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Modeling of traffic flows based on multi-delay kinetic system
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Abstract: In order to improve a complex traffic environment of multi-lane, variable road conditions and variable traffic
flows, a new model is established by using multi-delay kinetic system approach, which can describe the behavior for the
interactions of before and after multi-time period for the road traffic flow. The simulation results show that the proposed

model can describe the real traffic flow changes, and to the control traffic flow and the analysis of the transportation systems,

the model has real applications in deal with multi-lane traffic flows in the practice.

Key words:

.

1 5 5

BREACIE AR G ST HE AR B HoAR S i3Il 7
A AR PB4 BT L5
iz F T A Al s i BAA R, T T Rl A
P A Uk S H ™ 1R A 1A i, X
ACI YA AT 3 A R R AT R A S
FR L .

ML By g 2 5 1k DA T AT A S KA A Y
o HSCHR (1] 5 e 3 i, Bl S B iR Ag 212 1
. AR, % 22 CORHAR 22 5 VA N T AT I
B (o AT R, G [2] % 22 AEIE A B AR B ) o
BEATRAL, g5 i TAES M S SO, ST 4
L AT A BT R, (Bl 4t THE) R s
FEZ) Jy 2 B R A b 8 SR AR AL (OB R [4-6] Hi
BT BN B ) A B AT OC I A i A
B, L [5]4R I T AEBORZ AN T (1] #7579,
(6] F& P PRI RE Y T 1o 5 N A 8 (K 3% S, A4 AN [R]
7 SR AAT A B S FR 4. (7] 3 S s ) L AR,

ks H H:
HEEWE:
1EHEN:

2010-03-26; &= HHJ: 2010-06-28.
VLI BARBL #4100 H (BK20080544)

BRETE VAL ITEDI.

traffic flow; multi-delay kinetic system; multi-lane road conditions; simulation

P T —ANEARGEAT, 4 P L I A S BT
] 5 T B b AR S B S I B B R A5
ZAt. [8-91 K U LI 5 I 7 R i &5 A Bevt v, SEn
A A A,

bl P ARSI R P 3 ) 2R G R I8 i A0
PR HEAT A, JBAT 25 R I ) BOW J5 — I 1) B
T B A T O (14 5 ), (ELAE S B T AL 38 R, I ) B
(RIRI o 11 2 BB B A8 A (14 70 A ATl A
SCERR 22 4R L R DT AR S R ] AR K R 2R AT T I
BEATERL, FEHT 22 A8 B P AR GUN 2 3 s LA )
RGN AL _E, R SCHR (2] T IR AT B 2, A T
ZINBUVAE I B ) R 8. i iR 7 AR 2 iE EAL
MY S SCRHR (2] BB, 75 7% 18 51 22 I BESE I 2y
IR G T 1, 58 SC TR I B 2 A IE 4 e
B, JEAEH T — FhAE T SCHR [3] P38 PR AR (17T fig
A il i T TR T2 0E L B OUR]
AR it ] AR [ B AT T A B A S B N F K Bl

.

HRIR(1965-), Lo, B, WNF U REFE . tHEHLOT AR 9T, RANI1968—), ), %, NF 5L



Fo6 M

KR EF: ATFEERHH RGN GBARETER 941

2 X EZEEASER R

h T A A SRR A T AR G I AR B AL T [0,1]
ZA), 0P AR B AT A e I N K & L
B BRACE; V,, AAEE R R DL T, — AL 4=
JITRE IS B IR B R H A ooy A AT B ZE NG DL T A4 )
KL

GBS N IH— AR N (5 LX) t A
1) (F L/ Vi S —14k); v = V/V,, AR (5 V,, H
K p = ppm N EFEIE L (5 pa A 59). WE A A
[14) ) o 3 52, B

O=vi<v2 <---

<vp << vy =1,

i=1,2,---,n

TRV — 4 T A B A p 42, Mo i ) e
TR i S AR, R4 = 1,2, ,p) L
3 LIAR 10 77 20 B Ak, i 7 (¢, @) FemAE 48 2 1
[ PRV 22 6] o, 5 238 Lk o, (R, T 4%
LI W R0

fo(t,x), 0<p; < 1/p;

-
H T{WESCL%%HTH’JE%TZF (5% TSl

JE pj VML I AE [0,1/p] Z 1), Ke T 4= 08 1 S A
T ELARAT DN B AT 7521 A 103 AT AR 23900k

t,x) = ij(t,x), p€10,1];

