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Abstract. Modelling of straight road section consisting of one traffic line gives the opportunity to simulate “follow
the car” system. In general it looks like a line of vehicles, going one after another. Kinetic theory, used in this paper
describes traffic flow system as a straight unbroken line with limited flow speed and concentration. Such model also
gives the opportunity to derive traffic lines intersections. For example, intersection could be derived like a point with
traffic lines coming and outgoing from this point by only changing boundary conditions. Mathematical model is built

using characteristic method.
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1. Introduction

Traffic lines intersection gives difficulties to
model two—way crossroads. To solve this problem at
first step we are modelling one-way one line traffic
flow intersection with two incoming one outgoing and
with one incoming and two outgoing traffic flows.
Such model gives solution to classic bottleneck situa-
tion on aroad. The second step is to determine two line
traffic flow model to solve various crossroad problems.

Similar situations were studied in literature [1-6].
Authors in the works [1, 2] based their solutions on ki-
netic theory, made various traffic flow models on
straight road, driver behaviour model. Authors of litera-
ture [3] did research into traffic modelling and control
using neural networks, authors [6, 7] concentrated on
traffic control and regulations in cities.

In this paper at first we derive equations of traffic
flow on straight road using characteristic method, and
using these results determine traffic flow intersections.

2. Traffic flow model using characteristic method

Basic equations of traffic flow model using kinetic
theory are[3]:
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where: k — concentration; V — traffic flow speed;, © —
speed variation; x — point on aroad; v — vehicle speed.
Using characteristic method the road section is di-
vided into pieces of length Ax (Fig 1) [5]. Each piece
has information which is concentrated in boundaries.
Each peace boundary point takes information: velocity
v and concentration k.
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Fig 1. Characteristic net
System of equations (1) and (2) can be written as

the system of second-order quasi-linear differential
equations:
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where: [A] [B] are matrices,
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and {f} isvector,

0
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which depends on t, x and elements u; of vector {u} " =

[k, V1.

Equating the determinant of matrix [B]—[A]% to
dt
zero,
dx
B|-|Al—[=0
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we shall receive the equation which allows determining

% derivative and determines characteristic direction.
dt

This equation has two various real roots dx/ dt =
N(@i=12):
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From equations (1) and (2), using steps listed
above, after several transformations receive plus and
minus characteristics which have such forms:
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where g; (i = 1,2) are traffic flow speed variations.
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The system of two nonlinear algebraic equationsis

obtained from conditions of compatibility with charac-
teristics:
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From these equations receive two parameters v
and k in each road section boundary point. To deter-
mine traffic flow valuein road section at first it is need-
ful to determine average flow speed. Generally it could
be average vehicle speed.

Equation to calculate traffic flow g has the follow-
ing form [1]:

q=KV . (10)

Equations listed above could be used for solving
different traffic flow problems.

3. Traffic flow inter sections

In this chapter three typica intersections schemes
will be determined. The first one is a situation when two
different traffic flows comeinto one, as shownin Fig 2.
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Fig 2. Traffic flow intersection diagram

Intersection is determined as a point at which three
separate flows cross. In this case to model interflow
two C* and one C™ characteristics and additionally one
input and one output leaks are used. Equations of this
model could be written in the following form:
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Then traffic flow becomes:
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pl(kV)D,l - pZ(kV)D,Z - p3(kV)D,3 -
Patlou () + PsGin(t) =0, (14)

e

P =1 (15)

i=3

here: p; — probability that action may be done.

The second one is a situation when single traffic
flow splitsinto two different traffic flows (Fig 3).
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Fig 3. Traffic flow intersection diagram

Intersection also is determined as a point at which
three separate flows cross. In this case one C" and two
C characteristics and additionally one input and one
output leaks are used. Equations of this model could be
written in the following form:
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Then traffic flow becomes:

pl(kV)D,l - pZ(kV)D,Z - pS(kV)D,S -
Patlou (t)+ PsCin(t) = O (19)
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p =1 (20)

i=2

The third one is intersection of four roads. Each
road has two, opposite direction of movement, traffic
lines (Fig 4).

Fig 4. Traffic flow intersection diagram

In this case to determine equations of movement
on each road line it is needful to assign C* characteris-
tic on outgoing traffic line and C™ characteristic on in-
going traffic line. Boundary condition of each road at
intersecting point is built using equations (8) and (9). In
primitive form these equations can be written in the fol-
lowing way:

KL:C" i@y =@y (Vp k1. Kpa) =0,
K.2:C™ i@y =D, (Vpk2:Kpk,2) =0.

(21)

In this equation index 1 is used for incoming and
index 2 isused for outgoing traffic flows.

Each of four roads is derived in the same order so
in the end receiving equation system from 8 eguations.

When boundary conditions are set, the next step is
to balance incoming and outgoing flows. Traffic flows
balance derivation then takes the following form:

4 4
Dy = z pk,l(kv)k,l - Z pk,z(kv)k,z =0. (22)
k=1 k=1

Now there are al 9 equations and it is almost pos-
sible to get a solution. The fina step to derive equa
tions is to set correct probability laws for al traffic
lines.

Probability equation for incoming flow in general
formis expressed as.

Prit P22t Pra2t+ Pra2 =1
P21+ P22+ Pog2t Poa2 =1
P31+ P32zt Pag2t P3az =1

Pazr+ Pazo+ Pago+ Paar=1

4
Pt Priz=1 i=k (23)
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Probability equation for outgoing flow in general
form will be asfollows:

Pro2+ P22t Pag2 =1
Prazt+ P2s2t Pazz =1
Praz+ Poap+ Pgap =1

P212+ P312+ P12 =1

4

DoPi2=Li=l. 4izk (24)
i=1

Equations (23) and (24) show that incoming flow
from any of four roads can be splited and steered to all
three, to two or one outgoing lines. This could be done
by changing probability values from O to 1. Probability
can be taken like the opportunity of choice. Then model
may be reorganized so as to minimise or maximise the
desired parameter. Or probability may be taken as a
strict rule and in that case it is possible to model traf-
fic-light controlled crossroads.

Solution of such equations has quite a simple
form. In generd it can be asfollows:

kit+At — kit +dk,
(25)
{ViHAt _ Vit +dv.
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These equation systems are used to derive the so-
lution for each section boundary point. To get a solu-
tion it is very important to take correct time step of cal-
culation At. Time interval At is related to road section
AX. To get the right solution it is important to sustain
the specification [5]:

cr=2t<q @7)

AX

In the end, such or similar model could be used to
solve problems in various road intersection cases, in
uncontrolled traffic flows, and to solve problems re-
lated to traffic control in cities.

4, Conclusions

1. Using characteristic method and kinetic theory it is
possible to make traffic line intersection models in
quite a ssimple way and the models are suitable to
use for solving various problems.

2. Intersection models in genera are similar to other
models, but in this case it is possible to determine
the dynamic system of long straight road sections
intersecting each other.
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