Environment Organism

Perception>xp|et0ry Aspect
Point-of-gaze

selection

The driving strategy
decided

Environmental ﬂ

Information PerformathAspect

Vehicle operation

!

< Y Vehicle behavior

Fig.2.1:Working Hypothesis



2.2.1 FIAEVTEERRA

SRR D 185 A OGRS BRI, HEY7 2 FEEOIRBERC S\ Tl
5. N5 A ASORER GBI, OB % 2RI L S 5
DEIRERES) (3> 0 — 1), QBT 5 5562 M ORI IRE 5 1= D DI RerE
BEKER) (R Lh— A/ a— R FAY2—R) 5550, KT A SEEEd, o 5—
RSy o b EEENCE D, SR AT TG, oyl — Rl /Sy a—
MCisi R TRl T

O fEEEIRERESR) (> 71— K : Saccade)
VERINLE 20510, HEA7Ta), o7 2 2 DB(CA U 2 2ud7e H OE) X . Saccade
DI rEnd B I XIRIE 2 L 0 24k L, bdeg Tl 250deg/s, 20deg TiX 650deg/s & 72 5.
FIEONLEFRICFE SV CTAE, TEREIS 200ms FREE. 72, BHEEITHCNT L PRI
S5RIFEEE. F£7-, 2 DOMEFAENEZ R RIND L, &HID Saccade 1% 2 DDFEED
HIEINIE 28] . Saccade (21X Saccade Suppress & BEEAL 2 FHSAD 72 (KT
BIGZHY, ZHUZE Y Saccade MG ITINHI S 41, FE IH7R0.

@ 1EEMPEIRERGES) (X3 = — b : Smooth Pursuit Movement)

BT DA B A M L AR RS 5 2 O OREEMEOIRERES). Pursuit (215
IBfRIT 30deg/s £ TARIEETH 575, FREOEE BV ONRWEEITLITLIE
Saccade TN 5. 7z, EEMEEEOHEEHRIC L - TAR, EFFE 100~150ms
FREE. F72, &7 LHHOEICHERAR BN D LE T2 <, 4deg~15deg
f@7z o7z 2 FRIEO A AR DFIEICR L CHIEEZ 5. 7 L EORREIC DR R
IRIEE D BENTE SN D000, £ O OBARRY 2 8) X (B HES 5 yEE P EIR BREE)
DEND., ZDOEIHT, ©-o< Y EBEIL TV D LER S H 8%t LTt
AREREEN AR SN D.



BB @Dy T am—2 a3 o TOFlE LT, REALGEHER Ty v h— R/
Ny a—=FREDI TSN TSN HONT Fig.2.2. (IRY. oy B—RT
DOREERIZRIREKER) 2 S, /XY 2— M TO##Z P & LTN5. Fig 2.2 1R T LI
BRI AR OBENL Y » I — NC, G2 B4 28BN Y 2 — F TfTH
nNTEY, ZLOVFax— g TCINLMEENRIRMER ZFH ML THd 2 &n
BfFCE 5.

< |Intersection >

The glance is moved to the signal / signboard : S
The signal / signboard is seen while running: P

The glance is moved to the proceeding vehicle : S
The proceeding vehicle is seen while running: P

< Expressway >

The glance is moved somewhere on the road : S
Aline center (middle point of two indices) is seen : P

Fig.2.2: Examples of Eye Movement While Driving a Car
ARFEBRTIE, =F A= « RIADPETTA E2RELLS P L— AT 38R LT

L&, INOMEEEEAZEOLIICFHAL TWBEDD, By o— M X BBHIT
BN A YT, HEEE) & ST 21T D .
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2.2.2 REBOBEM

THRAN=| o RIANE—R T A NE NS T EBDED 2 FHOT —Z 25347 L,
BCRADS 7o iR RIS 2 LV BRI T2 2 2 AR L3ERETT D

2.2.3 EEBRShE

LEZLDA T H—L R aty FaR 20 0~40 ROBEF RN 12 4 % %15
LTz, 966 41E, FRlZEEI A 2T, BEFHMEICRERFL T D =F A= ] -
RIZANRTHY, 550 6 [T EERLTTZIA L TWDR, EIEE kY THhD ik
BIA L L.

2.2.4 ERERE

EBRIIT YDA TDHT AR a—R M v ra—AxHELERKL
(Fig.2.3). 734 1 o— A IFEMEEE 50R D EM-FER-EAROE a3 —F—L Lz,
EFIREEZED T WK D ITHEENC A D ATOEREZ 100m FREEMER L TR0, Hljzs
B ZERSETCOLEARBRAEEM XD LIORE L. £/2, a—F—DAN,
HOITERIEEZ RET A — R LTSI B % m B TEWE., FEEO—
G/ B E R ORE LV ERIEE IRDICERET D2 LT, 74 VD ICEE R

HEOEBRN L VA D EE T
Exit Gate

4--------- »>
Straight Line Area A

100[m]

Cornering
Area

R=50[m]

Clipping
Point

I
I
I
|
I
I
I
I
I
I
I
!
|
v

Start Gate
Entrance Gate

Fig.2.3:Overview of Experimental Course
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FBRSINEIL, ETT7 A2 FL—RAT 5700 EE LT, TU AT ¥
FOETIA LV EER L CGRIET DL OF R L. £, HEAZERLEE, A —%
ZHEMRLTLED Z & ZRET 5726 40km/h~50km/h % FAZEEL & L CHUoR LT
NEJES 2 RET B T2 DT A FEITIZOW IS ER/NRE L.

2.2.5 FIANFIEREIVERESHBHT AT L

IREKEB OFHANZIZ T v 7 A A= T 7 7 v VROEFESGHIZEE EBMR-9 % H
W (Fig.2.4), A7 T L-BRENER) T — 4 &L AW CHEEED EHMAE 2R
M L7-. £72, VRS-GNSS (Virtual Reference Station GNSS) % Hifih EIZH{#% 2 DHL
VAR (Fig. 2.5), HWmONLE & AEOFHAZTT 572, VRS-GNSS IZ U 7L & A A% x
~ 7 4 v 7 RINCFR Y O ENF A R >~ BT — 7 R CEES L, mREE RN T 5
VAT AT, =T U ANA THRERBENBHRGA, ERBEIXE2.5cm, fER
JEIXE0.1 deg BREETREHNAIT 5 Z L WATRETH 5.

Fig.2.4:Gaze Direction Measurement System

} Rear

Fig.2.5:Veheicle Motion Measurement System
12



2.2.6 EWFEBEFAE

a—F U TR WT, HEOERLHIATLIERELTULCC XA T 7T A
0, BRI OLEF /2 PREAIRE SN TWD., LML, T b~ v-T 7 hOETT
A v ERIRUIZGE (Fig. 2.6), BENSROIREICH S DX, =2 —F— 0NN Rk
T D7V v R A2 LT CP) EDALERBRTHL. CPICLVELTSHZ
EMTEIL, EEPEREZ RIS LD ENTE, RELT, RELIWHEHETED
RIS JE /N FE D RAE A 2 DAL D & o - B, - 3 0 Lo mHRlE 2> & %)
) - RFH I EER 2 KB CTX 5 (Fig. 2.6).