P
t:c Z t:c

FUTLL 2 02 W B 5130 5
O PR, — AT 5, R 2R A
off . ofl _

ot Uor

S Y [ A, ) i) o

r=1h,k=1

p n

oy — (2SS [T Wl ) (@, )y

r=1 k=1
(D
Hrp: p* = (p1,pay -y pp)s WP ps] AR EAEH 2 (B
— ZE I AL N ) AR B RO o (2, y) KRR
LI B0 R B Ay (0] R Sk — B v 3 LA
oo, AT 2, EAR A 4208 b DU oy 47 B 4210
VEHF, #0383 § 2538, R AN v, MR L.
DA_F FR AR i A L 45
1) BT 2538 1) Gty bR 3 o7 (2, y) YIAH TR, EL

JERRIEAL A
@’ (x,y) =0, f @’ (x,y)dy = 1.
2) M R A
A5 0. S A ]
i=1 j=1
Vh,k=1,2,---,n, Vr=1,2,--- ,p

33 AN % 1 A% 1) KR (A7 050, T LA 93 A R K R
JE p; HAMTEK.

IMHAEH RS j 4218 L5 p; MRS AT
>, B

1 =nlp;l =m0/ = pp;),

Hidrno 24, H O < p; < 1/p.

4) FHEAE T 4200 L e A2 340
Bt h

i, RVFIER

r#1,p, I.={r—1,rr+1};
I.=<r=1,1.={1,2}
r=p, I.={p—1,p}.
5) VPR EAHR G
h#1,n, I, ={h—1,h h+1};
I={ h=1,1,={1,2};
h=n, I, ={n—-1,n}.
TR BL BB, ARSI SIS DL R, J5RE (1) 1Y)

BRI
Lo (X AR )] -
rel. ppr h,kel,
"o j
mfzj (t)p;(t). )

3 MUk RS

T SE 5 3 117 A2 38 1, 1 B R B 5 — I ) B 1)
VB FH 45 T 5 i) 81 A8 30 0 S 14 43 A BT i R 1
FIEN S (S5t HX), Hr=0,1,--- ,m(m < t).
Moo= OW, WA RIER 5 2 7 > O W), i [R] iE 1)
] h m AN A I ) B

PRV ST G BT, 7R (2) EAT ek, 1592
W B B AR

U ST [ X ait

=0 re h,kel,

ﬂﬁu—rw}—f——fﬁa—ﬂm@—rﬁ.
3)

— Ppj

4 WHRREZFEBELR

5% H UL A0 2 L B SR [3] 57
B Y SR LR, B2 PR I — R T AT, o
Sede AL (o) AR IR 2630 Aty O A T 34T



942

,_

26 &

AR, SRR AR A R kMR A INAE T,
MR b 8 A MR A5 R i AR
IR G50 m] LUAE A R - 4238 1, thnl AR ARE
2R b 26 SOU A T 23 AR I, B 1AM %6 2% 2 e
AT 25T b R B e, AT
r#1,p, p" ={pr—1,pr pri1};

*

pr=9qr=1p"={p1,p2};
r=p, p* ={pp-1,pp}-
TH % DR 0 A — AN 0 A28 380 35 4 552 i) 25K 1) i 2 A

R ARTENEDANE S H a,(r =1,2,-- ,p),
€ [0, 1], a, (EBR/NFR IR EE 0B ZE, BRI B DL
4t

v, < v, v > v Mo, = v 3FHE W, B A
< k,h > k,h = k. TR O R 22 508K (3]
PP R 5 R T S 2 A 4G T R AN S TR
4.1 S5REFEHEA (h <k)

M h < kI, ARG PEE R r 08 B
THEEPR R AR5, RAEAE RS, A5k 2RI A IR 7
T FelHRERAULE = {r — 1,r}. MFZ, &
T R TR L e BRI ZE A AR I, A4

SRV S NTE S
I,={h=1,h,h+1}, I. ={r—1,r}.
0,i=h-—1;
AT =0 (1= o)1 = ppr(1 = ppr_a)], i = h; (4)
ar[l = ppr(1 = ppr—1)], i = h+1.
(1 —ar)ppr(1 = ppr—1), i=h—1;
AT =S qupp (1 —ppe_a), i = b (5)
0,i=h+1.
A @) T R A R AR M . A
Z TH PR A 0 S B v, 2 I G T ) BRI, U DR R

TE 52 3 TR RE 2 00 v 2 0 R e D T s S o 3 B
YT R DL, MR DL, = 0 B, R E R4 R RE SRR 1)
TR, EATAT IGO0 F AN, M o, = 1HS U DNIE.
3 (5) 4t T sk 4 A4 T B0 A AR AR,
T B r ZE3E R — 1 R TE (AS B TS, A 4R
R AT 30 228 S /)N, X A4 At .
42 5S5EREWMER (h > k)

o> kI, R AR B R0 L
TR I AR AR, R AAE RS, 3 AR A A SR A
L H BB ZEAARE G = {r,r + 1} 5 20,
LA 224 i 700 5 0 8 L e 0 (R ZE 0 R A L I, AN
S B A4 48, /I

i,j=r
Ahkr

PPr1s @ = ks
0, otherwise.

