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[0 — 4.1 Driving condition
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yaw rate Yo 0.39 rad/s
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target yaw moment My, | -15000 Nm
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0 — 4.4 Force distribution differences between steering and non steering control
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X axis
(Direction of target resultant force of vehicle)

0 — 4.9 Coordinate system of the vehicle corresponding to resultant force
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X axis
(direction of target
resultant force of vehicle)

00— 4.10 Coordinate system of tire

gboooboob rp0boobyYboobooboobooboo

4
fYtZthaxiCOS qi = FO (422)

i=1

4
Yt Z tha:v i sin qi = 0 (423)

i=1

4
Ve Z Finaz i (—a; cos q; + b;sing;) = M, (4.24)
i=1

0 (4.22)-(4.24)00 wOO0ODODOODOOOOOOD 0000000000 OOOOO
gog

4
Zthaa:iSin q; = 0 (425)

1=1

4
Z {b;Fysing; — (a; Fy + My) cosq;} =0 (4.26)
i=1

vwUoooboooooobooboooooboouooooo

(L,Fo)* + Mg
Vi

L= (4.27)

000,000000000000000000000000000000000C0
D0000O000F,M,,0000000000+00000LO000000000
0000000 (4.22),(4.24)00 (4.27)0000000000000000

4
L= Z thaa:i {(ZZFO — aiMo) COS q; + blMo sin qz} (428)

1=1
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Z tha:c i COS G50 * ¢; = Z thaa: ) (qu COS @0 — sin on) (429)

=1 =1

4
Z {biFy cos qip + (aiFo + My) sin gio }

i=1
4
Z b Fo {io COS jp — Sin qu)

=1
+ (a; Fo + My) (gio sin gip + cos i) } (4.30)

0000 428)0 ¢ 000000000 OOOOOO

4
1 2
L= Frnawi § —zDi (¢ — X; Y; 4.31
> Funaei {51l X0 71} (4.31)
oood
l)z = (l;FU — CLiM()) COS (0 + sz() sin di0 (432)

N; = (leo - az'Mo) (Qio COS ¢jp — Sin Qio)

+ b; M, (gio sin g0 + €0S gio) (4.33)
N;
X, == 4.34
> (139
Y;' = (ZIQJF[] - CLZ'M[])

q20
' { <1 - 5 ) COSgio + Gio SIHC]zo}
q-20
+b; My { < - é) SIn gjo — ¢io COS %’0}

+ (4.35)

ooop;,>000C00C0OCOCOLO0O0000O0O0O0OO /OOOOOoOoooooooo
EREREEN

4
= 7 (4.36)
=1

Ob0dp000000000D000D0O0

Pi =V Fimaz i Di (s — Xi) (4.37)
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. - i +
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Xy
X
n (4.38)
X3
Xy
ooono
1
Ei Ealae————ee
thax zDz
G = tg‘;” CoS i
thaxi H
Gy = {qi0 cos qio + (a; Fy + My) sin g }

D;
4

Hy, = Z Fimaz i {¢io €0s gio — sin gip — X, cos gio }

i:l
Hy = Z Fimaz i {biFo (gio €08 gip — sin gip — X; cos gip)
fEGiFo + M)
* (gio sin gio + cos qip — X;singio) }
O0ATO00 A0D000O0OOCOO00000000O0OOOO Sequential Quadratic Pro-
gramming Method(SQP 0 )0 0000000000000 0OO 00000
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0 — 4.13 Tire myu ratio on straight braking of split surface road
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(b) The passing maneuver

00— 5.1 Obstacle avoidance problem

2
mMall UO
Xes = 5.1
2 vaax ( )

goooboobbbbbbbbddodooooooooooooboobooboboogo

ooboooobooobobooobooooobboobboobbooboobobooo
00000000000 5. 1(bh)ooooooooooooooooooooooo
oogobd4b00000b0b00b000b0b0obobooobobobobonbod
gbooboboboboboboboboboboboboobbooboboobooboboobo
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minimize

00— 5.2 Passing problem for point mass
0520000000000 2—-y00002000y000000000 vg,v,000
ooooooood
000Y.0OOO (yO)OOOOOODOOOOOOOooooooooooo