ZOL O REHEMNG, HEET RZAAREE#KTHTHA D CP ETOME, CP
MO OMRZE, a—F—MAETOMEL, @EEMMT—% L EFTHD VRS-GNSS
T—H XORM L, EEAGHAT — & 2 R E S8 CHT T 5.

It comes off outside

at the corner exit ®
e ——

It approaches mostinside
with the clipping point

It approaches fromthe outside
at the corner entrance

Fig.2.6:0Over View of Strategy for Trajectory Control

13



2.2.71T FSANEREBTAE

R A ROMENRRREEIO 5> 6, v h— FOREEEITERIC XLV ZkL,
5deg T 250deg/s, 20deg T 650deg/s FRETH Y, ElAAHMBE N AIEETHD. /3
va— MZX BEMIE 30deg/s ETHHRETH 5703, TN 2 X FFIEOH) X (ZIBWV D)
RWEAFLIELIEY v h— R THibND. S 2 — MIKT L AMERRETE B
B xR T, Hdeg BRIz TR O BEIZK L THREZ 5.

RI A8 CPRoa—F—HN&E EORENY 2 — N TERL TV E T 5
7o, WERMAEL CP ETOMERE, FHAKLE a2 —F—HAOETOAERELH
95 Fig.2.7). R¥a— MIETLBHATEOHEICOWTIE, BHEATREZ 30
deg/s LAN, F7z, PR BN LD TRBE L7256 CHRET L2720, AER
721 bdeg AN & LTz,

o CP/Exit )
CFl,lppln/g Angle VZ':(IIZIe
oint
Exit Gate b \/ o«
@ , y
% l .
\ ‘. o’
\
- '\ Il . ‘ Gaze
Difference X " | Angle
between
gaze angle and
target angle

Fig.2.7:0Over View of Angular Difference
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2.2.8 ErAIEER

TXRAN—hK « RTANRN/ R RTANRNENEN 1 LOT—F%&FE L TRT. =
—F— AOOKRA » MPRRFHEOR A 2D LI, a—F—HOICELETEY)
DL CTHERLEZ, Zob &, HlA CPICHELT XA I a2 TRLE. &
DR R 2B L T NERAIZEME LS WL D, FHLTIEHRAE L, P F
TOME, a—F—HOFETOMEELEDOE TR L (Fig. 2.8, Fig.2.10). F£7=,
RIANOEREOBEHEELZERE L, BRAELY—F v (P BXOa—F—
HA) LomERAEZR L (Fig 2.9, Fig.2.11). RBEIHITRLEZ/$S 2— RC
W 2 IBHATEN A E T 5 7o O D SAF i 7o T IR A i TR LT d.

—& BT A NOIERRIE, HOIERME (=25 deg BRE) (A .OICHEBR T 5
n77ANTHo7=(Fig.2.8). FA % NL—RATHEFIDL, X—7F v hET5H
CP La—F—HAfHEZ RTINS D0, RWEHEHBHRT 5 Z SI1TETEITLT
V- (Fig. 2.8) .

THX A= « RT A NOER AT CP &8s 3 2 B Ai A D YRS I AR A B 13K
AL, CP EEEZICHEM, E-HOcmF LT 7e 77y L Tholz.
N CCPEBIPa—F—HOZEBHRLTWDLZ EERLTWVD (Fig 2.10).

Fio, FTAVENL—RATHEICH—F > heled P Roa—F—HO~OWMRD
BENEE G ILRESN T, ¥—F v b OAEREN/ NS VETHB T 72 L
(Fig.2.11), N a— MI XV # =5y N & BT HIREGEE 3534 L TV DH5ED
B 72 B & A% LT,

BFERICEBNT, HEE ANV 2 — FORREZSTT 5720, a—F—AOnbHA
FTHRIT ARFRNCXT L, /Ny = — MIH¥ET HIREKEFH 217 > TV D R OIS 2 H
L, THFRANR—=hK+« RTANO4) KT A 36 4) DT —HIZ Mann-Whitney f&
ExEIToT-. Fik% Fig. 2. 12 \RT. ZORRLY, =% A=k « RTA4F—
ERFZANRED AN 2= FEHBEZZL AT TNDZENMRTE T (FEMRE
p<0.01). F7z, TD&ED CP ~DOUHEEBEIZ L TH RO IE 2 2T 7o/ 1]
(Fig.2.13), =F A/N— K « RIARNDOFN CPIZHL LT A4V CEITL VWD
LRG3 Do To (B EAEER p<0. 01) .

oMb, ZXRAN—hK e RIAL NIRRT ANCHASKHREZEBHT DS L) 7
IBEMEIRERGEEN 2 2 < 1To TRV, iz, [T CPIZX ViTEET 5 X 5 22217
BUET, EIELTWAZ ENShotz.
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. :
50 ., H I B Clipping Point Angle
.—— -“~\ '0,‘{;; --------- Out Point Ang|e
40 ‘\\ I Gaze Angle
i

o

Angle [deg]
RN N w
o

o O

Time [sec]

Fig.2.8:Result of Ordinary Driver: Gaze Angle / Target Point Angle

‘l i Smooth Pursuit Range
201 : ----- Clipping Point-Gaze Angle
\r\) A Out Point-Gaze Angle
D [ VW
(O] 2 1 \ £
S 10T (¥ ': . )
() b \: \| = "
o)) A N n Is g
1 n I 1
C O I YA 1 1
< BEAVRVET I
1y Yy v
= 1 ] ‘ V 1 : =
~N 1 i %
B \ Vi B B 1}

N
o
o

2 4 6 8 10 12 14
Time [sec]
Fig.2.9 :Result of Ordinary Driver: Difference between Gaze Angle and Target Point Angle

o
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----- Clipping Point Angle

--------- Out Point Angle
.6.) Gaze Angle
0}
=, S
Q
O) *
C '0
<C
4 6 8 10 12
Time [sec]
Fig.2.10: Result of Expert Driver: Gaze Angle / Target Point Angle
‘\ : Smooth Pursuit Range
o) 20F '| A :; ----- Clipping Point-Gaze Angle
() L) [ \ ] Out Point-Gaze Angle
Aol N i
o 10 wi N 1
I
8’ i N : ,‘\c\‘ e
< N s R
of 1A .' : l'\..,..m\ 1 &
1, 1 v
3 1 l|| 1 L/ &
] 1] %
=10 - oLl . ; : .
0 2 < 6 8 10 12

Time [sec]

Fig.2.11: Result of Expert Driver: Difference between Gaze Angle and Target Point Angle
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Rations of Pursuit Eye Movement [%]

Most Approached Distance to CP [m]

60y

50f1

40t

30}

20}

10t

% p<(0.01

&%

Expert Driver Ordinary Driver

Fig.2.12: Comparison of Rations of Pursuit Eye Movement

1.6
1.4}
1.2}
1.0}
0.8}
0.6}
0.4}
0.2}

o *% p<0.01

Expert Driver  Ordinary Driver

Fig.2.13: Comparison of Most Approached Distance to CP
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2.3 EFTYVY

ATEI O FHFRERIZBIT DFRN G, BN T A NTEGATE) 2 & 0 B IR
T2 K9 IR TER R ORI 2 B L Cu7e, REICTIE 240 & ERE R 2 — IR &
LT, B FTA NG MR EZZALHREEREET ) 7 LTn<.

