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Fig.2.1  Tractor-semitrailer Combination Model (Passive)
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Fig.2.2  Motion of Tractor-semitrailer Combination



Table2.1 Nominal values of parameters

m; 1180 kg J.a 1570 kgm?
Uy 1.2 m l, 1.3 m

d, 2 m h 0 m

dsy 2 m

c; 24400 N/rad ¢ 34600 N/rad
me 490 kg J.o 390 kgm?
l, 2.1 m ¢, 34600 N/rad

ooon
_ T p_ T . _ T
a = [17 07 0] ’ b_ [07 17 0] ’ (il_T[Oa 07 1] (2110)
K = diagle,, ¢f, o], Hyr = (T7')" H,
my + Mo —mads mady

Mc = —m2d3 ng + mgdg —dJdy — m2d2d3 (2111)

mady —Jz2 — madyds Joo + mad;

1 1 1 1 h O
H,= 1|1t -t —(dp+€t) ,T'=10 1 0 (2.1.12)
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q.=Tq,, q,=[v(t), &(t), (1)]" (2.1.13)
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Fig.2.3  Tractor Front Wheel Steering Angle
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Fig.2.7  Tractor-semitrailer Combination Model with disturbance (Passive)
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Tractor

Trailer < > < >

Fig.2.11  Tractor-semitrailer Combination Model (Active)
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&@:q<&—wﬂ+%+ma@> 2.4.1)

er(t) + (£ — da)és(t)
Sy(t) = ¢, (@ - o ) (2.4.2)

0000 (21500 (2.1.1~2.1.4)000000000000000000000000

M,q,(t) = —v.(t)ab’ M,q,(t) - LHpK Hlq,(t) + HK (u(t) — ey(t))  (2.4.3)

v (t)
oo
’U,(t) = [5f(t)a 5T(t)7 5t(t)]T (244)

0 (243)0000000¢,()0000000000000000
q,(t) = A (1)q, (1) + By(u(t) — e(1)) (2.4.5)
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A (1) = —v,(t)ab” —

oD B,H!, B, = M 'H,K (2.4.6)
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q,(t) = Ap(t)q,(t) + By(u(t) — e(t)) (3.2.1)

B,H!, By= M "H,K

U’(t) = [5f(t)7 5r(t>7 5t(t)]T> AQ(t) = _Ux(t>a'bT -

vz (t) (3.2.2)
a=1[1,0, O]T, b=10, 1, O]T, c=10, 0, 1]T, K = diaglc,, ¢f, ], M, = TTM. T
my + Mo —mads mady

Mc = —m2d3 ng + mgd:% —dJdz — m2d2d3 (323)
mads —Jz2 — madads Joo + mad;
1 1 1 1 h O

Hy=1|4¢ —4. —(d,+4¢) |, T=]1010 (3.2.4)
0O O 4, 0 01
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2(t) = Hyq,(t) = Hy [u,(1), &(t), 3" Hy= | €5 —t, —(dy+ 1) (3.2.5)
0 O A

DDDDDDDDD@DDDDDDDDDDD&DDDDDDDDDD PAIPDDDDDD
00000 2¢t)000000000000O0O0O0ODOO0OO0O00OO0OOOODOOOOOOO0.

z2(t) = A,z(t) + B.(u(t) — e(t)) (3.2.6)

A, = —v,H ab" (HD) ™ — o 'B,HY(HD) ™, B, = H' M H,K, ¢ =0, 0, 1]7 (3.2.7)

00000000 B O00000M,O000000KO000000000.

0000 (326)0000000000000 B, 00000000 DOONOOOO,D
000 H,000000 2()00000000000000000000 B,OOOOO
00 A;,i=1,230000000000

1
Al == 5<(le + ml((]22+d%m2))(£f - h)2 + (dp + gf)Q‘]ZQmZ)

1
By = st dime) (b= 6 (o4 (dpth)*) Tamamat T Teama - T Jeama) g 5 g

Ay = det(B,) = det(HT M, " H,K) = (,0,((; + £,)2det(M, V) det(K)

n=det(M,)=J.1 2(mi+ms) + (d3.J.1+d7J2)mima, det(szl) > 0, det(K) > 0
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Trailer