000000000 (¢x0)0000000 X, OOOODOOOO

000020000y000000000 F,(t),F,t) 0000000000000
0000000000000000 Fpe000000

Pz Ppy 100 O000000000000000000000000

ogoogo
{ Mat Poe = Foe(t) (5.2)
Mau Poy = Fuoy(t)
ooog
pva:(o) = Uxo
Poy(0) = w0 (5.3)
pvy(o) = 0
ooog
{ Duylte) =0 (5.4)
Poy(te) = Ye
ogooo
Punlt)? + By (0 < Fl,, (55)
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0000

Xe = pug(te) = Poa(0) (5.6)
000000 F,W00 (5.7)0000000000¢ >00000000000000
00p,,>00000000000000

Fo.(t)
Fuy(t)
5.3 UOO0OOO0OOOOOOO0OO0OOON
5.3.1 0O0OO0OOOO
00000000000 0on
z(t) = f(z(t),u(t),t), x(to) = =0, tE€ [to,t]
reR", wueR (5.8)
0000000000000
g(x(t),u(t),t) <0 (5.9)
O0o0o0oD00oo
0(x(t.),t.) =0 (5.10)

oboobooboobobootobbobbobbobbobooboobo

L= St t) + [ o (), ut). 1) dt (5.11)

to

000000000 «°(t),w()00000000000000008)0
0000000000000000000

H(z(t), u(t),(t),t) = fola(t), u(t), t) + ()" f((t), u(t),?) (5.12)

000 () e RPO0OD0OOODOOOOOOOOOOOOOUODDODOOODODOODOO
00000000 A(¢)>0,A(t)e R"O00000000vy0000O00O0C0OOOO
oooogo

OH (2°(t), u’(t), 9 (t).1)" \r29(@° (1), u’(?), (1), B

P(t) = — e 520 (5.13)
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0 + A" 0 =0 (5.14)

Ai(t)gi(@(t), u(t),y) =0 (i=1,--,m) (5.15)
000000000000000000000

(1) = 2@ 1) é“;((? 2N uTiaaé“;(é)’ J (5.16)

}{hﬂe::_ascggyﬂ__yTaecggxt) (517

5.3.2 UUOOOO

0000000000000000000O0oOOOn (5.2), (3) 00000000

o000
2(t) = [21(t) 22(t) @3] = [Poc(t) Poy(t) Doy (5.18)
) = () wo)” = 20 Lull]" (5.19)
F@(t),u(t),t) = [w(t) ws(t) us(t)]" (5.20)
z(0) = [v,0 0 wyo]" (5.21)

000000 (511)00
L:iAQMAﬂdhzikx“ﬁ (5.22)

00000000000
S(z(t),t) =0 (5.23)
fo(a(t), u(t), t) = a1(t) (5.24)
000000000000 (5.900000000000000000 (5.5), (5.19)000
g@@%uﬁxw:n“@f+uﬂﬂ?—(ZZT>2§0 (5.25)

0000000000000000 (510000 (5.4)000

0(t) = [ws(t) = Yo xs(t)]" (5.26)

0(t.) =0 (5.27)
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00000000
00000000000000000«()0000000000000000 (5.12)0
00 (5.20), (5.24) 00

H(z(t),u(t),t) =z, (t) + Y1 () ur (t) + Yo (t)z3(t) + 13(t)ua(t) (5.28)

gbooboogn

OH (x,u,t)

o =01 0 ()" (5.29)
O U0 _ ey at)” (5.30)
og(x,u,t)

=0 (5.31)
ag(z;u’t):[2u1(t) 2y (1)]" (5.32)

000000000000 (5.13)- (5150000

. ]
%wl(t) —1
d
Suw| =] o (5.33)
d
_%1/)3(?5)_ _—lbz(t)_
D (t) + 27()u(?) 0]
- (5.34)
[ B (1) + 2A(E)us (1) [ 0
A®) (ul(t)2 +us(t)? — (iﬁ) —0 (5.35)

0000000v=[n, »"00000000000 (5.16), (5.17)000

o0ty [0 1 0]

_ 5.36
Oz [0 0 1J (536)
00 (xz,t)
=0 (5.37)

0d
Y(te) =0 v " (5.38)
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H{(a(t.), u’(te), t.)

