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Abstract

The article discusses a method for modeling traffic flow on a highway and a network of
intersections using cellular automatas. A set of parameters characterizing vehicle drivers is
considered, as well as taking into account the influence of the states of turn signals and
braking signals of neighboring vehicles when deciding on a maneuver. An algorithm is
proposed that describes the procedure for taking into account the factors affecting a possible
rearrangement, braking or acceleration when vehicles move along a highway that has separate
entrances and exits from it. Possible situations in which a vehicle can go into an accident state
are given. A numerical experiment is presented that simulates the theory of three phases of
traffic flow, proposed by Boris Kerner [6].

Keywords

Cellular Automata, Simulation Transport Modeling, Individual Characteristics of Drivers.

Introduction
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The relevance of the problem under consideration is associated with the need to solve the
problems of traffic congestion and the possibility of competent urban planning. It is
important to be able to simulate the movement of a heterogeneous stream of cars and
predict the main transport and operational indicators.

Information about the initial state of the stream is obtained using traffic cameras with
speed fixing, car DVRs, satellite images. Models based on cellular automata are
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microscopic models and are attractive due to their low resource costs (both computational
and time).

The work used the concept of a cellular transport automata proposed by K. Nagel and M.
Shreckenberg [1], as well as modifications of the model, taking into account various
characteristics of the flow. A model has been developed that takes into account the
structure of the traffic flow, the individual characteristics of drivers (speed preferences,
"politeness”, "radicality", goals), possible accidents, occupied road sections and branches
from the main highway. A distinctive feature of the model is a neighborhood of variable
radius. Methods of traffic light regulation based on state control of a cellular automaton
simulating a traffic light are considered.

Basic Concepts of a Cellular Transport Automata
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In the model under consideration, space and time are discrete. Each cell of the transport
automata represents a part of the lane of the road; a rectangular grid of size m X n, where
m — is the number of roadway strips, n — is the length of the modeled section in cells. The
length of the cell is given and is equal to Ax, with each vehicle occupying several cells of
the roadway (for example, a non-uniform flow consisting of long vehicles such as buses,
trucks, cars with trailers, etc.), and the lane width can be neglected. A value of Ax =1.5m
provides a realistic representation of the lowest possible acceleration; then it will take 5
cells to model one car. The state of the cellular automata system is updated at each time
iteration At = 1 second, (the driver's reaction time). Each cell can be in one of the states -
the cell is free or occupied by a vehicle, and in addition the third state - the cell is
occupied by an obstacle and cannot be occupied by a moving vehicle, thus, the cell needs
a detour, which will lead to a rearrangement to the adjacent traffic lane. An obstacle may
be: a faulty vehicle; a vehicle parked near the curb; road repair area, etc.

The position x; (the number of cells in the lane) for each vehicle at each iteration can be
j

i-1
iteration and v/ is the speed of the vehicle, measured in the number of cells that the

vehicle passes means in one iteration.

determined by the formula xij = xij_1 + v/, where x/_. — is the position at the previous

To illustrate the simulation of the movement of vehicles, consider the algorithm of the
one-cell case:

1. Acceleration of free vehicles. If the speed v; of transport is lower than v,,,, and
the distance to the next vehicle is greater than v; + 1 the speed is increased by
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one:: v;(t) = min(v;(t — 1) + 1, v,,,4,). The rule reflects the desire of all road
users to move at maximum speed.

2. Slowdowns caused by other road users. If a vehicle in cell i notices a vehicle in
front of it in cell i +j (for j <v), it reduces the speed to j —1: v;(t) =
min(v;(t), g;(t — 1)), where g; the gap between i* and i + 1™ vehicles can be
calculated as g; = x;;1 — x; — 1. The rule guarantees that there are no collisions
between vehicles in front.

3. Randomness. With probability p,, = const the vehicle speed decreases by 1 if it is
greater than 0: if {(t) < p,, then v;(t) = max(v;(t) — 1,0), where {(t) € [0,1)
— is a random uniformly distributed value. The rule gives the model an element of
stochasticity, introducing randomness into the behavior of drivers, close to the
behavior in real life.

4. Movement. The vehicle position is recalculated using the formula xl’ = xl.j_1 + v/,
The rule determines the distance in cells that the car travels in one time iteration.

The proposed model uses an extended dynamic neighborhood consisting of the number of
cells required to observe a given number of vehicles located in front and behind the
vehicle under consideration. For optimal consumption of computing resources, two
vehicles are taken into account in front, front right and front left, as well as one each
behind, rear left and rear right.

Accounting the Individual Characteristics of Drivers
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The model is expanded by adding two steps [2]:

1. Finding out the need to change the lane. The vehicle changes lanes if there is an
obstacle in front of the current lane or the average speed of vehicles in the adjacent
lane is significantly higher than the possible speed of the vehicle in the current
lane. A vehicle is described with the characteristic “target” if there are additional
entrances and exits from the highway and the “target” of the vehicle is one of
them, that is, it is necessary to occupy the lane closest to the exit.

