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Abstract

In this paper, the car-following model in the unmanned driving (UD) environment is studied. Based
on the two-velocity difference model (TVD), an improved car-following model (BL-ATVD) is pro-
posed by considering the influence of the rear view effect of the driverless cars and the accelera-
tion information of the preceding ones on the car-following behavior. The stability conditions of
the BL-ATVD model are obtained by using the linear stability method, and the expansion and pro-
portion of the stable region are analyzed. Burgers equation, mKdV equation, and the correspond-
ing solitary wave solutions, kink-anti-kink wave solutions are given by using the reduced pertur-
bation method. Numerical simulation results show that the BL-ATVD model has better traffic flow
stability than the full speed difference model (FVD), and the stability is strengthened by the reduc-
tion of the apparent effect weight or the acceleration sensitivity coefficient of the preceding ve-
hicles. Therefore, the BL-ATVD model is suitable for describing the car-following characteristics of
unmanned vehicles.
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FAH AR R RS B A B S A R M, TR S I ) 2 NS AT LB . ZE SR Ot M & A B
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Figure 1. Neutral stability curves of BL-ATVD model under four models and combinations of different parameter. (a) Neutral
stability curves of the four models; (b) #=0.1,1=0.1, p change; (c) p = 0.9, 2= 0.1, B change; (d) p=10.9, #=0.1, A change
E 1. MR ES A S TH BL-ATVD R b 413 E Lk . (a) MUFRE R ERZ; (b) #=0.1,4=01,
pEWK; (c)p=09, 2=01, pTk; (d)p=09, =01, 1K
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H, = J'Xxlz(4p—2)[(1—/1)(2p—l)sech2 (x=h,)-]dx (20)

Hrbxe[1,7], h =4, B ETRX « x, 720530 i A e P 26 55 22 Sk 8] B 48 ik (1928 s AR AR [13]
B Matlab g A% T 545 2 A [\ A A () £ g IR AR L LE 30N 6, =T7.89% 5 &(ryp) =82.94% ,
Eoivp) =89.72% » &g aryp) = 92.33% o HIMLRIIL, 25 85 MLASURLRI G 4= ik FE A= S 1) BL-ATVD BB
AT E PERR LR 2 1A BTt

HIE 1b)~(d)mT a1, 2% p. . A WA E M. BRI 1 fiR.

Table 1. Influence of parameters on the stability of the model (7)

* 1. SERHRE(T) IR E AR

B SH [ 5 P 2 5 5= SHOSRE KR HiE
NN B A Rz X A3BH p (/N T 3K pe(057]
NN p. A R X I B AT K B>0
NN p. B T X S A (KRR TR K A>0

4. BL-ATVD =& A93EL M 53 A A HR ALK

FEAHTTR, ARAR L LA MR s P 26 e TR s 1 2 4 ST B X BRI AR
S, i LR S BL-ATVD BURAE AR I X B0 A e e e BRI S, AT 447303
VI PIE R RHLIE . BRI T 00, AT 5 P AT 45

AT HEITE, KHT)ES -

d* (A%, (1))

dt?

dAx, (t)

:a{ﬂM4A&HOD—VdAM@»]%LﬂmyﬂﬁmOD—VJAMAO»B_Q_TE_

dA dA dA d d2(Ax,, (t (21)
+ﬂq( Xa?(t)_ Znt(t)}rﬂ(l_q)( X:;tz(t)_ Axg?(t)jm (;‘tz ()

4.1. ERERXEA S Burgers SEMIMILE R

2 1-A)m, -
RS, AR R o> L]

rn2
X (A H n AN RS B ¢, 08 S8R X AN T A
X =g(n+bt), T =&t (22)
Ho, O<e<l, HbRAFEWH. B4 KREN:
Ax, (t)=h+eR(X,T) (23)

¥ Ax,, (1) 7E Ax, (t) AT RERIT, f:
dAx, (t)  1d%Ax, (1)  1d%Ax,(t) Ve

Axn+1 (t) = Axn (t) + dn + 2 an + 6 dn3 (24)
dAx, (t) 1d°Ax,(t) 1d°Ax,(t)
A t)=Ax_ (t)— = _- 25
%1 (8) =% (1) a2 dn? 6 (25)
dAx, (t)  d®Ax (t) 4 d°Ax (t)
Axn+2 (t):AX" (t)+2 dn +2 an +§ dn3 o (26)
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[04 [04
2 2 k
Hr, VF"(h):—d VF(AX”(?) ; vg’(h)z—d VB(AX“(?) o R R, 6‘§<R=a—F:
d(ax, () |, d(ax%. (1) | ar oX
Lb=m, ¥ a=Yr RARQ)ILFE:
aTR—[va"( +(1- p)Vg (h) |ROKR = [;mz—i-ﬁfml—(l—ﬂ)rmfjail? (28)
S SRR M, , 1 —(1-A)em? >0, [Hfi(28) B i
T % %ﬁ%#ﬁr<2ml[(l—/1)ml—ﬂ] ﬁ&ﬁzmﬁﬂrml (1-2)zm; >0, [Hfi(28),2 Burgers J7

