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An Improved Traffic Flow Model
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Abstract; To better carry out the planning and control of urban transport, a more effective
mathematical model describing traffic flow was given. The new model is based on both the
driver’ s car-following behavior and general linkage between microscopic and macroscopic
parameters. Since the model includes the effects of both the relative speeds and the relative
distance with linear weighted method, it is more realistic. Meanwhile, some well-know continuum
models are contained in this new model as special cases, such as Payne model, Wiltham model,
and Zhang model. The characteristic velocity and linear stability of the new model were studied.
The new model is inherently stable and controls the extent of non-anisotropic and diffusive
influences through a dimensionless parameter called anisotropic factor.

Key words: car-following model; macroscopic traffic flow model; Payne model; Wiltham
model; Zhang model; linear stability

2 B AR TR 1) A A2 5 4 A
BEIHEE, B T RS E I B L
SR TS 5 B B HL R B A I PR
S8 = R [ BT L L L e S s VAR
B SOV B 3 1 Dl oA ) =R 28/ &= 1 0 (F = B e
ZEFR TR S, 10 S S B . e, 4
A g S P R A/ S TR 1 B ALY B
AR AR IEOR B RIE 7 B NREE L S T
2 T A R 0 T S, AR BT G R e
W RS 72 B R A HE A S 20 g
70 AR H I, TS ALRE A 10 TR A R A < 5 I B

i HES: 2013 -08 -28

BT TEIE I 1 58T i — %, S i B 12 T ik
LRI 1) AT ST LA R Ot S AR ST 2
14 5238 L 3 11 A RO I e =k A R 20 LD
90 AFAX, — L3 KL B 5 12 MU SR AN BT I 2
BEE R A IT  B 1 K g b Je

LRI, 442 B 52 G0 A T 40 3 PR AN ], — JBEAE
A PTG O = KIS He T A WS BLE i O
B LT 2318l I 2 1 v AR BRI T A )
AU R R AT L) Ny i sl AR | 5
T BRI Ve R, A ST 18 3 H S X
WY FEAT AT 5E L2 AR

ELWB: ERARPAES RO H (11371081) 3 RILRAF LR KL QT IIZt &I 5 H .
TEFERAN: BBHEN (1970 - ), 40, INARE BN, RICKFEI 287, 11



1056 AIKRFZFR(ARHFK)

%35 %

iy itlEfe ava

1.1 BT Newell'™ 247 3R Ut 4 2445 3] 33 38 7 hn
HEAR
22 I D AR TS 2 R X B R
RS AR B AR, HABOE 2 38 53 A AE R,
FEFR SN AN Y 2 R S A
v, (t+T) =V(x, (1) -x,(1))
=V(S,(1)). (1)
Horprs T Ry ZE 40 0 R )R 0 JE R B [R] Sl H A T
HHEEGS, (1) =x, (1) —x, (1) FR t 25 n -
LB (R 42) FER n 34 5 45) A RE AT R 2
v, (1) FTR ¢ BFZ0505 n 40 V 2R T S, (1)
() R ARFETIOU — 2 MK R, 4 v, (1) =v(x,,
1),8,(t)=8(x,, 1), X (1) AT LA E R v(x,,t +
T) =V(S(x,,t)). HH5E 538 i % B 1 AT AT,
AL p FAT G EAHXTEE B A RN
1
X, (1) =x,(1)
X, =X, ERXAMER v(x,,0+T) =V(p ™' (x, +
8,0)) =V, (p(x, +8,1)). % x,—x, MELT FH B
ZWMFE R MBI AN v(x,r + T) =
Vip ' (x+8,0)) =V, (p(x+8,1)). X LA Ay
P AT Taylor e JT, I 200 i [ LR |9 722 & x
e, BRI

dv dv., (p)
VAT =V (p) +6— =

V. (p) +8V. (p)p.. (2)
A0 8 T Ry
dv_V.(p)-v &

p(x, +8,1) = ,HF 0<6<AA =

eV (e (3)
1.2 mETRELNEMRMLDENTER
AT
ST AR I B By
d
r (). @)

T FR G B R RE A ZE B I (8] 5 v, () Rl w, (1)
FR IV - 1 GERER n i L AR
OO = MR, % v, (1) = v (x,, 1) , FHALAE YT H
FHEE RS v(x, ), 1) —v(x,,1) =Av,(x, +5,1),