2. Understanding lane change safety. If the distance between the vehicle in question
and the two vehicles in front and behind of it after the lane change allows the lane
change without forcing the two vehicles to change speeds, then the lane change is
considered safe. Otherwise, it is necessary to turn on the turn signal and continue
driving at the current speed or at a reduced speed, limited by the presence of an
obstacle. The likelihood of changing lanes on subsequent iterations increases when
the turn signal is turned on, since this vehicle may be missed in the next lane.
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The advantage of taking into account the state of braking and turning signals of vehicles
[2, 3] is that with a high flow density and the presence of an obstacle, all vehicles are
forced to stop until there is space for changing lanes in the adjacent lane, which will lead
to an endless traffic jam. In fig. 1 is shown an example of modelling obstacle avoidance
without taking turn signals into account.

KiteTku aBTOMaTa, MOACIHPYIONIHE 0O0YHHY, Kitetku aBTOMaTa, MOACITHPYIOLIHE
T.€. HaXOMALIMECA B IICEBAO-COCTOAHMH «-1%» asuraromueca TC,

/l'.C. HaxXominruecia B COCTOAHHH « 1»

Knerku aBTOMaTa, MOAEIHPYIOIINE
MIpENATCTBHE, Tpebyroniero obroxa,
T.€. HAXOMAIIHECA B COCTOAHMH «2».
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3aBepIICHHE yYacTKa
MOIEITHPOBaHHA.

Fig. 1

To understand whether the driver will slow down and let another pass, the characteristic
parameter is the degree of “politeness”. The indicator of "politeness™ d,,,; € [0; 1), that is,
with the probability d,,,; the driver will slow down to pass the driver being reconstructed.
When checking the safety of a lane change in the case of a risky driver with a probability
of 1 —d,,;, he may neglect the safe distance behind, forcing the other driver to resort to
emergency braking. If the reaction speed of the driver behind is small, then with the
probability p,.., an unsafe maneuver will end in an accident.

There is an emergency situation, in case of a distribution conflict, when two vehicles on
the left and on the right intend to occupy the same cell located in the middle row. The
conflict can be resolved by giving priority to vehicles, for example, from the right lane
(by analogy with the rule of "interference from the right") or priority is given to vehicles
one by one. If no priority is allocated with the given probability p.,,s then the maneuver
will lead to an accident.
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Another important characteristic is the desired speed [4]. Each driver belongs to one of
three groups - “cautious”, “normal”, “aggressive”, and each group is subdivided into
subgroups that differ from each other in the degree of “radicalism” - the influence of
speed preference on real speed. A lane is considered to be advantageous if the average
vehicle speed is close to the driver's desired speed.

Taking into account all the above described rules and parameters, in fig. 2 is shown a
block diagram for the algorithm of movement and rearrangement of the vehicle.

TC cnepenon oa IepecTpoemie oa

TOPMOZHT? ERITOMHO?
HET HET Crrzerme
CKOpOCTH TlepecTpocHne
Hyaen obee3n. ma
TpenATCTENA? ma
HET Tlepectpoemie
Tomcxerme , =pecip -
IlepecTpaneaerca CTeneHs «BERUHEOCTHY DezonacHo?
) Ioa ) O3 | CHOpOCTH
TC cbory MOZECMAET NPOITYCTHTE
B TR -psm? nepecrpa;mamme-em TC? AL TIporycka HET
’ ' opyroro TC
HET
HET Topmoxenue
a a
TC 6mrzxo I TC HEE peneeom 1 B p—
K memi? pany?
- CHTHANIA TIOEOPOTA
HET HET

Cropocte mensnie 02 TToemimenne v A2 TlepecTpoesme. J2 TTepecTpoerme . 02

FeNaeMOoH? HEEO03MOEHO? BREITOOHO? bezomacHo?
TTepecTpoerne
HET HET TorRIIIIEHNE HET HET
LA TlponoKeHHE NEICKEHHA
E TEKYIIEM PATY
Fig. 2

Transport Network Modeling

The network of intersections in the model is considered as a graph with vertices at the
intersection nodes. Let us introduce a uniform two-dimensional square grid (i, j), where
i,j =0,..,m. Infig. 3 is shown a schematic representation of a transport network model
and signals on it.