Fig.3.1  Notation to Design Desired Trajectoyy(t)
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”)/di:tan l%ztan 1 5 P 5 ~ 5 L 2 = 2 L = 2 (332)
v2 — (dpé1a) re = dp = dp v2 — (dpé1a)
DDDDDDDDDDDDDDD’yd(t)DDDDDDDDDDDDDDD
w;, 2, v, 14(t
Lhat)] = L Lw(t)], (t) = ol (3.3.3)

§% 4 2wy Gys + Wi, vi — (dpera(t))?
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Fig.3.4  Trajectories of Tractor Front Wheel, (= 0.1, 0.36, 0.62)

goooooon
LHOoOoooOooDOooDOooOOobOOoOooOooOooooDOobooog
oOo0o0oo00ooDooO0ooDoOooooUooDoDOoOooDooog
gooboooon
(UUOo00oDO0DoDO0DOO0O0Ob0O00DOO0ODoDO0ODOOoODbOOoObOOoOoODOooOn
@4oooooooooDOooOdbOo0ooO0oOO0ooDOoDOoDbOO00ooo0ooDOooDOooDooDOoon
gooo
G)0ooo0bD0oDO0DbO0ObOo0o0OO0DOO0oDOoDOOobOOoObOODOn

03400000000 ¢, 00000000O00DO0OOO Manuverl D Manuver3 O O
oooobooobooobooobobooobOb0oooDbooobbOoob 340000
Uddg, 0oooobobobooobobbbbbbbbdodooooooobD
goboboobbooboboobboobobbodbbooboooboobbo
gogooooooooobbod g, 0 g, =036000000

03500000 ManwverlOOO v, = 90Km/hOOOOO0OOOOOOOODODODO
00000000000000 3.600000 Manuver2000 v, =90Km/hO0O0OO
0000000 Db00ooobo0ooobDo0ooooD 3.700000 Manuver3 OO 0O
v, =60Km/h000000000000000O0O0O0O0000OOO0OCOOO0 38000
00 ManwverdO OO v, =60Km/h0000000000000O0C0OOOOOODOO
00000000000 000O00000O0000O0 834)00000DOD0O0O0DOoO0OnOD
O0000o00o0boooooo390oooooboooooobooo 3.900o00no
0000000000000 0000000o0o0ooooooooooooon 3.5(c)0
e) 00000 Manwver2 Manwver4d DO OO ODOO00OD0OO0O0D0OO0O0O0O0ODOOOOO
gooooo39iboboooooboboooboboooboooobooboooog
gooboboooobobboooobbobooooobobbooooobobboooooboo

25



[m/s] [rad/s]
1 0.1
0 /\N 0
-1 -0.1
0 2 4 6 [s] 0 2 4 6 [s]
(a) vpa(t) (b) &4(t)
[deg] [m/s’]
1
0/\ﬁ b~
_] _5
0 2 4 6 [s] 0 2 4 6 [s]
(©) Y4(0) (d) apy(V)

Fig.3.5 The Resones of Desired Combination Vehicldatuverl, v, = 90Km /h)
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Fig.3.6  The Resones of Desired Combination Vehiclatuver2, v, = 90Km/h)
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Fig.3.7 The Resones of Desired Combination Vehicldatuver3, v, = 60Km/h)
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Fig.3.9  Trajectories of Desired Combination Vehicles

28



[1m]

1 1 L] L]
4I Maneuverl, v, =90km/h i
) =—3__,‘:_--_3—--—3—--:—
2 E'-_'d)— -
D 1 1 L L
60 70 20 90 100 [m]
[1m]
L] 1 1 L] 1 L] L] 1
20 Maneuver2, v, =90km/h /
15 B / -
10k -
f’l-,a/l‘— 1 L 1 L 1 1
70 75 80 85 a0 95 100 105 [m]
[m]
A4F T T T | —
Maneuver3, vx_z‘ 60_kd£n£ e — . . I ——
‘:,:‘#_
2 e .
CI 1 1 1 1
40 50 &0 70 go[m]
[m]
25 T T T T T

Maneuver4, v, = 60km/h

20F

15

10 .