2.3.1 A7F14Ah)IL-J0—¢FRAAE

WRRICE 2 B CEBOF O D A T =X N 5B RHT Gibson 5
X > ThHEzZbN7-[13]. ACEENC X » TARE SN AERAES A CEE O i
P& B PEKH L (Focus Of Expansion: LA FOE) 2> & BHIRIZIA DY - T < LY,
ThbbA T T Tu—tiebl LaR Lz, EIREZ 5 2 T3 RO AR
kDA TT 4 Tu—DY I ab—a U EToEM AN E Fig 2. 14 1ORT.
Fig.2.14 ® X 5 ITH BN T2 FAfHEIC FOE 257§ 5 7 ®, FOE (3 B i
HEMETH-ODERTHLIEESbNTE.,  —F, iEkot+77 400 7n
— CIXIRERGERCHEB N EEB I N TR O T, MK LICRAET D 7 o — LIk L
TS ZERHER SN TV D, FRICEERRE VORI 20— ML 2 IRERES) 731
BUARKT 270 —Ch b, (hyh— NIy h—F 712 EMEEN D RGO
IHIVER 233 2 72Dl i 7 v — & ARk L),

IRER-CEEHASIC L 2 BRI TENS IR IC 5 2 2 I S\ Tk, OFEEE 3 & ffik
FROEFR ETHBE LTS [18][19] [21], @iEENE % J5 A F1 5 I FEMBRAY I F
LTW5 EWH [171[20], 2 DO b REIER i#an AN 72 S TR VRS <
VRN,

Fig.2.14: 3D Point Cloud Simulation
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2.3.2 ExE{rE

B COEFRRBRAZBEL T, TFA/8— K« RIANZRT 2— RE2{TW, Z—4

v MERDRA P ERBHRL TV,

FrIDLE, LVEIRNRTA U EEVEE

THEITTDHZENTE TV, ZORBIIHIRA~OBHRITEND, e ORE % 1\
EEIETWELAEEEZ RET 5. TRbLAMETIX, QDN L FERIC, =F AR
—h e RIANTBHRICE 2 7 —Z2BBICHHA L T0d L& 2, XIG~0BHAT
Borvn—LEEEIHICLILI 7T — L2 EbE AT T AN - Tu—2 AL,

EMNTHI 22 08T 24T 5 (Fig. 2. 15).

Human Factor

. -
-~
.
.
.

=

.
.
-
.
.

-
Wt e
.

.
-~
—-ve T,
=3
- - .
i -~
.
ce-w e .
R

“has . e,

TR

‘iJ
JJ)}J

T
. -
. R ™

Smooth Pursuit
Movement

Vehicle Dynamics

\

~ k 1 (/
e Y \\-_‘ o r".":
E¥ S
— o “\
/\”/ \ ~ ‘
ve A7 2 \

=k N
7 2het '\ \.\\

_ Ot_)server Movement J

Human Factor&
Vehicle Dynamics

\“\‘\\\‘u A / V///

aﬁk"
-

!/
// / /’F \ \\&\
Optical Flow Produced By
Vehicle and Eye Movement

Fig.2.15:Working Hypothesis



2.3.3 ETVUITAH

H CIEB) O J7 M Tl FOE 2N EBERFHEE L 2 5. AR TIE, BHRATE) & #Hl
EEN A S LA 7T v e 7 —DH T, 7a—0DRKE SBR/NERD SRR
THIEEERTDH. D& &ETu—2MAISG & AT L, £
NENDRS Tl & 72 D FOE BEMlAREATRIR, T D%, WHOMEARE L L L
L7z,

~

/;Wﬁﬁm%ﬁmm@ﬁﬁﬁ>
%’ﬁ:@ . (XE]v » VEIv » ZElv) = argmin(OpticalFlowElv)

<L A J7 8RR 43 FOE A i >
D 1 Ko s Vitem s Zazm) € argmin(OpticalFlow,.,,)
\ J

7 —ORBFICHOWNTIL, BELHEZSHTELET Y V7 ENTWS L ) ICHERE
FofEERIRE L TESYET 2. FFETRGLESH TET Y 7S TWbH A
TF 4T T a— L OMAELERBARETHS.

2.3.4 HERREE

WX, 7T 4 B T r— [ THEmFEE) L ETRED GEE I TV, KI5
TIE, 618, RIAAPEBMIIT ) BHEATHZZE L Cy7n—%2@ER T 5. 22
TPNL U TRRE T & PEAR R VAR FEAR R, H ] [ E PEAR SR, MEBEERD 3 DL L
7z (Fig. 2. 16) . HEMRREAR R IZEHES M ONMREKEENZ L 28RO ZEZ KT 5. [AlikE
BOFLIRE LS < T 578, et FEAT R & Bl [E E A RILR U S IR ET 5. 1
JEEEE R R T A SAMEBE DA ZEWNTWND 2 & 2 A8E U, B [ E B R & 57
A0, Mg, 72FEEEL TS LT 5.
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[xz*F ] Z,z

AR

R Retinal

O,
R
ZI ZInertia
X Vi 0.
YiVv
YR

Fig.2.16:Definition of Coordination

2.3.5 MASWAFOEZHABDET VT

TFVUITOFIEE LT, RNva—FLEHBAOBRITHNCEISZ 7n—%2KRD 5.
WICHBEEIIC LS 7n—AbE AT T4 v 7e—%2ERMbT 5. KEicA
TT A4 T ua—DRNERERDDLZEEEZD.

HENSLHEE R > & HETH R R DKL P (X, yp, 2,) 2B LT B O P E TOMAZ KD

5L
Z
@, =- tan{—pJ (2.1)
rp

r, :1/xpz+yp2 (2.2)

WA LISB R oM 7 7 B —1E (2.1) & B L OR® S 2 LR TR
5.

