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Abstract: In this paper, the control problem of truck platoon on unstructured roads is studied, and a controller based
on cascade-trigger is designed to effectively improve the performance of the system under complex working conditions.
Firstly, a longitudinal-lateral coupling truck platoon system model is established, which is independent of road structure.
The model involves the influence of vehicle faults (including actuator, sensor fault and stochastic network fault) in complex
environments. Secondly, in order to reduce fuel consumption, a cascade-trigger controller based on self-trigger and event-
trigger is designed, and the closed-loop stability of the system is proved by Lyapunov method. By analyzing and quantifying
the Zeno behavior of the system, the lower bound of the trigger time interval is obtained, which ensures the practical
application of the algorithm. In addition, the proposed controller is complemented by additional constraints to achieve
string stability. Finally, the simulation results show that the proposed controller can not only ensure the individual vehicle
stability and the string stability, but also reduce the frequency of actuator update and improve the fuel economy.
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PEBEAT 73BT, AT TR 2R B R R GEHIZAFI A
FIRSTENEREAT 70Hr, SEIHER] H AR 2).

R AT R AN SN r R e P, W Eo; = 0°, fif
FERNIRGAFATRE. 3 — D15 30 22 DAAH B 450 2 8] R 24
[HEEBPRES B ANTE(L) = —vi(t) + v (8), FEHIFIA
Au(t) = a;(t).

B HFR 2) FREE R ZE R E OB, I3 2L K
THEE IR ZEM A

Yi(t) = ai-1(t) — ai(t), (29)
2 @R B R EBAI R G i R ARG 5]
HIANN

ait) = K (1) + Kief(1) +
Lyai, () + Lz, (1), (30)
K RGOMRN B2, 56T BE B4 72 (1) 7 F2 vl B
HEH
Yi(t) = kﬂ]i—l)xfil(t) + kﬁi—l)xil(t) +

Lyaity(t) — ke (t) —

kel (t) — La, (t) =

ki (t) + L™ i (1) —

ki (t) 4+ Ky (). (31)

H T AR 3% BRI 22400 R FH AR [R) 42 2, BRI oRe
RAaEhla g — ko kR Lo,

XFRG BT R, 135

" R
Gls) = ’y?ii?s) - 52[; lj’h—g ﬁ— kR

TSR AL, 53] 7 LU KT ARSI RS E

(ERIIE7

(32)

B3 RERFIUIRELERL(B2), #TALE
fw > 0, |y (jw)i— (jw)| < 1, WHF LT %
A

k™ >0, (33a)
kR <0, (33b)
(k*)? — 2k% — (L") > 0 (33¢)

i 4%k, 4G (Gw) S ML IR
(Jw a

G e
Horr:

a=(L")w + (k%)°,

b=w'+ 2k"w® + [(k™)* = 2k% — (L™)*|w’—

Ry
B oa > 0, WERAERZ IR E, R 2
[vi(Gw)lyi-1(jw)| < 1,

HFFUE Wb > 0 B ], AR 45 20(34) mT 0, 4 2R 2 2%

f4:(33a) (33b) (33c), M AE IR 2 ) 15 3, X FAER A
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Gjw) =

5 ZenoAT AT

ZenoAT e TR AE Ml A=, 75 BRI [R] Py &
A TERR I R B SR, SXFe A A S s ZE A il ik 72
HRORANTTSEEL 1. ST R 4R B\ A R G B ZenoA T
A, DT e L

E4 T2 QM EEB I R B19)
ST AR E 1, HH 2490 2 (945 8 Il R 26 1
i, Hofd A IS ][RI AFEAEIE T A T > 0, WA
Toim = —— In[1 + _Giailzi(®)]

a1 Pi(xi(0f), zim1 (o)), eima (£)+
axille:(n;,) |

B

(35)
Hor:
ari = || 4],
Wi (i (03) i1 (04) e () =
az; (2; (0})) + @z (-1 (1)) + asi (2o (0,71)) -
as; (x5 () = Il (A (o) Il
azi (€i—1(t)) = ||BiBipaci Knea| | Miei—1 ()] +
[ Hiei—1 (D),
Qy; (371‘—1 (a,i_l)) = |8i Bipaci Knesi || | Mz -4 (Uzi_l) I+
(1 = B:) BiLillllzi (o) I+
[ Hiwioy (o37) Il
WEBE RS2 SR [8].
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Fig. 3 The truck platoon system on straight road under

proposed controller
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6 The truck platoon system under proposed controller
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Fig. 7 The truck platoon system under controller in [7]
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