Hh 0 <6 <A 4 x, —x, 2 (4) gy D)

2y, (4.0 XER (4) £ HET Taylor JEIF I

2 e Y TN AR x ¢, S I R A

dv_A LA
Q- TV + T(SVXX. (5)

1.3 FEREZEEEESEEZNTEE
S e B DA SR RIS 42 AR X S
SRR AT A3 L 3 2 [R5 R s 4 A A X
HRRE GRS 22 B R R B2 . BT L, AE— A B
PEG L PR BRI r A 25 8 S 3 AL I Y A%
N R LAAAE AR T 37 58 2 A X 3 A
Xt B B R A BT T A ) 1 2 T R
_dv_ V.(p)-v
T T
BV B (6)
Horb o F B AR E LM R, B 0< @, B<]1
Ha+p=1.
R SERE i B N (6) HIS R T, 5,

5.4 FHe, 82530k =3 Sgr M

v, + v

S
+a TV*(p)px +

t

2 = — c(p) 20, XFF T HACHI, WHL

Bv=V.(p),c(p) =fi(p) =V.(p) =pV.(p).
(BEISEAE T S -1 - 3B o, 3130 144
HEE 5 L, AT A8 S
FUNREIERE S = - c(p) = —pV(p). AT

V. (p) -
(6) TR v, + (v +2Bc(p))v, =a$‘
N Mp%)px +2BTC* (p) v, TITEHEISE B P HHE

R 5 RN T B
p. +(pv), =0,

v, +(v+28c(p))v, =a £ (pT) —v_ac:()p) x +(7)

p. +2BT¢ (p)v,..
EAREERNZ, M a=1,8=0,(7)iB1N
Payne #71  Wiltham #& 7 #1 Zhang #7524 o =
0,8=1,R(7)5 Zhang"" BERIKIL; 75 c(p) =c,
(7)) 5 Kuhne BEBUAR DL, A — 26 25 it
1) 3% 2 28 38 A AL AT AN A S A (1) R ).

2 WA E PR T

2.1 $HEREMEMERARSN
KT DX BT R4 O 11T 204,
Beor s in TR
oU aU



%7

BRIBE. —FPH 09 EI B RAER 1057

v P
(P _ 2
;H\:EF',U—(V)’A_[%&) v+ZBC(p)}

0
E = 1% - .
{“f?”+%%%mmJ

FUAR R B 57 RS T R

p ’ g p 0
(v), + aczpﬁ v +28c(p) J(v) B (0)' )
AR AR A FERERRRIE(E A

Aia=v+Be(p) xclp) VB +a (A, <A,), (10)
SHF I A Ty

(%)1 =v+Bc(p) +c(p) VB +a<v,

(%)2 =v+Bc(p) —c(p) VB +a >
AR B A 5 16

ri(pw) =(1,(B+Va+B)V.(p)",

r(p,v) =(1,(B=Va+B)V.(p)"

117 LA - 01 A5 R 1) 5 1 5 1 3
RAELRMER) L. (p) =pV. (p), VAL FTR AL 1E
B, v) HIBRRE , Dy FRAL(9) (OB i S0 1 5 g o
SRR
VA p,v)r (p,v) = (B+ Va+p ) fl(p) <0,

V A (p,vr(p,v) =(B= Va+p ) fl(p) >0.

FER TR (9) 5 T 1 383 I 4 Bl ik - B0
R, B — MR ES R — 5. B A, <v #
V A (p,v)r (p,v) <0, ff LFESE — AN FRAE S
(G i 5 LWR RS b g ¢ A ). 5B I, o
BB =0, BN SR FAAIE. SR, A5 A
MES i, SRS — M RE S A I A
[[. BT Ay >V v Az(P,V)rz(PaV) >0’Fﬁw\%
TURFIES /NI B0 A AR R TR T A ) 2 R
JE XMW R 5 TR, 5 A
B 1) SRR AR, (R SRR B AL AR rp ]
DU o,B Z A H) 56 ROk AT H 0<
a,B<1 H a+g=1,0 LIt B AY Bl
¥ B FR N TR 7. PR, o, B Z A&
A5 AR A 5.