7L r 3 FCh 5.

zZr —z 7

. __“pp p'p

Pp = 2 2 2.3)
z, +r,



@ 1) VLA P OMBFERE R & R MR O R OB Th 0, il
O HE « [BHREE R 2 AW T TFTO X S IZREdR S 5s.
z =-z, + (o'vrp

P

_ o (2.4)
rp :_rv_wvzp

R ERE S 70> B L 7= B0 [ BB R OV % (v, , v, ), AR % 0, & LT
F7, MoPPEAE RIS S A PSR IE LT B 75, SRS C o i)
I ONEBIR Sy L X LS. £, r T CH D,

7 _xva+ypyv

v 2 2
pr +yp

2.4, @2.5)RX%E@2.3)XITMRAL, S PEZBEBHLEGAMINMA 7o —%2KRD D
ELITFERD.

, 2 2 . .
xp +yp . ‘xva+ypyv

¢p: 2 2 2 %y Zp_¢v (2.6)
2 2 2 2 2 ‘
X, *y, tz, (xp +y, +z, L/xp +,

Wiz, W87 10— DN OEESR DT ¥, k5 15 2 YATEEE 5 B 7 et
ERDILED (K, y, HHEEL, 70 —%Rb5. (2. 1)~ (2. 3)5 & FkE
s 7 — %R 5.

AT OS¢, ) LERABIC LS T —p, #ZEL, FEOL 5 ITkD
ENB.

(2.5)

z==-z, +((0'V+(0'p)r
o (2.7)
f:—fv—((pv+(pp)z

kv Em ot o s 7a—FZ T LI ERILTE B,

,_1/x2+y2 , xXx, + Yy, . :
T TNy ) e
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2.8) Rz @2.6) REMRAL, W7o —RR/NIRDREp=015bRDD ELLT
L s.

(x,y,Z)z(xp,yp,zp) (2.9)

TRDL, BRLTWDEMIA T o —R/DORERD.

2.3.6 AfifAAMAFOERERBOETY VY

M FmoET Y o7 & RO TNE T8RS R ST ERE RO S P
BRI AEEZD. ZOEXHPETOHIMNAZOET S, ETHIEL LT
Y p ODTEFMERIZEE L, AP EHEOEEOSICEET S, MEADERIC

K0, BEONENSEPE TORBEITOAPIREDINOE SIZEMR D TI=2r p0p
L7245 (Fig. 2. 17).

Fig.2.17:Relation between Inscribed Angle and Central Angle

e~ 5 L

[ = 2Rp¢9p (2. 10)
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BHIZE2 7o —3HEWHEL Yy, I—L— &yl T5L

0 =————=—=— (2.11)

ERED., ZoLEyvidxy FHLEOHRETUTTHS.

i=—v=—pr+yp (2. 12)
TN A A 70> & T HE R AR R DR B D fi(x, v, 2) £ TOHMAX

0:—4anl(zj (2.13)
X

ZDEEFAARSD T m—E (2. 13) E —FES L

gzxy_@’ (2. 14)
2 2
X +y

LRED. (o, )BT E A R A B B 7 f B R 0 5 P 0 BT OTER) T b
4. ERHEEOFMAEEREZO, ETH., ZDEEX, RIAOBHRITENCLD
Tu—0,%BET DL

(2. 15)

LiB. TIT 6,=6,+6, £ LT 15)3R% 2 1)RITRA LRI 5 L,
N TFEDLTT 4 b« 7a—|%

1
x>+ y

(2.16)

0= > {évpxz +yxXx—xy+ évpyz}

FR 7 0 — NN B E0=0 bR D L, A7 a—REh e b
FOE {34 SR T F 30 00 MR 2 2 T 72 5.

I Y S B
0,x +y,x—x,y+6,y =0 (2.17)
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B L L, FAT7a—R/heRDRMENTLITERS.

2 2
(H Py ] J{y_ X, J _ X+ (2.18)
. . =
20, 20, | 46

Y

1L, (o o )WL BTRE % v, BUKOT =0 #% 8, REBEER & i =% o
EiEf %0, L5 LU FChs.
%, =veos(8-6,) (2.19)
y, =vsin(f-8,)

2.4 ETIVIZEDISIXR/IN—F = FSANDEBELDH

HiTHET TR D 7= FOE Ml EED 5 B, BRI HNL A RITIT O W TRRNTRIIZ oW 247 9 .
(2.18) A TRILIN D SREZ KM FEMICX/RT 5 & Fig. 2. 18 D J2 5 (2 Bl [ & JAE
RN D HERDT RO A BT IVALEIZH D Reop ,  HBE Oror D MHE %4 <

i

yl y" L BER 8 x,x,,

Fig.2.18: Tracks of FOE Candidate Points

0,, [_ v sin(,é’ -0,) v cos(ﬁ -0, )j (2. 20)

(2.21)
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I CHMmER L ERTENCL DTV —%2E x5, HEOI—L—FE yLT5
L0, =y7eDT, CINDKEAFDLEDL L0, =y/2L70%. Tk (2.21) RUA
THEUTNERD

=R (2.22)

(2.20) o~ (2. 22) KRS IHNLA 7 0 —3 /N & 70 D pREE, BUAEOREE, fkE,
HAROT XD AL WVSTREEIZI > T—EIZRED, ﬁ#ﬁbﬁ%%ﬁkbt”
B Rror DM & 725, ZORBEIHETPBIEOREZ MR LTSI L —2 T 54E
s & —7 5.

TXAN—h s RIANRXDBETTIA % B —Z2AFT 5, D7) OEETIT-oTW
7oy a— M X DR OB LICART 2 7 e —1%, HljE#ICLS7m
—ICEBE 5 2, FEROEITHLE Z R AR FTRE e RO RE 2 TR L T 5 7]
BEMEZ R 5.

<A 5 1R R4 FOE AGEAM ke >

> FIANRBATWHLEREDROIEFHRERD

< L8 7 11 A Sy FOE fgadi st >

> HEABEOEEIRELHFE LI X, NL—XT5THA ) EITHIE LD RN
BRI RREE 72 D

2.5 BHYIC

ARETHE, EEOBWZF A=« RIANADNEREERT A FL—R%1T9
BUC 7 U v B 7 e RA v R (CP)RHHORA > N2 BT OIEMR S D 2 L 2 ER
BRI L VDT, F7-, ERSEE GNSS 1T L % sl @ E RS Lo MTIc L v
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Fig.3.2: The road where curvature changes Fig.3.3: The road where the friction of the

road changes
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(3.3)~@B.5)Xx, EHEDOLAFTIT A, BIW, ba—~r 7774 THDH K
T A NOBHATEN FOE A RARIC B E 525 2 L 2R LT A, BHRITENC K S
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ZECIXETRE EOMEORICHERAEREL, ZOREZEHRHT L ETCRET LY
0 —% R M5, MEEERATEOEITRE Py Gy vy 2p) TREL, 2O
IHLO— R AEEHRE LTERIRT D &

PPW(XPW’yPW’ZPW)ePTrj(xTrj’yTrj’ZTrj) (3.6)

V2= a YTREL R D HE O~ D AL, #l O 2 T 7 L0
MRIZEE 7R 8N H U T OREEN. S TEHT .

