DOI: 10.14529/ctcr160115
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This paper describes continuation of the authors’ work in the field of traffic flow mathematical
models based on the cellular automata theory. The refactored representation of the multifactorial
traffic flow model based on the cellular automata theory is used for a representation of an adaptive
deceleration step implementation. The adaptive deceleration step in the case of a leader deceleration
allows slowing down smoothly but not instantly. Concepts of the number of time steps without con-
flicts and deceleration aggressiveness coefficient are introduced. Also in this paper a new step type
for models based on the cellular automata is formulated on the example of a stop signal. The new
step type unites notification and signalization steps. The new step type extends the concept of the
three-stepped unified representation of the traffic flow models based on the cellular automata that
was formulated in the previous authors’ work.

Keywords: modeling, traffic flow, cellular automata, traffic, adaptive deceleration, formali-
zation.

Introduction

In the paper [1] the three-stepped unified representation of the traffic flow models based on the cel-
lular automata was introduced. This unified representation included three step types of the cellular au-
tomata work: velocity changing, validation and driving. The last step is always the driving step. Before
this step there could be any number of velocity changing and the result velocity validation steps.

In the paper [2] the way how the refactoring approach could be applied for several cellular automata
traffic flow models was demonstrated. The goal of such refactoring was a unification of these models
representation. In particular the multifactorial model representation that is described in the work [3] was
reformed. The work algorithm of this model is much easier to analyze for the refactored representation
than for the original one. This simplified analysis allows to identify steps which behavior could be im-
proved to achieve more realistic results of the modeling process.

1. Model Environment and Notations

Let’s assume that we have a two-dimensional matrix L, which consists of cells with a fixed length.
M and N parameters determine the height (lanes number) and the weight (road length) of the matrix re-
spectively. At any given moment of time each cell can be empty or occupied by a vehicle. Each vehicle
length could vary and be more or equal to one cell.

Time t is a discrete quantity and has a step that equals to 1 second that is approximately a reaction
time of an average driver. The i vehicle position determines by m; u n; variables where m; is the traffic
lane and n; is the cell number on that traffic lane.

Velocity v; is measured in cells passed during the time step which is 1 second.

Hereinafter in the article the following notations are used:

t — current time step of the automaton work;

t — 1 — previous time step of the automaton work;

v; — returns velocity of the 7 vehicle;

gi — returns distance from the i vehicle to the leader;

Vmax — Maximally allowed velocity of the vehicles;

V; max; — Velocity that is maximally allowed by a Rules of the Road,;

v (€;) — maximum velocity of the vehicle that is limited by its technical characteristics;

Vrec;— recommended velocity according to the vehicle position;

& — random value that is distributed equally;
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Dsts — probability of the slow-to-start rule triggering;

dg¢s — limit distance when the slow-to-start rule is still applicably;

Dsq — probability of the spatial anticipation rule triggering;

dg, — limit distance when the spatial anticipation rule is still applicably;
b; — sign that the stop-light is on;

SSA — determines if a full stop of the vehicles is allowed.

2. Transition to Adaptive Deceleration Step

2.1. Original Model Representation

Let’s list the representation of the multifactorial model that was obtained in the paper [2].

1. Acceleration

ifE(t) < pses and v;(t — 1) = 0 and g; (¢t — 1) < dgs,

then v;(t) = 0, (1)
elsev;(t) =v;(t —1) + 1.

2. Deceleration

b;(t) =0,
if§(t) < psqgand v;(t —1) > 0and v;,1(t —1) > 0and g;(t — 1) < dg,
and (bj1(t — 1) = Lor vy, (¢ — 1) < (¢ - 1)), 2

then v;(t) = v;41(t — 1), b;(¢) = 1,

if v;(t) > g;(t — 1) then b;(t) = 1.