AEFFUCT FE L (7) 5 H X R 9 55 R O FE 21
(9) MEFARIR]. ZhHEI0 1 5 1A S0 AR 151 1
A T F 15 ) A fof A5 2 37 L o e T - IR S,
PL, ZHE 00T, 20(7) 5 LR i 2 e o1 i 155 8
BHHRLp, +f. (p), =T(v(p)p,) . ZHATHIN ]

THRIFER, 38 (7) T AT T2 (9) i,
W2 B R B G, F 75 4% [ S bk — A
U 1 5 SR A R B

L bR B WU R | SR A 1
B o, B 1K 1T LR U — B Bk s 0 R
R4 IR B4
2.2 FIEMmBmMIATY

(BT ARAL(T) (RS po F1 v = V., (o).
Jy THRFE IR () W3 0, 9 ) A KA i
m»m:mwﬁ@u=““w=me@R

co =c(p). MIr AR RN
p=~py(1+7),v=v, +cyu. (11)
KR RARFFRLL(T) h, I+ 2w /N
B o, 15

r,+vor, +cou, =0,

al(r—u)
T

R NE
ri+u, =0,u; +2Bu; +ar; =a(r—u) +2Bus;. (12)
2 ~ X (12) 55 AT P xRS,
Hu, +2Bu, +ar, =a(r, —u,) +2Bu,.. FHX
(I2)#F u, = —rpu, = —r, FELIIHIN x, 1 5K,
B g u, THEA

i R e

u, + (vy +2Bcy) u, +ac,r, = + 2,BTcg u,,.

ﬁﬁﬁA%%%ﬁ%i:%jz

ak(k+1). (13)
N w B9 — R I FERI N
© =Bk —i“—*zzﬂiz +

J(ﬁk—i%’tﬁ Crak(k+i).  (14)

AR BRI PERR SR R T o B IR T2
FIAR A HE Im () Y. QnRAT — DRI EB R
T&, WERLZAFE M JA SR B
INFEE TR, R A RS E . T, A5
AR ENH S o, IE, H N 0<a,p<s1
H oa+B=1, Wil Jeii il LIt B B 4 .
— G OCT W LA LA O vk A s Y (A e k.
K175 8=0,0.2,0.4,0.6,0.8,1 iif,Im(w)
bt k AR L.

FEFTBRI T B 45 1 e o, B Z B Y
K RPE. MY B> alt SRR S 2
WLIHBE JLT-AH R, G306 JLF R4 32 05 05 2R
o). EEAS LR 25 5L 7T LU % TAEE




1058 RAAKXFFROAAAFR)

0<a,8<] Ha+B=1,%A Im(w) <0, XEIK
TR TR MEAR E Y.

0.5

0

DT

NN
Lo oomo—
oy ovhoootvo

-0.5

-1.0

)

-15¢

I

210 -06 -02 02 06 10
k

B1 Im(w)hE kHELEE
Fig.1 Im(w) —k curves

3 BEF B

B B 200 km, 25 3 B 100 4 ) 45
B M) 2B A Tk A5 1 o, AR B R G S A 2
BN B v, =30 m/s,p, =0.2 #i/m, T =17s,
Cn =6 m/s  PHTHEE v, (p) KK RAN

vo(p) =v;[ 1 -exp(l —exp(%‘j(%—l)))].

Hocc, JIEZEM P SN ALIE L 5 v, o A i ik
J5p, 94K FE % . Riemann WIE A AF N p, =
0.18,py =0. 04, 3 p, . pg 15000 £ T 405
JE. WIEERIER v, (p) =ve(p) s va(p) =v.(pa).
R H Payne 45 Hi 1 BRI 22 3K, 8 B R
Dk 3 TR R - R R L 2 (AR
FREAIFIIST8]) AL TUREALL I Y £ =30 s I A9 2
JE - B PR UL IAT 3. SR FHSCHRL 8 ] i1 S m i A
TIRCADLH AT — S PR L IA] 451 =30 s [ 3L
BRLS ] i — I B RIS L IET S.

25

0 1 1 1 1 1

8 10 1I2 1I4 1I6 1I8 20
v/(km * s
B2 ARMEBWMEE -EBERK

Fig. 2 Speed-distance curves of the new model
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Fig. 3 Density-distance curves of the new model
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