[
0= (1+stv2)— Y (3.7)
A%
_Zzlf v
K (3.8)
:#_’5
p 1+stv2 [

ZIZTyIREEE, plEI—L— b, BTN, SITRAEA, K, K IR
ZNRIEE DO 2 —T ) 78T —, m [ TEWEE, [IRA ==, [, LITEDL
ROOHTIGIE COERTH L. £/, Ky ZAFEV T4 777 ZTHYLTFTH
5. KT A—H % Table3. 1 (Z/”"7.

m K, ~LK,
Y2 KKK,

(3.9

Table 2. 1:Simulation Parameter

Symbol Value
m 1670 [kq]
K, 110 [kN/rad]
K. 120 [kN/rad]
/ 2.8 [m]
l; 1.38 [m]
|, 1.47 [m]
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0 = (3.13)
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Fig.3.4:Calculation Flow of Numerical Simulation




3.3.2 E#FFVISaAL—Pa vl
ruay A REBRIZLLToXTEREIND.
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0 ’ 0

v \4

O - [_ vsin(ﬁ ~6.) veos(f -6, )] (3. 18)

(3.19)

& 7RV FFROHEMHLNE & — BT 5.

GBI~ G 19 ix, ERTHL TND LB X SN TE FZHl ORFRHIE &
FOE A AREIC KV BT L CWAD R Z R L, Z DA, FOE fEAHARX
2WTPRIET VIC X DWE TRl & Sl & 72 5. F72, [FIRFIC FOE Al miff % 5 £<
HE9 5 & 9 A s ENEEHIE O FE A A AR T E UL, 2 R TR ORI ERSET
I & FRRICHTE D EATHNE ~DBIENFRE L 72 5.

A
Target Orbit Deflection
=
Current
Position Predicted
Position

Fig.3.17:Overview of Preview-Driver Model
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3.5 BHYIC

ARETEEREICBIT2ETY— v 2HE L, EBOBEREE TRAIN TN
FEFNHIAR & N o 7o BT DR R0, RS & o T BR TR BB 0D 52 28 C Ll 24 )
NEBT D567 12O\ T FOE A AEEN E D X 9 ITIR D B 5 222>\ THUE
Valb—va X VR EIT o, ETEROMREIZB O TIE, BfiZEiic
MELLL 7Y A N L2 %M _ime 7 LV CRll SN HEET VR ETT D
SFaxz—a A BRELYI 2 Lb— g VRS RESE, FOE M SR A THE LT,

F 70, BEIREATNICEL T DHEORBIC OV TIE, HEEEIRS» ST A
AT 477 I ERENCEALT DL ERAD I ENTEDL. ZZTEFHE
ETHOEBMOAX VT 4 7 7 7 X e @BIIE s, 7o X —27 TEm/ 4
—N—Z2F T ZEY L, ZORPLUTIBIT 5 FOE sl St 2 mE L. v 3 =2
L—a VORER, ETHOMENET D5E / BERESE(LT 5385507
&b TFOE Al e & EATRRIE OALEBIMROFIE ) LD v o T il TR T
XL ENGhoT.

KB, BIHEREETARE Dz b s BA v E Vo 0k AR-H B
HADET ICOWT S AT T 4 b - 71—, 3 X O FOE gt SO BLE N Bk
2% 2 LR HDK, 1ERDE TV TITFI N EE Lo 7o ) & BB O EER O
AB =R DZONWTIRELIZET LV CHIRT D Z LN AREL 2o 72,
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F4E ATTFq0Hh)L-7O—--FTIL
ZHAL-EeHES X T4

4.1 IXLBHIC

A-H B H R OIS LATE £ TIE, Gibson HIZKk > THE 2z ONEREICED
H CEB AT OHERIIRGT 2 8IC, A7 T o b 7e—2Hb L, K430
EI T OMA 2D CE /-, A LEBHMRICALZ TH 57 v — L KF0 (Focus
Of Expansion:LAF FOE) Z€7 U > 7 U7l @il L 72V MEE O S5 FOE gl Al
ERDEIVBMET D5 LT, EIITHET D Z EDMITRIC RS LTz, EEfEY
2 b=y arnb, RITANTLE LTz BRI OB & SVELOZ BN LT L
RING, A% NL—AT 572012, FOEfEfimiftz 5 £ <FIH LHME L T\ 5 a]
REMEDS R ST,

D ORERD G, FOE i fBEORT R 22613, B EROH T, ETH=ERD
AR, WRPE & Vo T BREEAMELC X 2 B p OZARITEERIZ, 72D, FERFHETxf
ICL2R D, FTEOTA % N —RAT L HEDO—D>ThDHEFER 5.

ARETIX, £, FOE EAHAREZ HIE T 5 72 DIZIERIZ B T2 X 0 HlAEn R 28
HL, TO%, ITEOEREE~DOIFMEICOWTOT 5. RICES 2 —F—E(T
RF D HLEE) T — & & 5T, FERIERIERI DREAIE DA RN, N7 A4 e b bt
B9 5. w2 HENRAE S AT DTS 2 BRD BRI ~DIBIEMERBIZ DWW TE L
T 5.

4.2 FOE fe# m 235l A D8 H

4.2.1 At

F2E, FEIWEED NI AN IIMEED BIENZ FOE RAAREL 702 KO HlE+ 2 2
T, TEDT A2 FL—=A LTV O AR RZS N TN D. TR b DM A Z#
FEFA > A7 2 LHEBRE S E 5121E, Iroiug FICHEREZREL, 20
ROT7a—3Ew k722 L9 26l Z2 5 2 uX v, RIFgETlE, Ao TRZ )
WIS R &2 R 9% Image—Based Control Z£¢f 9 %. Image—Based Control TlL
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RIANREBRED @BOHIEZHE T ZREMENH L, 7 — - XJ MEE %
BB DD SR CRE < Z LT A, BREEAMEL A~ DOE M~ DXL & o 7o 523 E o
HrRE b FET 5. £ 2 CTAENX Image—Based Control TR 2 & H L%, %
ELTet v 7S AR 2R AR EoO BB E R A O CTHIEIRIN 2 254804 5 ik 2 87
A3 2. 2z X0 HIER OB 22 R CEAE S FTRE & 70 2 & 3RIT, PRERAICIT
GNSS =2 LIDAR & Vo 727 FHEI AT BE 7o O BREEFEG R & o CH EBLTE 572 L OF|
BB 5.

