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Abstract

Based on the multiple front vehicle velocity difference car-following model (MCF), and by consi-
dering that the velocity information of multi front vehicles can be obtained t, time in advance after
the vehicle is installed with V2V equipment under the environment of Internet of vehicles, an im-
proved multiple front vehicle velocity difference model (named MCF-CT) is proposed. Firstly, the
stability condition of the model is obtained by linear stability analysis. It is found that the area of
the stable region enlarges obviously as number m of vehicles and the advanced time t, increase.
The ratio of the area of the stable region from attains to 89.03% (m = 3, t, = 0.75 s). Secondly, the
density wave equations—Burgers, mKdv, are derived, by using the reduced perturbation method.
The solitary wave solutions of Burgers and the kink anti kink wave solutions of mKdv are given.
Finally, numerical simulation results are given for the MCF-CT model and the full velocity differ-
ence model (FVD) in the case of an emergency in which the distance between vehicles is reduced
by 5 m. It is found that collision can be avoided for the MCF-CT model as m = 3, to = 0.3 s.
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AR, AR ERAERIPEIG N, AOEFHOERR 2 0. BB OSSR T ™ HA
AT =45k . R RAC RS, BBy HE YR T AR . B B, 8. B ikl
RIVKIE, BREASEN SR R ET WL, Hlah R 7Bk 2 MR e, H&RAmBhoiae, 4
W BOKAT . %525 HEE(Vehicle-to-Vehicle, % V2V)IBEREEARLE, 2258 V2V WA 480 aT LU i+
FARER 7 EAFAT SR A B (G, FIRBESE), 200 5 AT DU BD V2V I8 TR % SR b0 20 AT 42 1)
ACIBATIRAS, WITECHPER B LS AT, AR TR Rk, REACIE 24

7£ Newell Z5E[1]42 HER ALY f5, Bando %5 [2]42 H (1L 1614 &2 (optimal velocity, f&#R OV BAY) HA
HITENA. WE, BEESEERE T —RPYE OV HA3] [4]. Jiang Z5[517F GF BAL SRS, i
177 ok, 25 REH 20 A I I RN, B T 4l 22 (full velocity difference, f&jFK FVD)IEAL . 7E FVD
B A VP 2 B R A ENEE, FIRESE R — RV REEAL6] [7] [8] [9]. A HI¥E%
R L S 2 PRI S AN 2 S () B2 17 738 PR 5 i AR B 2 4 25 b (1 1 L T SO R [10] [11]
[12]. AW 5 RS 5 P AR A B R, 48 H oo 10 2 I EE PRI AL [13] [14]. FEBEILAAL(E B
RETFBAWMGE, A 12555 EAMKY I RS (CPS) L. V2V I8 T ek A [15] [16] [17]. Li
S (18] %o AR AR B AL e SRR 2 A 2SI, @S T — N R RGO . Ge Z5[19]5 FE 2 3 A
SXoF - 22 T SRR g S R Tl s ) B AR, AR T SO R PRI . VSR R S [20] 75 1 Bk D1 B
ITS R%t, RH T % EAFE L 5 428 5 2 L E N A IR IR (multiple car-following, fii#k MCF), 5 FVD
BORAR LG, @ FRR o b 5 5UE 07 R B A @ A 1 — P B EH -

BEE B RS ARG (ITS) M A ARIN H, 78 V2V SREI T, 2238 V2V B4 1K 2250 0] LS 3
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LB AT A S, RN AT, IR EEREARE R, IR DAE— e AR A R ERAT IO A 8
WAL, TR SRR . X T End AT B AT =, V2V B m] DU 20 B2 3 57 i i P
RO J7AT B0 0 (2040, X AR, oD A R AR B B .

FEASCHT, 435 MR T2 B RE P05 240 SR At ASE 7Y POt S R g o B8 sl 22 4 I 9 » BT MCF
B, FrRs i OEd V2V B TR AT t, N 203095 2 R0 42 10 B2 A4S B0 BRI AR S, 3R MCF
9 R (Multiple car-following model considering time, MCF-CT). @it £k Efa e 771, 204 MCF-CT
BRI R E N, @ IR BRI T 2 i G B ZE Y, 3 S FE U U7 2 ——Burgers J7 2. mKdv
TR, s HUE RIS IE B A EE, I b B R A A
2. IRERIRN

1995 4£, Bando Z£[2]42¢H T un T AL R (optimal velocity model, OV):

dv_(t
V;—t() = a[[V (&%, (t)-v, (1)] 1)
Horh a R B0 CE BB RIS I BURRE v, (1) 58 n FRZEAE t I BRI,V (Ax (1)) ATEA
THEH 2R 3SK IRy Ax (t) B AT 3 SO VR 10 BRI T
2001 4, Jiang ZE[5]#EH T FVD B8, HGFEWF:

W) _aly (ax, (1)) - ()] 24, (1) @

dt
H, Av, =v, (1) -v, (), a BREIRBURRE, A RN 21 R R
2009 4F, FMBIEEE[20]15 8 2 IR (MCF), 25T e

dv, (t
% =a[[V (A%, AX, -+, AX

He#, m<n, H
\% (Axn ’ Axn+l' T AXn+m—1) = plv (AXn ) + pZV (AXn ) +eet pmV (Axmm—l)

G(AV,) = QAV, + 0 AV, +---+ 0, AV,

Vo (1) ]+ G (AV,, AV, 1+, AV, ) ©))

n+m- l

n+m-1

o p RS VA A SRR BT b L N AR BUE g 9B LA SR |+ LA 4R (A P 22 BT o P ) R K

A RIS R N F
2015 4F, Li Z5[9]75 25 3 G REWEIC AT A t, AV IS 420 5 2 BT I 20 1) 220, 4 H 7 ATl 5 ¢, Dl
TR (1) PR ZE AR
dv, (t)

=L aV (6, (6) v, (0]+ 2 v (0) v (1) @

B, AZMRLAIZ0E T (t—t,, t] I IR) B s AR I S AR A I A
2017 4, BRBEMEERLIFEAI AR PEE R, R (t—t,,t] NHBEBESAL, 45 1B ER gAY .

dv, (t 1t
Vd_t():a[v (Axn (t))—vn (t)}+/1 v, (t)—g i Vo (t)dt (5)
Hrp = j v, (t) ot 7325 Bt 5% 5%k 1o (i ZH | EESHE ) .

73? [ G N DSV S 1 Brab kB A | B e TS S T N o e o O N ¥
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MCF 5 84 (3) i =il B 5l N V2V W& B2, it 2538 5 e il V2V A& 52 Al t, SRELET 77 2 24 0 4250
BATIRA, e LA BRI, AN B . T, SRR

el nivia mH<m—ﬂ%§D}M{in(M§+t» “ﬁ;“ﬂ} ®

1=1

Heh1=12--m, m<N, RAEREREGEDCY CHR[21]0TE

V(Ax, (1)) = ";X [ tanh(Ax, —h,)+tanh(h,) ] @
ﬂq:‘ ’ hC %ﬁéﬂﬁ%o *XE%_%%& p| 3 q| ﬁﬂ_l::
_p—ll for l=m q_—ll for I#m
m p m q
zp|!p|: ZQUql: 1
= — for I=m ™= — for I=m
qa

Hop 28GR SEEEM RS, o NI HESE |+ LR 2R S ER RS, p M
0, RBLE 3 55 /T AN R RS L. n AZEIE R AR, mAEET TS EHE.
NG, KRR (6) % 5 8 MCF-CT #7,

3. RMRREMES

A4 PR e R M 750 HT MCF-CT R (B) 0 Rt
(B A ST R T 52 AR A, DLBRE (0 %5 Sk 11 h 7R AT, FLFTA it
FFIR SRV (h) . TUFE % n 2RI B XO (1) A

x? (t)=hn+V (h)t (8)
HAE N ZI S SSE RGN — N/ NEBD y, (t), WIAERSD T n I 2058 n §5 4 AL E X, (t) a0 F -
X, (t)=hn+V (h)t+y,(t) ©)

F(QRRN@O), BHLEFK TR y, (t) 0 F I 2
¢ 00) {imv1> (0 NW(»}%[Zq[(wMH%D_NwMUUI W)

= dt dt dt
d(v (4%, (1))
H ' = ~ 77
/\EPV (h) d(AXn(t)) o
4y, (£) = €™ {7 ER(10), B B T
|:Z P| ( ) ( |Ik |k(|—1)) :|+ 1. |:qu ( |k|+zto e|k| ):| (11)

o z=7,(ik)+ 2, (k)" +-- o A 2 FIBIFRACNL), FFORBE ik HO% =0, 13

3
M

PV Gty -2)(v ()

a

REIm T gk 2 2, =0, BIA:
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m

a=(2(1-2)v'(1)/ 3 pr-(2-1)

=1

Mas(2(1- 2,V (0)/ 3 by (21 -1) B, SSEIR ARG TR RA 1124
1=1

(12)

a< (2(1—/1t0)V’(h))/ Y p (20 -1) B, SCBFGE TR, AT — AN T R Rl
1=1

G EILEib

Hm=1t, =0/, HAE)BUA OVM A, HimFiHhzka =2v'(h). Hm=11f, it >070/15,

a=(2(1—/1t0)V’(h))/i b -(21-1)<a, =2v'(h) . EVHIFIZERIGE . a MG IR b, #RsE (K

BITH . IR, Nt KBS, 2(L- 4t V' (h) RERA, B3 p-(21-1) SERIER, el i 2
1=1
Tt =0 B 4 2 PR .