5595 http://www.webology.org



Webology, Volume 19, Number 1, January, 2022

Aui+1,j
i+1 |
Si,j-1: g
Wi : Wi Wi | u
J oo Y T > J > i
i U > 4
"' Ui U Uija1 K
€-===-=== — v ” voo_
: Eijq Ei Qv +boj + =1
i-1 | <y
Si,j '
j'l J J+1 ui_”‘
Fig. 3 Fig. 4 Fig. 5

At each node (intersection) (i,) the traffic signal u;;(t) € {0,1}. If u;;(t) =1, then
traffic flows pass in the directions “East — West” and “West — East”, if u; ; (t) =0, then

traffic flows “South — North ”and“ North — South . It is assumed that the signals
u; j(t) remain constant (0 or 1) during the time interval At > 0, which is a priori, i.e.

Vi, j g (£) = [‘1’ fort € [kAt, (k + 1AE),Vk = 0, ..., N — 1,
Wthh |S equlvalent ul"j (t) = u’?,]X[O,At) (t) + + u?’]j_l)([(N_l)At'NAt) (t),

Lifa<t<b
where uf; € {0,1}, Y[ () = {0 ];therwise.

The traffic volumes arriving at the node (i, j) will be denoted by E; ;, W;;, N;; and S ;,
respectively, from the direction East, West, North and South. In fig. 4 is shown the
definition of the volume of incoming traffic. The distribution of the shares of the turning
traffic W; ; flow is shown in Fig. 5:

bl”; > 0 (turning left); cl”]’ > 0 (turning right);

al; =1 - b}, — c’; = 0 (proportion of continuing to move straight).

The rate of change in traffic volume is proportional to the sum of inflow and outflow flow
as follows.

Wi = —Aug ;Wi + Alali_qugj Wij_q + bl (1 —uy5-1)Nyjq
+efjo1 (1 —uyj-1)Sij-1]

Where A — proportionality factor to be calibrated according to the length of the signal
intervalAt, that is AAt < 1.
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It is assumed that at the nodes on the grid border the signal is in the “on” position for i =
0,m + 1 and in the “off” state for j = 0,m + 1, if the flow is directed directly, then for
these nodes the expression for E; ,,, takes the form:

d
aEi,m = _A(ui,mEi,m - Ei,m+1)-

The values W; o, E;m+1, Nmy1i and So; (1 <1 < m) represent inflows to the boundary
nodes and are set a priori. Let x(t) denote a column vector of size 4m? x 1 for traffic
volumes (E; ;, W; ;,N; ,S; ;) at time ¢;

:j’ ,j’

T
x(t) = (El,l'Wl,lle,lfSLl: ---:Em,m' Wm,m' Nm,m' Sm,m) .

The dynamics of change x(t) is represented in a compact form using the correspondingly
defined matrices A and B as follows:

m

(@) = A+ z u (OB |x(®) +5(£),0 < t < T,x(0) = x,

ij=1

Where s(t) — source that is due to inflow from boundary nodes. We denote the solution
by x = ®(u) € C[0,T], T = NAt, u is a column vector:

— (1,0 4,0 0 N-1 . N-1 N-1
u= (u1,1;u2,1»---»um,m» e Ugy U ,...,um,m).

Various results on similar problems are presented in works [7-16].

Numerical Simulation Results
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Consider a software package that implements the described model and the algorithm
shown in Fig. 2. The program is written in Java from NetBeans 8.2. The modeling
parameters are the initial data on the traffic flow and the roadbed configuration (number
of lanes, highway length, number of vehicles, time interval, flow courtesy factor). For a
traffic stream, the observation window displays the simulation results with the main
investigated characteristics of the stream. Comparison of the results with different
parameters allows you to choose the optimal configuration of the road surface (here
"optimal™ is the configuration that provides the lowest density or the highest flow rate).
To select random individual characteristics of drivers, pseudo-random number generators
are used. A method for changing the parameters of the model is proposed, which makes it
possible to obtain the required distribution of possible velocities. In fig. 6 is shown a
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special case of the configuration, which simulates the narrowing of the road "bottleneck".
Modeling such a situation can offer the organization of the traffic light mode of
movement in order to avoid unnecessary traffic jams.

NapaueTps! wonenupOsanks  Monennposakue TDRCHOPTHOO N0ToKa | MouOb B HACTDANEAHAN NAPANETIOB

Fig. 6

I simulate a stream of novice drivers with an uncertain driving style, the probability of
changing lanes p., is small, about 0.1 (they will expect a safer maneuver). If the
simulated stream is standard, then p.,, € (0.5;0.6). Taking into account the results
obtained in [5] and recommendations for choosing the value of the probability of random
slowdown for urban traffic — p,, € [0.1; 0.2], and for the highway — p,, = 0.5.

Conclusion

The proposed model can be used to solve urban planning problems. It can be used to
determine the optimal length of the acceleration lane, the length of the braking lane, the
optimal length of the dedicated lane for buses, etc. “Optimal” refers to the length or
configuration of the road that will result in the shortest travel spent on overcoming a
section of the road, as well as to move at the highest speed. The simulation of the results
correlates well with the theory of three phases of traffic flow proposed by Boris Kerner

[6].
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