3. Random deceleration

if E(t) < p then v;(t) = v;(t) — 1. 3)

4. Validation of the recommended and the maximally allowed by the Rules of the Road velocities
exceeding

Ui(t) = min (vi (t): Vil max; (t - 1): Urec; (t - 1)) 4)

5. Velocity exceeding

if () <psand v;(t — 1) = v, maxi(t -1,

then Vi (t) =7; (t - 1) + 1. (5)
6. Validation of the maximally allowed velocity exceeding

v;(t) = min (v;(£), Vinax, Vm (€))- (6)
7. Validation of the negative velocity

if Vi (t) < 0 then vi(t) =0. (7)
8. Validation of the full stop

if v;(t) = 0 and SSA = F then v;(t) = 1. (®)
9. Validation of the leader vehicle impact

ifv;(t) > g;(t — 1) then v;(t) = g;(t — 1). 9)
10. Driving

Tll‘(t) = Tli(t - 1) + vi(t). (10)

The represented model aggregates the classical unidirectional multilane driving model, the slow-to-
start rule [4], the spatial anticipation rule [5], random velocity exceeding and also limits of the maximum

velocity (Vpmax, V1 max;> Ym (¢, vreci)-

2.2. Introduction of Adaptive Deceleration Step

Considerable disadvantage of this model is the deceleration step. The main reason of this is the fact
that the velocity deceleration to the leader velocity occurs instantly and only within the d, distance.

Also it’s possible that the next vehicle decreased its velocity but it’s still faster than the i vehicle
and in this case we would have unwanted velocity adaptation up to the next vehicle velocity with b;
signal on.

Formally this model uses the stop signal b;, but actually it isn’t the classical stop signal during a de-
celeration. It’s in some way an analog which for this model signalized about the velocity adaptation up
to the next vehicle velocity.

In this particular situation it seems efficient and not so difficult to modernize this model by a revi-
sion of the deceleration step. The main task here is the implementation of an adequate deceleration in
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response to the leader vehicle stop signal. From the real traffic point of view it would be an analog of
the progressive deceleration with the smooth distance decreasing to the leader vehicle.

Let’s introduce a notation vg;f,, which would denote the velocities difference between the i vehicle
and the next vehicle.

Vair; = Vi(t) — vip1(0). (11)

To be able to calculate the number of the time steps for which the leader vehicle impact is impossi-
ble we need to divide the distance to the leader g; on the velocities difference vy, and round it down.
Let’s introduce a function Z;, which returns the number of time steps without conflicts.

_ | 9®

4= L’difi(t) ' (12)

Now when we know the distance to the leader vg;f,, the number of time steps without conflicts Z;
and the fact that the current velocity won’t be changed we can calculate how much should we decrease
the velocity in the current time step to be able to decrease the velocity up to the leader one for the Z;
time steps. This velocity deceleration could be calculated as a relation of the velocities difference
Vgif;(t — 1) to the number of time steps without conflicts Z;(t — 1).

vaif; (t-1)

: (13)
Z;i(t-1)
Thus velocity changing for the deceleration step could be formulated in the following way:
vaif;(t—1)
vi(t) =v(t—1) - [WKagrl- (14)

In this case Kg g4, is the coefficient of the deceleration aggressiveness.

As a whole now the deceleration step would be formulated in the following way:

iff §(t) < psq and g;(t — 1) < dsq and (bj11(t —1) =1

or Vgir,(t —1) > 0)and 0 < Z;(t — 1) < Zypper» (15)
vaif. (t—1

then v;(¢) = v;(t — 1) — [% agr].

In this case Zypper is the upper limit of the number of time steps without conflicts above which
the deceleration is devoid of sense.

Besides changing of the new velocity formula as a reaction on the leader deceleration redundant
checks of non-zero velocities were removed.

Now we need to notify the vehicle behind about the fact that the velocity was decreased comparing
to the previous time step.

Let’s add a new notification step that would signal that the stop signal is on:

if v;(t) < v;(t —1),

then b;(t) = 1, (16)

else b;(t) = 0.

On the example of this step which in fact notify other drivers about the velocity decreasing there
could be introduced a new common step type for the traffic flow models based on the cellular automata
theory. The new step type unites notification and signalization steps which could be used for information
exchange modeling among the motoring public. In this paper the stop signal notification step
represented. Also it seems viable to investigate a possibility of performing notifications about the inten-
tion to change the traffic lane and waiting for a response from other vehicles.

As the result of the new step type introduction the three-stepped unified representation of the cellu-
lar automata traffic flow models is transformed to the four-stepped one. The result steps list would be
the following: velocity changing, validation, notification and driving.

Conclusion

In this article on the example of the refactored representation of the unidirectional multilane multi-
factorial traffic flow model the deceleration step was completely refined. The number of time steps
without conflicts Z; and the coefficient of the deceleration aggressiveness K4, were introduced. Also
the formula (14) was introduced. This formula allows to decrease the velocity smoothly in the response
to the deceleration of the leader but only within the decision making interval. The response velocity de-
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celeration has a stochastic nature and it won’t be made at all if there are enough time steps without con-
flicts according to the Zy;,per parameter.