/r

5 1 1
50 55

Fig.3.10

a0

29

65 70 [tn]

Behavior of Desired Combination Vehicles



OOo0o0o0o0o0o0ooooobooooooboobooobooboobobo 3i0bobOoo
gbobooodabbood

34 DO000O0DOO0OOoO0obOOoOooooon

341 U0O0OO0O0OOOOODOODODbDOOOOOODOoD

gooboboboboboboobobbbbbooddddoooooooooobbbobobn
gbbogoboguobbuobuoobbuodobbodobboobobodobboobobo
gbooogobogobuooboobbuoobbobbboobbuoobboobboobd
gbobobooooobobooooobobbooooboboooooobbooooobon
O000e)000000O00OO

eft) = [ea(t), ealt), es(t))”
— 2(t) — 24(t) + BHTe(1(8) ~ (1) (3.4.1)
zalt) = HlTopalt), éalt), Sult)"
DDDDBDDDDDDDDDDDDDDhme():[O,O,O]TDDDDDDDDDDD
gdooouoouoooouoouoouood o
oooooood B, 000000bb00ooooooooooboooooooon
00000 @29)000000000000D000000

e(t) = —de(t) + Q(u(t) — ex(t) — u(t)) (3.4.2)

p(t) = [07wi(t), O3 ws(t), BFws(t)] (3.4.3)

0000d00000e(t)0000000000000000000000O0OOOOO
000000000000 6;,i=1,23000000000 wi(t),i=1,2,300000
0Doo0ooo

)

p(t) = Q7! (zd(t) — A.z(t) — de(t) — BHT c(¥(1) — Aalt ))> — Qu(t)

wi ()" = [ws(t)", 6,(t), 0:(1)], wa(t)" = [w3(t)", 0:(1)]
T (2a(t) — BHTe(3(t) — 7a(1))"] (3.4.4)
Q'A,, cIQ7Y, o1, 013, 1 = [1, 0, 0]
0. = [clQ'A,, Q7' 091], 2 =10, 1, O]
Q'A., cIQ7Y, e3=10, 0, 1] J

00000 @42)000000000000O00DDOOUODDOOOO

~ T

u(t) = fi(t) + ey(t), Bt) = [01(t)Twi(t), Oa(t) walt), Os(t) ws(t) (3.4.5)

30



wWI)SAS pasodoad Jo weasei(q Yooig 11°¢€ S

1efronuo) aandepy | (D@
—p O (D@())2 70 - P %
(1)9 7 ] X
p|O (Da()a - " (e
(4)2 (1)2
0
[
— Iy |
+ ~ *
" — |' ) — ) /
b (D42
W)z sopmny |
uoneuquio) (4 ,
+ + () ()N + (pu
7 e
- 2, HY
(7)o —& + - (1)°A
ki SIPIIA .
wopemquio)y pawsad [ )7,

A0% 0% ") H=0)"z

31



DDDD@-(t)DDDDDDDDD GiDDDDDDDDai(t)DDDDDDDDD
‘/9\1(75) = _aggiwi(t)gi(t) - giwi(t)ei(t)a 9;:>0,a>0,1=1,23 (3.4.6)

—de(t) + a%&(t), €(0) = e(0)
ot } (3.4.7)

a®=kﬁ%%@%%®F=e@—
0(34.7)00000¢0«0000000000000000000000 (34.5)00
000 el0 000000000000 000000D00000000000000
000000000000 000000000000000000000000000
00350000000000000000000000031100000000000
0o0000oo0o0o0o0on

342 J0OO0O0O0OOOODODOODO

000000000000000 (3.4.5),(3.4.6),(34MO0000000000000
0oO0ooo0ooo

(003100000000 (3.4.2), (3.4.5), (3.4.6), (3470000000000 e(t)O
000000000000000 &) =pt)-at)00000000