LRI ST KA, s XA B ke s = R qomg

m=1 t,=0ff, S=66.83%, X 1m=3t, =00, S=8244%, ¥ m=3 t,=0750, S$S=89.03%. 1J

UL, MCF-CT #i%!(6)#2 5

3 ey 3
Fx o [-e-ov ~~4e—~ MCF-CT(m=2)
4/ \y |—Ho=0.2s ——1[0]=0.25
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Figure 1. The stability curve of MCF-CT model withm=1and m =2
B 1.m=1, m=20H MCF-CT #RIa0Fa E sk

3 3
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Figure 2. The stability curve of MCF-CT model withm=3andm=5
2.m=3, m=5ATHI MCF-CT 1R 8! fy52 = #hik

FaEXig. FEAmM=1 m=2, m=3, m=>5K Kt th & K14 .
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B 1 ME 2 FRORTEEFE T V2V ISEMRIZ 1 4 1 4R IR, ASIR] ¢ T il 5 ih 26 W2 (2503, FE IR
Frihgk LT MIXI, ASER ST IER R E, A mMBSEME IS MR R LN T, il
WHISAT X AR, WL B, M Al I ELR . Fealth, 2t BHARN, Fa5E X
Wk, SRS AT A RE T AR . WELE EIE, BEE m (TS 4 Mg, SOE AR S s ns
€, HREEmM (340, WREEENGHEE LM SEMEE, XHADIE AR T &
EOR, S, =0.75s Ja, AIE 4w, WT LR B2 RS HT T AR I RE A AR m AR AR E XK, 2
m=3 m=5i, MNMEHLILFES, FEAZSET, WNHERTT =% m=31 MCF-CT #Mz;
BRI (LI 3).

UK ZREU(1/s)
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3k 8] B /m

Figure 3. The stability curve of MCF-CT model with t, = 0.75 s
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¥ (14)F(15) RN (13), it Ze A &° K, 1330 T ALV 77 7%
g{aip,v’(h)axR—abaxR} KaZpI "(h)= (2I 1)+;thI t,b? - sz -0%R—ad R} 0
e =dV(Axn(t)) d?V (Ax, (t 2)
d(ax, (V) |, _, d(ax, (1) |

=V'(h), W% e B IRIUGE, #(15)AL -
’ m _ ' 2
[Y%;QEZg(m-4)+£E&$2§Lgnl}aiR—aTR:o

1=1

R, &R v R
= =7 a R_
Toer X X2 ox K

V'(h)=

HI 2 MRS E TR 2 AF -

AT, (ERARE X A
—V'gh)ip.(2|—1)+—(ﬂ°_1)6(\v'(h)) >0

1=1
EXH, (16)/2— Burgers Ji %, "E—M#EN:

1 1 1
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xtanhL[\/"%h)'T {V E _1)+WJ(UM )X =<, )]

1=1
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(20)

Horb, o, ZORIEE x BRI, £ RORBIBHTRIAA R b=V (h) 2 = AR R L . =M Bi
XA G ARAT DT TR A e A4, 24 P AR ERE Ny, M RE RN . i m=1, t, =0,

R (6)iB Ly OVM #iAY, i
1 1

Rl(X,T)==F7-——T;r[ ;(nn nnd)} 2 (T (Thaa =110
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X =g(n+bt), T=¢%, (21)

Hrb ARFESH, 5=1/ac/(a—1), 0<e<l
&SN LR
X =h +eR(X,T) (22)

¥ 1)AMQEYARN(3), FIHEMEIFRE L BH, HBW T AL MM T2
[Zp, "(hy)- }aa R+¢é [aZp, "(h,)= (2I—1)+(/1t0—1)b2}8§(R
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1=1

(0,RY’ —aaTR}
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m 1 t,’ t?
+&°%|| a V'(h )—=(41° =61% + 41 =1} + 2 AIb* + > 1b* |6% R
& ( IZ:;Q (c)24( ) 2 6 J X }

+g5:aV:(h°)gp,(2l—l)(62 R)' +2b(1t,~1)3,0 R} 0
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e Vi) == () oo vr(h)= d(ax, (1))’ .
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Ry(X,T")= \/_tanh\f(x —cT') (28)
KH o RFRLIREE, %TH@JC, Ry (X, T") 5 2430 /2 AT AR AR (11000 °F
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Figure 4. Velocity diagram of FVD model
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