(1
i,j=r+1
Ahi r {

(1= pprs1), i =h+ 1.
43 S5FERFHEEFEWEMR (h=k)

N h o= kW, ARk 05 A R AR R — 4
T b DR [R] RS AT B, R AEAE S, A5k 4R e A
JEZE3E bk H AR B A 4TSRS § = {r—1,r,r+1},
i HL 55 8 00 A8 30 4% B AT O, DR R A T 2238 1R M %
5 3ANSEIEE (pr—1, pry pro1) FIEEDUAHOC, F

—ppry1), k <i < h;

AT =
1— ) pp. (Do
( avnn%(€;7 14—pp7+1)7i::h__1;
(1 - ar)(l _PPr)(PPrfl +ppr+1) i — h
2 bl - bl
WQ@WE+WWH%i:h+L
1- 1- r— .
( aﬁg pplxzzh_h
7, r 1 _
Ay (ar)(1 ppr_lx i h
2
0,i=h+1.
0,i=h—1;
1- ar)(l 7ppr—1) .
i,j=r+1 __ ( 7.
Ah] PR 5 , 1 =h;
1- r
ngﬂLJ P

—H ﬁfﬁ;ﬁi@é&%ﬁ%@@‘ TR B) UE A
df? /dt =

Z{Z[l_pp(ZAhm Nt —T) (=
=0 r=0 " U hk=1

)] - = ei =} =1
dff jdt =

> > [ (S A o1 frce - m) e
=0 r=j-1 " hk=1

) IR e A DI SR N
df? /dt =

;){T p 1[1—ppr h;1 Al oL = ) f (=
)| = ==} =

5 iS5

X 3 454218 (1-1ane, 2-lane, 3-lane) 178 2% 2E1T 1)

H

]



Fo6 M

KR EF: ATFEERHH RGN GBARETER 943

51 BEMZAZREMEENSH ARG LR
W RAR B E 0 0.2, — UL T, (1-lane) 4
EWLB LTS, %48 T AT L sk A
172, JT LA 4218 1) 6 D0 AT JLAh 2 (0 i, 3L o {8
S/ FHAD S, X B o fH2h 0.3, 0.6, 0.6), 3Lk
G HE I ) ) R 400 % A8 I i A R S AR S 1R )
% I BAE IS (R BRI TR L, 45 & 1 FoR.

0.15F — 1-lane

—-- 2-lane
<
E

(a) G 4E Hfm=0

0.15F — l-lane

—-—- 2-lane

~ | e 3-lane
s
S

(b) H W m=1

— l-lane
—-—- 2-lane
........ 3-lane

(c) A I I m=2

0.15} — 1-lane
—-- 2-lane
........ 3-lane

p/(£/5)
(==

(d) 1 L& ifm=3
El1 BEzHREMITENSNRFER LR

BB 1)~ 1(d) (5 141380 AL B2 4R8I0
RS 34K R R A JR 4R 0 1) R SR AR BR R AT T L,
SR

R1 RERBNRFENE B ERIER 35 R GERIEHEXS EE

m LM 1 A2 1-dane  2-lane  3-lane ESD]
0 45.6 466.8 822.3 757.2 781.5 822.3
1 23.4 238.2 583.6 502.3 522.4 583.6
2 18.7 165.8 478.5 423.6 431.1 478.5
3 152 123.5 456.3 412.7 4233 456.3
H P 1 RIS 1 R4, B 1 ARSI s B 2 41ATI A

(IR ARRBEA m (AR AZ /S, X U8 W] 2 i

JE AR A BB A A B B (14 384 I 2 T RS . MRS R 1)
FLiok &, TCAEI 15 )1 2 458 3 AN ZE38 I 18 B A0 W it
ALY 822 3 M FAALIN [A] J5 A RE IR ACTA B E, T2
INf B S I (¥ 5)) 0 ZR Gt it A S I B PR 8 n, HE T % A8 3
SRR SISO LY AN TR NN o S B S i =1 <)
TR ST A 8 I A8 T U S (R AR PR A T L TR
BEAG m (3G 045 SRECHs 7 TP
52 BEERRAFEMNALE
Wom = 2, % IBAE D05 FEAR B0 F (i
MR 0.2), %F 3 4 ZETE R BUAEAS A (R B2 Ak, 25
SRE TR R AR DL, 45 AW 2 .
0.15 — 1-lane