2, EA—IMER:

1 7 n+1 '/
D vz a- p)v;(h)h{x‘?7 3 }‘zlpvs(h;l(l—np)VB"(h)IT

xtanh[ (s = )(X =) (%m2+[)’fml—(1—/1)‘rm12ﬂ

4pv¢ (h)+(1-p)Vg (h)[T
b, o AGRITE x BEORER, £ ARBOMBRTAASR: m, = pV{ (h)+(1— p)Vg (h) N=MEBAER 4
W JE AR L, BB SRR R, R LN
% B :%m2 +prm —(1=2)rm?, WA &1 A 8K, B B2 39K . Burgers 77 FEIIME R (X, T) 28/,

T AR Ax, (t) = h+ R (X, T) » 0 B2 B A 0 o0 B3 T 2 A B0 h IR AT, AT RS0
M TR . R, % R0 A I £ AT SR 0 R R B 7

42 EFREXEASH mKdV FTEMINILK#E

TEAFLE IR, LRI RE TR o <2m [(1-A)m - 5] /m,
FEIG T R (e, 7, ) BRI, XS [E) AR & n FIES () 3R & t, 8 UIBR & X A T 2

(29)

X =g(n+bt), T=¢% (30)
Hrp, 0<e<xl, HbRFFEFH. w4 kEEN:
AX, (t)=h,+&R(X,T) (31)

¥3(24). (25). (26)FIEBLRNQRL) T, FERITH L B, BTGB 7

(b—ml)axRH{(l—/I)bzf—%mz—,Bbr}aiR
g?40;R- lml—ﬂbr(q—i)+/1b2r a3R—1[pV"'(h )+(1-p)Vy'(h,) JoxR?
T 6 2 X 6 F c B C X
3 1 7,10 |
+e {[2(1—/1)br—ﬁr]axaTR{§mz—ﬁbr(q—gj+5/1b r}?XR}
-& {%[ Ve (h,)-(1- p)Vg'(h,)]o% RS} =0

(32)
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d*Ve (Ax, (1)) ., d*V (Ax,, (1))
— 5 V()=
d(Ax, (t)) - d(Ax, (1))

iem, = pVvZ(h)+(1-p)Vg(h), m,=pVZ(h)—(1-p)Ve(h)- & b=m, WHEHE T, 1M I
NE. FEMTR (7 ) L, % 7=(1+6")7, . RATEE) S, 13

e r=1a, V/(h)=

Axqg=he

aTR_Em1 - pmyz, (q—%)+lmfrc}6f( R—%msax R®

1 7)1
+g{[2(1—/1)mlfc - Bz, |0x0:R {amz - pm, (q —g)+§/1mffc}a‘; R} (33)

—g{ém@i R®-[(1-2A)m{ - pm, |z,6% R} =0

: 1 ‘ o s
N 0,0,R= Eml —pmz, (q —gJ+ szrc}a‘; R +Em36§( R, MIJ7FEB3)TE -
0rR-2,0% R+2,0,R® +£(a,0% R+2,03 R+a,0%R*) =0 (34)
Hor:

& :%ml—ﬂmlrc(q—gjwlmfrc, a, =_%m31 a; :(1—ﬂ)mlzrc -pmz,,

1 3 2 1 7 1 2
a, = [Z(l—ﬂ)mlz'c —ﬂrc]'|:gm1 - pmz, (q _Ej+/1m1 Tc:|_|:£m2 - pmgz, [q _gj"'alml z'c:| )
_2m[2(1-A)mz, - Bz, |-m,
N 12 '
X34 AL T =é . R= \/;ERk , 133
2
R, R, +8_R|f+g iasz+ﬂ64Rk +362R§ o (35)
aT, ox®  oX a oX* a oX* a, oX?
20 BE) TR IETNO (&), 1HEIbrHER mKdV J7F2, "ERIHISE - IS5 HAF A
RkO(X,Tk):\/Etanh\/g(X—ch) (36)
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