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Nonlinear Longitudinal Control for Heterogeneous Connected Vehicle

Platoon in the Presence of Communication Delays

LI Yong-Fu' HE Chang-Peng' ZHU Hao' ZHENG Tai-Xiong'

Abstract This paper proposes a distributed nonlinear longitudinal controller for the connected vehicle platoon in
the presence of communication delay based on the third-order model. Firstly, the third-order based dynamic model
is used to characterize the heterogeneity of a vehicle. A new nonlinear controller for connected vehicle platoon is
proposed in the presence of car-following interactions and communication delays. The proposed controller not only
can ensure the consensus for vehicles in the platoon in terms of position, velocity and acceleration/deceleration un-
der the influence of communication delay and vehicle heterogeneity, but also effectively avoid negative spacing er-
ror and unreasonable acceleration/deceleration, so as to guarantee that the behavior of vehicles is consistent with
the traffic flow theory. Then, the stability condition of the vehicle platoon and the upper bound of the communica-
tion delay are derived using the Lyapunov-Krasovskii theorem. Finally, the effectiveness and stability of the pro-
posed controller are verified by numerical simulations.
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m) , I8 SCATT SRR I 1E {8 bR AL
g(z(t)) = " () Pi(t)
2(z(t —1%)) = 2" (t)Pz(t) +

S [ Fwuama

Horf, e A RE I R RE R
M5 (30) ML (31), 512 2 &A1 (8) LA

e, B
g(z(t)) < V(z(t)) <2zt —71"))

X (30) SRF A1

V(z(t) = Z'(t)Pz(t) +

(31)

(32)
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3l (26) AN (33), 43
V(z(t)) =z (t) (STP + PS + i Mn> Z(t) —

n=1

Z(t+ s)ds —

PZH /
_Tn(t)
i thp

)My (t — 7(t))) (1 = 7(t))
(34)
*E?E IKHE:KL A, &E%ﬁ ki,wa ki,p %n ki,v, 1%?%"%5
[ S & Hurwitz #7201, HARYE Lyapunov #ig,

STP+PS=-Q, i, P, QRIEEN, P= e
st TR RS I IF e e =, A7

20Tc < a"2a 4 TE7 e (35)

ES s A o' =7"SH,, c=
i I

28" PH,z(t + s) <

#' PH, P~ H,P'z + &' (t + 5)Pz(t +5) (36)

MRAE R (36), R (34) TLAKIE N

V(a(t) < —z"(t)Qz(t) + 2" (¢ ZM 5t
iTn(t)fT(t)PHnP‘lH,fPng(t) _

m

o )
Z [T o ' (t+ s)Pz(t + s)ds —

n=1

ST (@ — () MaZ(t = Ta(t))) (1 = Fu(?)

(37)
FR¥E Hadamard A2, &
f<oz+ﬁ) _a/ f@ dx< f(ﬁ)
(38)
Al (37) IR iR oy i — P 4k, DL AR

NIERS 1 L n] 15

V(z) < =27 ()Qz(t) + z"(t) Y My(t) —

NE

[T*xT(t)PHnP—lH,{PTx(t) +

i
L

*

B

(T (t)PZ(t) + Z(t — 7, (t)) PZ(t — Tn(t))):| —

[

(ZT(t — 7 (t)) MnZ(t — 70 (1)) (1 — dy)

(39)

— AN HT R ZE AR M B e(t) = [2(t), T(t—

), 2t — ()], ¥ (39) EE N —AHH
IR

3
Il
_

V(t) < eT(t)Ae(t) (40)
A,
A1 ON><N 0N><N
Ae * A2 ON><N . (41)
* . Onxn
* Am+1
Hrp,

=-Q +§m:1 Em: % [2PH, P~ H! P" + P]

Ay = —%P—Ml(l —dy)

Ay = flp — My, (1—d,y) (42)

FR¥E 5B 2 74, PRUESE I 5 48— EUinin fl‘i"m

Mize s & A €. T r, <1, Vn=1,
Kt n =2, m B A, €. HIk, 2, ﬁﬁzﬁa‘,
A RSUER]. B
32 M. —Ql|
7_*< — n=1 (43)
| 32 [PH, P~ H PT + P /2]

n=1

(JA\%“&TEE)- N FAEBIER 7,(t) < 7*n=1,---,

m. % Tn( Y=0(n=1,---,m), T z(t) = Sz(t)&
WL FRE R (S A& Hurwitz £252). M 51HE 1, nff5:
hmHoo [B:@)]| =0, limy o0 [|75(£)]| = 0, limyoc [l
@)l =0. O