4.2.2 wIEEIDEH

))
7z Retinal
i Z;ZyZ,
[x-z planel A
X; Xy X g O
X; X, Xp

[x-v planel

ZI z“Inern'a
X AI—U’] YViVy)re— ()

Fig.4.1:Difinition of Coordination

WoOBETHRLIEATT A N s 70—« BT UL R T A NOBHEER) &, HlE
BORELKMT 5. BT A SPEENICIT S BfLEE 2 BB L T 7 e —%2HE T2
VBN DT, ML U CRRE T~ & AR TR 0 -x,y, , HlI[E E IR 0
Xy, WABEERE R 0, D 32 & LTz (Fig. 4. 1) . [MEmE# Oftd 2 LS < 5720,
b et FEATE SR & HL T [ E AR R, MR SRIEE LM E ISR ET D.

7 —ORIUZHONTL, BELHESH TEZET IV 73N TS L) IR
LofmEEFEE LT T 5. FFETEGLESECTET V7SI T0WAH A
TT A H e T u— L OFAEEBRNRAEETH S, MEIEEER IS W THIE L2V B AE
W& Py (x, ) &T5&, BIEROATTT 4 v« 7 —OGNAITHEITITLLT &
5.

_ XXy (4.1)

u
x®+y°
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X,y IR RIS STV D S A B R D R & X O L 22 . B
MR v, BAOBT D AEZALTHE x, yid @ 2)RITHES
X= —vcosﬂ+6’vpy
. , : (4.2)
y=-vsin -0, x

Z 2T EEREBIC LB HR T v—0, b KT A ASOBEHERIC LB 7 n—0,0

MTHYUTERD.
(4.3)

0, =0,+6,

DX ITI—L— bR yTHLEUHKNERD.
O, =y+p

(4. 4)
BRI L DRI A Tl e B IR ZRET D 2 & CORRERILE A M5 L T\ 5 A
ZDOLE GV OWMHGEM A 7= Z & C, FOE il /it

REPEDRIZ STV D.

L ORI & — B
% (4.5)

(4. DA~ @.5) KLY BEER DA T T 4 )b« 7 —OH AT T &7 5.

(7+,B) v .
u=- + —xsin S + ycos (4.6)
> f+0;( B+ ycos )
FTT 4T T —DO AR ORI & Dk
du  y+p .1 :
E:_ 5 +g1V_5g2V(7+ﬂ)+2g1g2V2 (4.7)
ZIT, g7 T THD.
g _—xsinf+ycosf
I 2 2
< Xty (4.8)
xcos f+ ysin 3
gz = 2 2
| X" +y
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T OB EEINCB WO THET RO AR I/ S 0D T, (4.6) K~ (4. 8) L LL
FTOLHICEETEX A,

u=—g+gﬂ (4.9)
du 4 o1 2
- = 4 V—— Vv +2 Vv (4. 10)
1 5 g, 2gx Y1288,
fg B x
X x2+y2
3 (4.11)
_ Y
s

I EBOBES DA ST 4 e 7 o — %I LT FOE EMSREE T 57200
ARECREBIT u—0 Th D, AEREEZER T OHBEALZ Y 77 7 OREERIT
EAONWTRET 208, ZOBEOEME L TRXNE 52 5.

V:lu2
2

(4. 12)

KZT74—FR_Xw o F AL, V777 7B ORRIMS S (4. 13) L 72 5
X OMBAS ZIESTS.
aVv

—=—Ku’<0 (K>0) (4. 13)
dt

ZDEE EVAC AR TH DO T dV/de 1Tk & 72V, Barbalat OffE LY
t—oo TdV/idt— 0, 2F VD u—0%ERLTED. ZOLXEMOLAFI T A%
& LRI E 21T o720, 4RO 77—, 4. 10) R 7 o —2E{RIThZ,
(4. 14) KOZAM 2 #T T /L 258N S8 (4. 13) K& HEA N2 E TS5, 22
TOIXAMmAEA &35, SM 2T L% Fig. 4.2 ITRT.

D TR -
dt| S a, a, || p b,

DITHRART A—SFU T TH D, K K, RZNERRIRO 2 —F Y v 7 R0 —,
MOUTHEEE R, [HEEE— A2 b, [ L EELAD SRR E CORETSH .
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&

) F,
< >+
[
/ :
Fig.4.2: Single-Track Model
|:a“ alz:| _ _E(Kflf +K”l’”) _Y(Kflf _Krlr) (4 15)
a, a 2 2
2 2 _W(Kflf_Ker)_l —E(Kf'i‘KV)
EK/'Z/’
bo_| 1 (4. 16)
b, 2K s
My

PbEXY, (EEOBIES % FOE sl & 72D &2 #3272 ORI (4. 17)
X LTERMETED. 22T fIFRENT A=y, v, v, g, g (BT 5%
Thb.

2K .
5=7[gyv—gj+f(7,v,v,gx,gy) (4. 17)
1
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4.3 BIRPEIIXT IR

Reference Point

P"{’,f (X’ y)
oM
/ N\
7 N\ Angle between
Target Turning /I \\ vehicle axle to
Radius (R [m]) 1 WP __(O[rad))
/ S A
/ \
/ \

/ Length between ‘\/_ .:
/0,10 P, (L [m]) £

Current Turning Radius ( [m])

Fig.4.3: Definition of Arrangement

A EEB I O AT L U CHAT 572 HI1%, FrEaoiiiicmieT % o sy
HIA LS B DA LB T 5. AT (4. 17) OBIERI 2 Tz,
BAMLT U B AT BILHELC SV TR T2 At 2 2 5

SUAE D AETIE & BB AT L T BIRIE 2 2 5 (Fig. 4. 3) . MEATEERIC
BT FHEHE LI HE L B Py, ) ZFEL, HER 0,000 Py T
OEfEE L, x 8L DRSO LT 5. BEE Py b BHED H W OFEE F.0 O
Lo FERERE A R, FEALE 0, & BUYEO BT ORER .0 Op & OFEEEA » &

5. ZOLELBLIVP,x WIEHMTFTHS.

L:w/x2+y2

x=Lcosd
y=Lsin@
41D, 418X, 419KV g3,

sin &
L

gy =

52

F AR #LIE 7>

(4. 18)

(4.19)

(4. 20)



Z
N\
\
\ e,
\ 1 /
/ e(,”
& \
7 €9
e
\ /Ag
e, :
(o) AN -
e\ “(r ////
(p //' > ¢

Fig.4.4:Difinition of Polar Coordination

FEEI AN —TE TR WIBPEIREIZIB W T, Fig 4.4 \RT X D ICHMEHE L (e ,e,)
N AT MLl LTEEETCLLTFDO X H IR TX 5.