0000000000000000 (3.4.2),(3.4.5),(3.4.6),(3.47)0000000000
0000000000

=«
6,(t

E()TQTIE(t) + e()TQNe(t) + Y07 g1 0:(1)765(1)
i(t) —0;(t), 1 =1,2,3 } (3.4.8)

0 (3.4.20 (3.4.31(3.4.5), (3.4.60] (3.47)0 00000000 V(1)OOOOOOOOO
000000 V@A ODOO0O0D00000000000000

/\
~~
~—
I

V(t) = —2de(t)TQ 'e(t) — 2a°e(t)TQe(t) <0 (3.4.9)

0000000000000000 (3.4.2),(3.45),(3.4.6), (3470000000000
Lasalle-Yoshizawal 00 ) 0000000 e(t)00000000 e(t)00000000
0oooooo

D0 A50000 (3.3.2), (33.30 z4(t) = H [vpa(t), é1a(t), %))’ 0000000
2(1)4(t), 2(t),(t), z(t),(1), 7a(t), 7a(t), %) 0000000000 00000000O0
00000000 V@ DO0000000000000 A30A400 (34.1)00000
z(t), v(t), 6,(t), ;()) D0 0000000000000 000000000000 (3.2.6),
(3453470000000 w;() 00000 w()0000000000000

32



00000000 p(#)0000000000000e()000000000e(t) =
—a’e(t)+Qut)000000p(#)00000000D0000000000 A30A4000
aﬂDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDEgﬁE@MT:
—e(0) 00000000 0Barbalatlemm&’) 0 00e(t)000000000000000
OD00p@)00000000000000 m

D000 o) 0000000000 e)00000000000000000 u(t)0
Ooo0o000oooo
e(t) = —de(t) + Qu(t) (3.4.10)

u(t) = p(t) + p(t) + ey(t) (3.4.11)

0 (341000000000 p)00000000000000e)0000000 é(t) =
—de(t)100000000000000e()0000000000000dO000000
0000000000000 e#)0000 (4000000000 (3.411)000000
0000000000000 00«()0006,00000000 w(t)=put)+be.(t)
0000000000000000000000000000000000000000
00000000000000000040000000000000 k(#)00000
0000000035000000000000000000000000000000
000000000 e#)000000

35 00000bOooooooooboooooog

0D0000000000000000000000000000000000000CO
0D000000000000000000000000000000000000000
0D0000000000000000000000000022002100000000
0 v,(t) 0 90Km/hO60Km/h 0000 320000000 6,(4) 00000000000
0000000000000 @3.34000000000000000000000000

a=158=1,d=1, g1=g=gs=1, {,=2.1m (3.5.1)

03.1200315000000000 «0000000000000000000 pO
00000 v,)000000000 &()0000~(¢)0000 p000000 q,(t)0
000000000000 3.12003.430000000 v, 0 v, =90Km/h0O0000
3120 000000000000 Manwerl 000000 3.1300000000000
00 Manwwer20 00000 3.1400 3140000000 v, 0 v, = 60Km/h OO 00O
03140000000000000 Manwer3d 00000 3150000000000

33



000 Manuwver4DODOODOO 31200 31500 000000000000 «OODOO
OO00000o00O0bO0bO0bOO0bO0bO0obO0DObO0bO0b0obO0bOO0bOobOoDbOobO
000000000000 0D00O 3.12(d0 0 3.13(dp 0 3.14(d)0 0 3.15(d)ooodo
00000000000000000000000000 a,(t) 0000000000
000000 «=10000000000000000O0

031600 3.170,«0000000000000D0DO00DODODODODOOO 3.1600 3.17
000000000000 00O000O000O00D0ODODOO0DODO0DOO0DO0O0DOO000O0
00003160 0000000000000000 v, =9Km/hO00O0O0O0O0O0O00OO
000 Manwer20 00000 3.1700000000000000000 v, =60Km/h
0000000000000 ManwerdDOOOO06,,000000 w(t)000000O0
(:)(t)DDDDDDD 0,0000000000 ug=—v()€(t)+2(t)+by()DDOODODO
0000000000O000O0 31600 31700000000 O0OO0O0O pOOODOO
o0b0o0ooObo0O0bOO0bOo0obO0o0ooOoobOoObOo0oDODOoUooOobObOOobODbDOoDo
00odboodbobdb0De=100000000000000O0D00DODDODODDOODO
000000000 bOO00O0O0DoOooooon