F 4 W NEEENET O 2 KRG
EVES T, BT 51 HE 2, @i & Lyapunov-Kra-
sovskii ¥Z B (30), Higi 251 B 1 24 (8), t—H
4 Lyapunov #ig il Hadamard A% 0158 R4
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(RIAE I b 2% Ak vo(0) m/s, a;(0)=0m/s*, i=1,2,--- ,N. IAL%E
) B 0<7(t) <7*=1032x10"2s, H, 7 KTl
23 BRI U IEEES02.11p -k Il GBI 7. $3051 38 24
EX 2. WERTEAS RGP AP R MIEE g e amst gy s 8003 1 Fior.
WA T K & - ‘
’ BG) | _, ay B PIF BASIRIMEM THTE S
Eia(s) o S IEATARIA R (46) T4 FE AT e, BB 24
P, Bi(s) R i 50— | RRBERZE, MRS WIRaI 20 5 45 S AR A ), 72T A TN R,
BB Seit R 3XRaE M (String stability)?. K 0.03 s ER L, SCHR [16] B 5 F K S
W ZE A Eh Sy R (4) RidE s (13) BEATHL  SRPEHISE (13) VB RO AL E . SR L i B A i)
Whr A, FIN 5 REE (BEENRA),  FERZHIME 3 ~6 Fix, Fid i 2 E i w0,
BB 7 VN R G EAE L, 280 73 ml 45 vl,--- T 73 AFRIR Vehicle 0, Vehicle 1, - - - , Vehicle 7.
Si(s)ds_y 8 3 R E B, 1 3(a) LU 3(b) ~
Ei(s) = Ti(s)Biea + U5) i) it A T (5 RSO [16] e
ot To(s) B Si(s) M0 20050 Al ST AR B BOASCIRIRISHI5S (13) (MRS, ABI BT A %6
T B, B MO EUH 2 T (jw) < 1. RRG S (R A T O I AT B, 375 S 2490 sk Al
e RS I\ B A7 R AR R T2 1 22 4
3 {ARHNE 4 BB A R . 3T 4, 4
KA IR B (13) 508k [16] Bblaesy  SHSUEIASEEE, TSN 3 AW B ik, ST
WI7E PLF A TPF SR MM BB B TEMASaE s ARG, 75 S0k [16] 45 58 J AR S B 414 o) 8
FIFAERRK 0.03 s I UL T HEAT XS OO ELSEe,  (13) MR, BRI 25470 B e P Bt T 1) 5 451 5
UUE T R S 0 AP EAUB SR IR T IO 50 [ 4(b) AN 4(d) RUIAELEE LS N
AV BRI N = SHRYE (1RSI R T IR RSN, SO [16] R R TR R (S SN
B 4) BN SRI R R LRI — T b i, e RS P A e By, ELIB A AT
PR =440 m, Hob, 1€ (0,1). FEBHEL ok, 72k g sl th bk, W S5 502240 BA
REAEA RO S AR LB BOE N gy poR g 47, A SOIFHREE 2558 T @ fsaEnt
po(0) = 150 m, FELEARIIPIAGLLEL p(0) = (126, 105, yyjiipriiips, 24 T MU AEN 7/ RO AR L),
83,64,43,22,1) m. W EMUEFLIA (46) s 5 S . 1 5(a) 1 5(b) WA, 7EDM
15 m/s, 0s<t<l10s A B, SOk [16] HOF R 1 R BB R
154 s —pom)s W0s<t<dss BRI LT m/s HLIRBEZERN L 5 L3
vo(t) = 29 m/s, A5s<t<d8s ﬁ%ﬁﬁa‘ﬁﬁﬁfﬂrﬂ, BKEEEN 0.03 s EET,
7 T FEE S SR FEE 5 K40 0.5 my/s” . T 5(c) A 5(d)
15+ T o /s, ik ] A ST AR 28 1 T BRI 2 5 ik PR
(46)  EA 1.0 m/s>, EEASEMEER 0.03 s BT,
L 5 0 0 0 AT 0 N 0, (0) = BB ZE ISR f LT 2 S RO T A ) 2
X1 BHBSH
Table 1  Controller parameters
ZH LN L:<R [y e LI <R v
I; Ih =41, lp=4,13=42, 1, =45, l5=43, lg =48, Il =5 m gs 10 m
. 71 =04, 779 =0.55, 773 =0.32, 774 = 0.44 , . hes 08 X
" Tr,5 = 0.38 , 706 = 0.51, 71,7 = 0.29
Ei w 0.1 — Vi 0.675 m/s
Ki,v 0.9 — Va 7.91 m/s
ko,p = ki,p = 0.8, ko, =0.28, k3, = 0.32, B}
Fip kap =019, ks, =018, ke = 0.176, k7, = 0.176 o = 0-13 m!
* 10.32 x 1072 s Cs 1.57 —
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sINyxN  —INxN OnxN
det OnNxN  sINxN —INxN =
YK:  TK:  sInun+T

det (s*Inx N + SPInunY + sINx N YK + TK;) =

N
H <33 + 827',1_1; + 5777;01- + 7—;1#1)

i1
RSB 1, A 1T R D1, D2, D3 N

Dy = TT—;

Dz =77} (Re(6;) — (Im(6,))* — Re(us))

Dy = 77 jRe(;) (Re(6:))? + 7 1 Re(0;)Im(6;)Im(p1;) —
Tt (Im(p:))? — 2Re(0;) (Re(u:))* —
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ki,w > 0, kiyp >0, k:i’,u >0, H D1, D2, D3 y}jj\jﬂz 5 ( ) e—ST* < ’Hko,us ot
s) = _ - J
! T+ Hko, 0 1+ Hkop °

iR B )

ST Shl,O
T3 ko 0 T T kg N0
HRYE 258 1 A8 R (4) W] 0,p 0,p
pi= —T;,iaxt) + T;;ui(t) (B1) 1[4, 1 N

11 Hkop | s | (14 Hiskoo)s *
XF (B1) #E4T Laplace 284t L(-)

7 0 ds
Xi(s) =Hi(s)Ui(s) + IT() (B2) Ey (S) =Wh (S)Xo(s) + 51( 0.1 (BIO)
HH, Xi(s) = L(pi), Ui(s) = L(w;), Hi(s)= %, o, a1 (0) = df g = —d5
Tr,:82(s + Tr )
z;(0) NFIUH A, LL PLF 1845 # R , MAEL IS IES =TS — Hkons + sT + shy o
. Wa(s) = =0, : (B11)
G sEAaE L. Hkop+ 1
IR (17) LRI e, B @2 = S50, (I + g2)-
Wz dos L AR
PG 28 u; i Laplace 284, Si(s) = — 1 (1 + 1 ) (B12)
M =1, Hko,p +1 s(1+ Hisko,v)
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