= 1(t) + tr(t)ua(t) + da(t)a(t) + valt)us(t,)
o (5.39)
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000 (5.34), (5.35) 00 w°(t) O

vaaw wl (t)

iy | VRO )
vaax ¢3 (t)
Ma /97 (t) + ¢3(t)

000000000 (5.33), (5.38) 00 ¥()0000

—t+t,
Y(t) = n (5.41)
—l/lt —+ Vlte —+ Uy

0000 (5.27), (5.40), (541) 00 0000000 2y(t) = vge O

vaaw

Mg

xl(te) = |V2| = Uge (542)

0000
00000000 (5.18), (5.19), (5.40), (5.41) 00 (5.8)00000

i . (t)- -_ vaaw —t+ te |

" Ma (=t +1e)* + (1 (=t + 1) + 1)°

ia(t)| = 24(1) (5.43)
_vaaa: (Vl(_t+te) +V2)

0] | mar )P+ ((t+ t) + 02)2

0000
0000 (5.21)00000000 (5.26), (5.27), (5.42) 0000000000000
00000030000000

Mall v V22 \/(Vlte —+ V2)2 + tz — 1/ 1/22 140 %) Q . 0 (5 44)
z0 — - — = .
F’umaa: 1/22 1+ V% /1 + V123

Mgl v 141 \/(l/lte + 1/2)2 + t?: — V1y\/ 1/22 n 1]

0
vaaw Y 1+l/12 /1—|—l/%

-Q=0 (5.45)
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Matt_, I vo/V5(2 = 1)
L+ vi)(ve — vite) = 3va)y/(nte + 1)* + 12
2(1+17)?

31/1 1/2 Mall
— QfQ—F Y, =0 (5.46)
2+/1 4+ 1% vmax

oood

Q:m<—u+ﬁm—mm+JMQ+WP+Q¢ng (547

—vvy + V21 + V2
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F,
u'(t) = ——=2p0(t 5.48
(1) = =2 (1) (5.48)
000 wpot)O
—t+t,
V (=t + )2 + (=it + vite + 15)?
uo(t) — (549)
—l/lt + Vlte + vy
V (=t +t)2 + (=it + vite + 19)?
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5.4.1 UJUUOObOOUOOOOULOObLUbOOoOod
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gboobbodob e«e0O0O0DO
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m m
all 1 all
F/ UIO = F Uz0 (550)
max vmaxr
li
m m
all |1 __ all
= = a Vyo (5.51)
Fmax F’umaa:
li
m Mall
ALy =a® Y, (5.52)
Fmaw vaa:c

000000002000000000 P ={v.0, vy, Ye, Fomazs Man} 000 P ={v',,
o, Y F!

0> max>’

m/ }O0000000 PO0OOOOOO0O0 (544)- (5.46) 000
{te,v1,1,} 00000000

# =at,0 (5.53)
vy =10 (5.54)
Vy = a Vy (5.55)

00000{,+/,»}0 00000 (544)- (546)000000000000000
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0000000000 POOOOODOO00000000w(0)000 (5.49)00
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00000 {t,n,}00000000000000000000000 p°(0) O
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! e
Fma:c vaax

Y, =1 (5.57)
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0 — 5.3 The map of optimum controller

oboob0d«0DO0O0DO0O0O

My o “ Ml
Féflaa; F’umaa:
Meall < 1 >
Uz0 = — (558)
vaaxY; v’x’
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O (5.56)000 (5.61) D0 000000OARO00000000000
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00000000000000¢+=0000000000000000000000
00000000000000000000000000 (5.56), (5.60), (5.61) 000
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Y e H -
1 1
1 1
1 ]

Py
Py
a

Fomaz i Fymaz
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£ t1 tr N~ t1 fQ
_vaax l —vaax :
F, F,
a U < 2 vmax }/e b U > 2 vmax }/ve
( ) vo = Mall ( ) v Ml

0 — 5.4 Lateral moving

gboboboooobbbooooobobobooodan
( 1vaax

Uyotl + Em—”t% + Uy1 (tz — tl)
a
1 vaaw
—- T (1) =Y,
2 m
alt (5.64)
Uy() + ;lmaz tl = UyO
all
Uyl o vmax (tZ o tl) — O
\ all
M U20 vaax
ty —Uyo + 24 = + Y,
vaax Mgl
(5.65)
vaa:c -
000 vy < /2 .
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2
Mgl UyO vaax Mgl
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vaax Y \/ 2 M vaax ( )
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mer >0, Fome >000000000000000

vaaa:
21};0 +4 Y, < (UxO + Uy0)2 (567)
Mgl
02 + 2050040 — V2 > g Lomas (5.68)
z0 z0Yy0 yo = Ml e :
O (5.58), (5.59)0 000000000000
1 U"y "2 n \/_
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J— 5.5 Map region

5.4.3 UU0OOOOLOOOOOOOOOOOOOOOO
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vaaaz 31/1”2 V V22
Mall 2(1 + l/%)2

 Fymae (L4 0t = 3nimn)y/(nte + 12)* + 12
Ml 2(14v7)?