O000000o0oooooooooooooooooooooooooooooon
0000000 31810 3.2100000 3.1800 3.190 00000 v, = 90Km/h OO
000 32000 3.210 00000 v, =60Km/h00000 3.1800 3.20000000
000000000 ManuverlManuver3O0 OO O OO0 3.1800 3.200000000
00000000 Manuver2O ManwverdODOOODO0ODO0ODOODOOODOOODOO

0 CasetrCaseql1 0 00O
Casel:J00000000DODOOOOO.
Case2:my = 490 + 200kg, J.» = 390 + 160kgm?

Case3:m, = 490 + 200kg, J., = 390 + 160kgm?, c; = 24400 x 0.7N /rad,
¢ = ¢ = 34600 x 0.7N/rad

Cased:my = 490 + 200kg, J,o = 390 + 160kgm?, dy = 2 + 2.7m, ¢, = 2.1 + 3m

Case5:my = 490 + 200kg, J.o = 390 + 160kgm?, do = 2 + 2.4m, £; = 2.1 + 3m,
cp = 24400 x 0.7N/rad, ¢, = ¢; = 34600 x 0.7N/rad

0 3.18(a@d)0 0000 v, =90Km/hOD O OO0 000 3.20 Manuverl (D 3mO 00O
00)0000000000 PO0OO0 v,()000000000é&(), 000 ¢ 00
00000000aq(t) 00000000000 3.18e000000000000000

34



[m/s] 10 *[rad/s]

6 [s]
_05 1 1 1 1 1 L
0 2 4 6 [s] 0 2 4 6 [s]
©) Y4 (d) a,—ay
Fig.3.12  Tracking Performancéf{anuverl, v, = 90Km/h)
[m/s] 10 [rad/s]
0.2 4
()(.72 =15 o=15 o=2
/
0 A VAVAVA TATA4 0
(X:] Oc=1
-0.2 : : : -4 : : :
0 2 4 6 [s] 0 2 4 6 [s]
(a) Vp~Vpd
[deg]
0.5
o=2 o=15
0
-0.5 \4\7\_‘?
0 2 4 6 [s] 0 2 4 6 [s]
(©) Y4 (d) ay—ay
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Fig.4.3  Notation to Designy
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0000000000000000 (441600000 (44.17)00000000000
000000000000 (441300000 (44140000000

443 00O0O0O0OOO0OOOODOO

000000000000000 (4.4.15), (4.4.16), (4.417) 00000000000
000000000000000

[00 4100000000 (4.4.100 (4.4.15), (4.4.16), (4.41T) 0000000000
e()00000000e)00000000000006WEH 00000000000
OO0 O(t)=60(1)-6@r) 0000000000000 0000000000000
00000a>e>0000000000000061¢¢#H 000000000000

16 €D < do. for 0< < 1, } @.4.19

1O®)T&(1)|? < et dy, + a~ldys, for t <1t

000000 40 ¢ =a2In(eata*)0dy,i=0,--- ,300000000 00000
00000000000 0

000 00000000000 (4.4.100 (4.4.15), (4.4.16), (4.417) 000000000
0o0000o0o0o0o0o

V(t) =0(t)Va(t) + Vo(t) + Vg (t) +2p,Va(t) (4.4.20)
Va(t) = e(t)"Q"e(t)
V,(t) = e(t)Tcgjle(t) N (4.4.21)
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Py =Va(0) + \/ V2(0) + - f3a4 Ve(0) + Ve(0) + V5 (0) + 1 (4.4.22)
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Fig.4.13  Variation of reponses faf, = 6, 18, 80
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Fig.4.16  Tractor-semitrailer Combination Model with disturbance (Active)
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