§=é¥¥ﬁq+r££e

i di dr (4.21)

4.9, 420X, “A20)XEV u—0 OIRAEEZZERN TE =55 DML 4. 22)

DI HTkESD.
. 2 2
%_SIEQ\/(%] +(r%) ~0 (4. 22)

(4.22) AR ED L ) ITIREE D DVETd 2 2 & T u—0 ITEB T 58 2 I Pk IC o
WTCRMEITE 5. 72720 (4. 22) SUX R F MR EIC L > THEENED B2, LD
2 R HOW TR 2 #ETT 5.
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<MLz dr/dt= 0 DIERNET DA >
FERPERN IR E WS, di/dt=0 NRNLTHEEZXDLTENTELHED

(4. 22) i
y sin@( do
O (r;j:o (4.23)

ST 2R P RS IR LE RIS & Y

R2==L2+4ﬂ-—2chosf§~—9j (4. 24)
B L CHET 5 L&

R*—r*=1*>-2Lrsin@ (4. 25)

ERIND., BT RVALITHHIT/NASNET D E (4.26) AL L,

do _

(4. 26)
a7

(4.23) 4T (4.26) KA A L TEET L & @ 20) AnfGEohns.

I?-2Lrsin@=0 (4. 27)

ZZTC L 25) s U 2 KE=RATH L

R>—r*=0 (4. 28)

u—0 OIRREH ERR TX 7256, BEDERPEES r X B EERERPEEE R IZIGRL,
FERL U CHEIEIZINE T2 084 28) AL VHETE 5.
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<2 dr/dt# 0 DA >
FERPERDN NI WL E dr/dt VR TE 720 GEA,  (4.22) KAEZETE L (4. 29) s

KES.
. 2 2
Z_sme(r££)1+(mj (rd¢) —0  (4.29
2 L dt dt dt

CITHTNY AR HITNSNET B, EEANNSVES, r < iy ThD
Z D Taylor BRI L TM@.30) K&2E5H.

. .\ 2 .\ 4
y_rysm@ | 1pr ) 17} 1, (4. 30)
2 L 2\ ry 8\ ry

Taylor #E A UTEIICEE 2 THE TH %, WL 2Ly Z#iT 5 &

N2
I’ — 2Lrsin9{l +%(LJ } =0 (4.31)
ry

ZIZTURKEEZEEBE LEHEILLELTITNRESD

N2
L2—2Lrﬁn0:#2[£] (4. 32)
r\y

(4.25) 2 (4.32) KERATH &

2 2
R —r"=

N2
X(Lj (4. 33)
r\y

LB kXY, drdt WERTE L o8I HEHEICNESE 5 72
DiziE, O @.33) XOLEVDOIHEEMMIET S X 5 REEZFAININZ D, @y A
F/NEL 2D KO ITARER Py @L L.
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4.4 FSANBRELEDHEK

KT A R EEE Ol AE LT (4 17) RoFHIER O FMEIC OV THRETT 5. B
FINCIZ R T A NRNDBFIED 23— A ZEIE L, 20O & X OFHT — % Z AT 4. 17) X
LEMEARS ERI L, FEME LT 5. 2oL &, FOE Al S BE O HIEIH] o K%
EHARALT 572012, 85 < OEATHIZEN 72 STV BRI RS 2 kTPl T v
IZOWTH RO IFIETHIERT 5. 7eds, RERIL, HASHET v Y — O e fms
EEZEBSICBIT AKBE2E- ETCEB L.

4.4.1 EBROBM

TFRASN=h « RTANEARRTANE VST BOED 2 FEOT —Z 2T, &
e A5 L DMl L, R OR IR 5 2 L 2 FIE L, Sk
5.

4.4.2 =EEBENE

LEZLDA T4 — LR arty Gz 20 fR~40 [RO@EE LA 12 4 % %}
FL L. 9b 64, FlZEERAIZ 32, RSFMICHEE L TV D% A/ —
he RIZANRTHY, %D 6 [ITEWEIRLTZ2THA L TCW50, EiEITHkx Th
H—E KT A& LT

‘ Exit Gate

@ A 60R
70R .° ~ (Right)
(Left)
50R
_ (Right)
60R Entrance Gate
(Left) e
. 4
50R --~ ©® 1@

(Left)

Start Gate F’.’

Fig.4.5:Experimental Course
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4.4.3 EERE

EBRIZT VY —BAT LT A ha—2NICEAa—F—Z2REL CHEiELE
(Fig.4.5). BEH a2 —F =1L 50R~T0R D2 —F— L WL S h, EfdhiiIRE L T
W, EHEa—F—ICTADHENT, MEXH & L THEREAREL TWD. FEBRSM
FIZE, BCET A VITERSET@EEOEBEL T L 0For L., -, #EL
HHUBE, A—FZ2EHELTCLE D Z & 2BET D72 50km/h FLEE %2 B A Ik &
LCHor Lz, S EZRET D727 A METIZOW I ER/NEE LT,

4.4.4 EWMEBEFTATL

VRS-GNSS % Hifili LIZRit4 2 DHLY fHiF (Fig. 4.6), HEOEATHLE ((rE & A4 5E)
OFHUNEFT > 7. VRS-GNSS 34— > A b A CHRIZEE N BAFRGE, MEREIX
+2.5 cm, AERHBEILE0.1 deg FRETEHMT D LNWRETHDH. Fiz, #Hifit
YHIZEY I —L— b, B/ BRIGERE, EEEHEAZFHIL TV D

Front | Rear

Fig.4.6: Vehicle Motion Measurement System

4.4.5 HHIEAIZLSEMIETER

B ERA 2 RPHIET VT2 BN B TWARARE CliBEim A5
PRICHEBCX % 2 WP HIREAEERE O AT T L A xS e 35, Btisss
13 (4. 30) ROFTHESR A 12X D (4.35) K& LTEED. A3 X0n 11T 2 K’
TAREGE & HEBGEORATH Y, TITAFERNMCTH .

2

YO+TY O+ T(0)-Y,() (.3
Tv

gT(t):_
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S = —LgT (s) (4. 35)

(1+Tds)s

—J, FOE M SEEOHIBEANL (4. 17) e LTRD B, BN Py, y), Hili
HWEy, 3—L—b y2 AN E LT, AilmeAESMs 2 A3 5. FOE i mUREfIE
BERO, BIHFEHRM 2 RTPMUET AT &b BEER PorlTOWTIE, GNSS THHHIL 72
B BEOEITIES, BUEALE, 3 X ORI ERRER 76183 5. RREHIIs W Thi
FFEMRERRIE 1lsec], 2.5[sec], 4lsecl& L7=. A L OFREIZDOWTITIEITHF
LD T,70.3 £ Liz. Kiy KDBEIZHOWTIIAR-BEBEROANL— 7L EMITE
BET, RIANOFE 1 MBI 2B EARKEE —BT DL 2T L. EHs
IFEDOT —Z BN TEIR L2 Ky, KIZOWT Table 4.1, Table 4.2 12739, 72
HIE T X —Z|ZOWT Table 4.3 1277