Xep = Ugole —

N ) O 1/%(21/12 - 1)
Mait 2,/1 + 1/125
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0 — 5.6 The minimum avoidable distance of each manouver
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0 — 5.1 Simulation condition
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0 — 5.7 Verification of the feedback controller
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Behavior Visual sen5|t|V|ty
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“
.
Vehicle dynamics E

00— 6.1 Evaluation in human-vehicle loop mystem
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0 — 6.2 Driving task
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0 — 6.3 Driver’s sensitivity for dynamics
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0.1 {{ I Vehicle

Simulator (No motion)
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0 — 6.4 Evaluation for yaw gain
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S
=2
3

Angular velocity [deg/s r.m.s]

0 — 6.5 Perception sensitivity for each motion
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Yaw rate steady gain

Priority
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00— 6.6 Percetion priority
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O — 6.7 Isosensitivity critelia
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2 (L (Ky 4+ K;) + may (5K + I2K,.)) s

A(s) = s2
(S) o mallvlz
APK K, — 2mav? (L K — 1, K,
| APK; m llUZ(f i ) (6.6)
mev Iz
2K (21, K, — mgyv?l 2K
N, = 28 Zm”””+- ! s (6.7)
ManV?1, MgV
2K, (2lI+K aV?l, 2K,
N, = (ffjmm’)+ s (6.8)
Mayv?l, MgV
4K K, 20Ky
N, — 6.9
’ mallv]z - ]z ° ( )
4UKK, 2K,
N, = — — 1
! mallUIz Iz ’ (6 0)
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= ) 6.11
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Front
O, .
> o'e C steering
> Velocity angle R
> Y R
- - o
Steering N lefe_rentlal N S"E
filter O
angle Velocity
Rear
> §$ / steering
> veeiny | ¥ angle
Differential || S«
filter -’8" )
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00— 6.8 Controller structure
oy = C1(s) Oma
= (Cro + Cui(s)) dma
S
= (Clo + mcno> OnA (6.13)
0 = Ca(s) Oma
= (Cz0 + C21(s)) dma
S
= (CQO + mCZI()) 6MA (614)

0 (6.5)00 (6.13)(6.14) 00000000 (6.16) 0000000 N;, N : (i =1~ 4)
00 (615000000000 (65)00 (6.17)0000000000

N;(s) = N;(0) + s (6.15)
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By 1 Ni(s) Na(s)| [Cio+ Ni?,cno
a Ay(s) s A
Vo N3(s) Na(s)| |Ca + v C210

(6.16)

L8 N3(s) Ny(s) [CHO-I Susa (6.17)
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0 1 [Ni(0) N2(0)| [Cho
dpra = A.(0)
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(6.18)
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020 /BUO 2 UlKr ’y’UU (6 0)

000 Cy,,CypO O (6.11)0 5,v, 00000 (616)000000000000
00000000 (6.21)000000

Chio + Caro = Yo Va1 — (N3C10 + NyChq) (6.21)
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O - 6.9 Yaw characteristics
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00— 6.11 Lateral jerk response
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Normalized slip angle
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00— 6.12 Active steering angles
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[J— 6.13 Normalized tire slip angles
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Steering ’
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Torque sensor
Motor q

Encoder

Torque

pPC2

Motor
current PC1 Target torque
Torque control Calculating vehicle
dynamics
&

Drawing front view

0— 6.14 Construction of driving simulator
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is) A A A &

Obstacle 1TObstacIe 2

0 — 6.15 Driving task
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0— 6.16 Front view
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00— 6.1 Subject data

Name Driving career
a several times per year 1 year
b every day 3 years
¢ several times per week 1.5 years
d onece per month 1.5 years
e every day 3 years
f every day D years
g several times per year 3 years
h every day 3 years
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(Group A) (Group B) Steering torque
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0 — 6.20 Relation between gear ratio and torque for success rate
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(Group A) (Group B)
0 — 6.22 Subjective evaluation for controlability
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— Steering torque
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