—-—- 2-lane
-------- 3-lane

p/(f/s)

C R g

(a) @=0.3,0.3,0.3

0.15 — 1l-lane

- - 2-lane

~ | e 3-lane
o
=

(b) a=0.6,0.6,0.6

0.15 — l-lane

p/(f/5)

(c) 0=0.3,0.6, 0.6

0.15 — 1-lane

p/(f/s)

4 6
t/10%s
(d) @=0.6,0.9,0.9
B2 HEERIAREEIELE

H P& 2 W, ZEAR G ) T PSR M (PR 21,
e A0 (3 ) 238 11 205 oy FH e D, A 38 24
T R I PR AR A K. BRI, ik B R e RS 1
TR T W GG 240 3 AT DU A BAT UM
53 BUAHRREFTHIER

Bom = 2, % (1-lane) B o {4 0.4, HALZETE 1)
h0.8. 5 FEATAH R LR 0, R4 i A%



944 # Ll

* e 26 &

RS, WA B E 3 B g A
0.25

— l-lane
—-—- 2-lane
........ 3_lane

t/10%s
(b) p=0.3
0.25 — l-lane
—-—- 2-lane
- | e 3-lane
E 0.15}
\Q [\ﬁ" _________________
0.05 .
0 2 4 6 8 10
t/10%s
(c) p=0.4
0.25
| T 1 S
\Z \/ — 1-lane
- 2-}ane
005 ........ 3_. ane
2 4 6 10
t/10°s
(d) p=0.5

3 BIRRERZAER

r 1] 3T, TR 0 0 2R, e P 4 3 4
ohy R 1, 0 PR A, 4% 7 S 3k B SP R
Ambibe,
6 4

ASC VBRI T B ) 58 1 A0 T R
I BB, 10 22 50 L B0 T AR L AR () 4 2 A0 0
PR HEAT A, P £ I8 BYSE I ) 0 R 5, T AR T I
TSR LA A5 LA T A (R 2 o 5 B A O
BT e, 17 20920 K0 R W, 2 I BUEIN 3) ) R 4%
BRI T TCAE I I ) R G 5, % T34
S8 A AV AL P B AT L TE PR 1, B S I
BE (A1) TR I, 3 4 52 X0 U0 R S 14 S i)

WAELE KL, (5 m (IS 2] — 2 I, FUe RS T-F
iy, FEBROUAN R B AR AT A I, ok B e e R AR
TGS T U0 459570 A 5 AN BAT UL 78 B DUAT ]
I, i PR AR AP O BOK, 2% A3 IR B IR

£ % 3 ik (References)

[1] Prigogine I, Herman R. Kinetic theory of vehicular
traffic[M]. New York: Elsevier, 1971.

[2] Bonzani I, Gramani Cumin L M. Modeling and simulations
of multilane traffic flow by kinetic theory methods[J].
Computers and Mathematics with Applications, 2008,
56(5): 2418-2428.

[3] Delitala M, Tosin A. Mathematical modeling of vehicular
traffic: A discrete kinetic theory approach[J]. Mathmatic
Models Methods Application Science, 2007, 17(3): 901-
932.

[4] Delitala M. Nonlinear models of vehicular traffic
flow — New frameworks of the mathematical kinetic
theory[J]. Mecanique, 2003, 331(9): 817-822.

[5] Coscia V, Delitala M, Frasca P. On the mathematical
theory of vehicular traffic flow II: Discrete velocity kinetic
models[J]. Int J Non-Linear Mech, 2007, 42(2): 411-421.

[6] Gramani Cumin L M. On the modeling of granular traffic
flow by the kinetic theory for active particles: Trend to
equilibrium and macroscopic behavior[J]. Int J] Non-Linear
Mech, 2009, 44(11): 263-268.

[7] Bonzani I,

Mussone L. From Experiments to

hydrodynamic traffic flow models: Modeling and

parameter  identification[J]. = Mathmatic

Modeling, 2003, 37(5): 109-119.

Computer

[8] Daganzo C. Requiem for second order fluid
approximations of traffic flow[J]. Trans on Research Part
B, 1995, 29(3): 277-286.

[9] Darbha S, Rajagopal K R. Limit of a collection of
dynamical systems: An application to modeling the
flow of traffic[J]. Mathmatic Models Methods Application
Science, 2002, 12(10): 1381-1402.

[10] ARENAE. ST 0 ) S PSR SO BEA ], $206)
PR3, 2005, 20(11): 1221-1224.

(Xu L Q. Real-time decision support model for traffic
congestion control[J]. Control and Decision, 2005, 20(11):

1221-1224.)