Besides the deceleration step logic changing the b; signal meaning was changed. In particular
the transition from the pseudo stop signal modeling to the real one was made. Also the reaction on
the stop signal was modeled.

On the example of the stop signal the new fourth step type was added to the unified representation
of the traffic flow models based on the cellular automata. It is the notification (signalization) step type.

References

1. Shinkarev A.A. [Three-stepped Unified Representation of Traffic Flow Models Based on Cellular
Automaton)]. International Research Journal, 2015, no. 3(34), pp. 126—128. (in Russ.)

2. Shinkarev A.A. [Analysis and Refactoring of Representation of Traffic Flow Models Based on
Cellular Automaton]. In the World of Scientific Discoveries, 2015, no. 4.1(64), pp. 585-595. (in Russ.)

3. Dolgushin D.Yu. Primenenie kletochnykh avtomatov k modelirovaniyu avtotransportnykh poto-
kov [Appliance of cellular automata in traffic flow modeling]. Available at: http://bek.sibadi.org/fulltext/
epd624.pdf (accessed 01.08.2015).

4. Takayasu M., Takayasu H. 1/f Noise in a Traffic Model. Fractals, 1993, vol. 4, no. 1, pp. 860—
866.

5. Knospe W., Santen L., Schadschneider A., Schreckenberg M. Towards a Realistic Microscopic
Description of Highway Traffic. J. Phys. A: Math. Gen., 2000, no. 33, pp. 477-485.

Received 25 December 2015

YOK 62:004.942:004.4 DOI: 10.14529/ctcr160115

MOJEJIb TPAHCIOPTHbLIX MOTOKOB
HA OCHOBE KJIETOYHOIO ABTOMATA
C ADANTUBHBIM TOPMOXXEHUEM

A.A. llluHkapes
00O «741 Cmyduoc.py», e. EkamepuHbypa

PaccMoTpeHo npopoimkeHne paboThl aBTOpa B 00JIaCTH MAaTEMaTU4ECKUX MOJEINIEH TpaHCIOPT-
HBIX ITOTOKOB Ha OCHOBE TEOPHUH KIETOYHBIX aBTOMaToB. Ha mpumMepe nmepepaboTaHHOTO MPEaCTaB-
JIeHUs] MHOTO()aKTOPHOH MOZEIH TPAaHCIIOPTHBIX MIOTOKOB Ha OCHOBE TEOPUH KJICTOUYHBIX aBTOMAaTOB
NIPEACTaBIICHA pealli3anys [ara afanTHBHOTO TOPMOXKEHHS, KOTOPBIM B Cilydae TOPMOXKCHUS BIIe-
peny exymero TpaHCIOPTHOTO CPEACTBA MO3BOJSET CHMXKATh CKOPOCTh IUIABHO, @ HE MIHOBEHHO.
BBezneHbl MOHATHA KOJIMYECTBA TAaKTOB 0e3 KOH(IMKTa U KO3 duimeHTa arpecCHBHOCTH TOPMOJXKe-
Hust. Takxke B cTaThbe HA IIPUMEpPE CTOI-CUTHANIA ¢(hOPMYIIMPOBAH HOBBIH THII IIATOB IJIsl MOJIENICH Ha
OCHOBE KJIETOYHOTO aBTOMAaTa, KOTOPBIH OOBEAMHSIET Iard ONOBEIICHHS M CUTHanm3anuu. Hosblid
THUIT HIaroB pacmrpsA€T KOHUCTIIHUIO TpéXCTyHeH‘IaTOFO yHI/I(bI/II_II/IPOBaHHOFO MpEACTABIICHUA MaTc-
MaTHYECKUX MOJENeH TPAaHCHOPTHBIX MOTOKOB HAa OCHOBE KJICTOYHOTO aBTOMaTa, KoTopas Oblia
chopMyIHpoBaHa B MpeabIIyLIel paboTe aBTopa.

Knrouegvie cnosa: modenuposanue, mpaHchopmubiii NOMOK, KI€MOYHbIL A6MOMAm, 00POICHOE
osudicenue, a0anmueHoe Mopmodcenue, QopmMaru3ayusl.
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