Table 4.1:Control Gain of Kd / K (Ordinary)

=1 1=25 =4
Ka 2.054 1.087 0.595
K 0.636 | 0984 1.151

Table 4.2:Control Gain of Kd / K (Expert)

=1 1=2.5 1=4
Ka 1.986 0910 0.397
K 1.007 1.292 1.422
Table 4.3:Control Parameter
Symbol Value
M 1670 [kg]
I 2800 [kem?]
K; 110 [kN/rad]
K 120 [kN/rad]
i 1.38[m]
I, 1.47[m]
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4.4.6 #aR

2 WA EERIE OB Fig 4.7, Fig. 4.9 (2, FOE Al AU REHIE o # 5 %
Fig. 4.8, Fig.4.10 (TR ¥, 2 R TPHRCATRIE T 7 =1[sec] DGE, FEEFEIZH A~
T BENBAELT, T =2.5~4[sec] ERDITENT A IV TRBIEEN KT A
EIZiE VW T . F£72, FOE B RBEOLATIX T 2 LB S 54, ¥4I 07
WZZERIIH L 00, FERET a7 7 AT KT A NEHEIZ) e 0 TV EA 2 7R

EIAEE B & A HERIOBRICOWT I VBRI T 2728, T 2 ZE I E TG E6 0%
FHERI DS & BT A NEffie D) 2 Feih72 (RMSE: Root Mean Square Error) % HHi
L Mann-Whitney MiEZ4T>7=. T =1[sec], 4[sec]D & X DR % Fig. 4. 11~4. 14
WRT. B, FRERELATT VI RA—VAETIHEL T 5. (RifmERAEA
FAT TV X7 LA 1.5 kL CHRIHENS.)

INHOREEIY, 2 RTHIAEHRIENL T OB KIZHEV RUSE 23D L KT A
felZir o< (Fig. 4. 11, 4.13) 7%, JEEREEOZERICOVWTIIARBICRBLTE 2V (F
B p=0.22, 0.31). —J5, FOE el ABEHIEIT RMSE 23 2AMICIK <Mz 6T
BY, B TR/NSWIEEZOMEMITEAE CTH D (Fig. 4. 12, 4. 14). Nz CElRE &
IZOWTHAHBEENREIN TV D (FEMER p<0. 05).

ARFHZ E WA a—F— S Fa—F—2BW\ T, MiREZHIEI 5815360
ETIVEY, FERPERORZE % 5 5 FOE BEGASHIEI D T8 KT A S EEIC X i
WIS Z AR T 5 Z Lot MR T2 BERPEREZSIET 5720, SFa—
F =DV LDOEFICBNTHLE L THRSMEEERT D E V- BN H 5.
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Fig.4.7:Experimental Result of Prev
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Fig.4.8:Experimental Result of FOE Candidate Points Control (Ordinary)
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Fig.4.9:Experimental Result of Preview Model Control (Expert)
100[
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Fig.4.10: Experimental Result of FOE C
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Fig.4.11:Comparison of RMSE(Preview Model Control: T=1)
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Fig.4.12: Comparison of RMSE(FOE Candidate Control: T=1)
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0.31

o))
o
<

Il

0 Expert Driver  Ordinary Driver

Fig.4.13:Comparison of RMSE (Preview Model Control: T=4)

60 * p <0.05

W30

0 Expert Driver  Ordinary Driver

Fig.4.14: Comparison of RMSE(FOE Candidate Control: T=4)
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4.4.1 RIRATLAOERIZAT-EE

FOE M S REDHIEI T TAV/NE W E WS Z &1L, 4.33) D y 2/ ENWZ & L&
MiTHs. OFV, BUEDOHE OREREPEE r BSUTALO SO BIEEFER L R 12+ UK
T 5L BRI NAERSIND. ZOT-OEBOETIEZEEL LI24EO X 5 7%
FEMTCIX T/ NSWIZEER S L OEAESVWRELS 2D, £z, THREWZIE
WAL f e AR L U CHERPER 2 S bHEicn < 720, EBROEITELE & OTRBEN K
L 72D LI X Y RMSE 23MEIIT 5. ZHUTBEESOBRABELED N T v I
RICEEZRFT 2R LTWD. TE/NES EUE N T v X ZHRRIEn B35
—7, WIDROE—Hgv-y2IXREREL DD, fERE L TAA T A T
ST XD RFEHERT N TRIND., ZTIWRERLE AT T s v 71
—NREL 2D EIZHIET D, O LHE N T X THEREEONT 2% 5 LB
HIoODREREEIRT HZENEEL D,

FOE A SR AE O HIFH RN 31T 5 =% A 3— |k« K7 A 30D RMSE 1% 7=1[sec]/4[sec]
DEXTHELSMAOLNTEY, AilmEAEAH YIRS 2 &5 0.2~0. 9[deg] FRE
DOBEIMZ LN TS, ZHTREIGEC T, BEMSEZEH ST LT, v
XU THERRE R DA ) FLANTURASERDLETTE D AREMZRET 5.

ZHUIHIZE, BAER Py, ) & 1lsec] & 4[sec] TAZHIZ, N OEEAIICHEE) =
B LTHHET A > S ZFANC AT Y 2— 1 7 L TRBIHERE LT BRAe i
BITZ 5. BIEAORRIENH 2 Z 213, AL TS o oRIBE#EICA DY T
THEERARETH D Z 2R T HLOTHY, BV AT A~OEHARFCIZEFICTHEN TH
5.
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4.5 BEMERS R T LADEH

A CIEATHT £ TR L7z FOE g Al a e D JERRIE 48 QI 4 52 #1100 B Bhife o
AT LCHEA L, BEFHEOZYIEICONTHRETT S, ETHOICT AT AERIC
WTIHRA, WICEBEOHEMICHH L7256 OfR RIS OWTELET 5. fR22HEIEEE 3
BEOYIal—ya UERTRLIEL D ICREBRERR I L 2RV T4 77
7 ADOEAICHBEIS TEDAEERD D, 0D, EHERABRIL N T A Kk
(Fig.4.15), BIOVES KA Fig. 4.16) E W\ o7 u ORQDHETH CTERT L2 & &

L.

Fig.4.15 : Dry Pavement Fig.4.16:Snow Covered Pavement

4.5.1 SRTLER

1 3
P [x.y]
T
Position Steering
Estimator 3| | Controller
Y GNSS+3D Map
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Fig.4.17: System Configuration
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Fig.4. 18: Definition of Arrangement
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Fig.4.19: Overview of Curvature of the Road

Table 4.4: Control Parameter

Symbol Value
M 1670 [kg]
I 2800 [kgm?]
Kr 110 [kN/rad]
K, 120 [kN/rad]
Iy 1.38[m]
Iy 1.47[m]
T 1.5 [sec]
K 0.984
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