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AUTOMATION OF THE COORDINATED ROAD TRAFFIC CONTROL PROCESS

Purpose. To increase output of traffic network while deriving new dependencies of transport flow characteristics upon control
law parameters and using them to develop an algorithm to automate a process of the transport flow coordinated regulation within
towns and cities.

Methodology. The aggregated simulation model, describing processes of road traffic formation within a local section of urban
traffic system, is used for the analysis of dependencies to assess quality of transport flow control upon correcting conditions being
parameters of traffic cycles within intersections. The abovementioned should involve a PID controller as well as a negative feed-
back idea to automate control of the road traffic process. In this context, control criterion is applied to determine critical flow in-
tensity if a traffic jam occurs. The criterion makes it possible to identify changes in the road traffic nature. To determine the optimal
settings of the PID controller for different stocks of the stability control system, the standard deviation of the controlled variable
from the set value and the mean static control error are defined.

The derived dependencies of control quality criteria upon a law of flow regulation have helped develop a new algorithm of the
coordinated automated road traffic control within a local section of urban traffic section using standard control action. Simulation
experiments made it possible to assess efficiency of the proposed algorithm of control compared with available ones applied in
terms of different road conditions.

Findings. As a part of the studies, algorithm of the coordinated automated road traffic has been developed. It helps support
maximum output of road systems while monitoring changes in the traffic environment characteristics.

Originality. For the first time, dependencies of assessment criteria of traffic flow control upon the parameters of a law of flow
intensity regulation have been identified if maximum output of road systems is provided. The dependencies have helped substanti-
ate optimum control criteria for different road conditions while automating a process of coordinated traffic flow regulation within
local section of urban traffic network.

Practical value. The proposed dependencies of assessment criteria of traffic flow control upon the parameters of a law of flow
intensity regulation as well as the algorithm of automated coordinated control are the theoretical foundations to solve such an
important applied scientific problem as automation of a process of urban traffic flow regulation.
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Introduction. Poor traffic capacity is the problem being
common for all cities; especially, it concerns their central areas
[1]. The fact can be explained by the following: the current
road urban infrastructure was developed in a long time for traf-
fic flows [2] which were less intensive to compare with the
present ones. The World Bank has published a forecast ac-
cording to which the number of vehicles will double up to the
year of 2050; thus, their quantity will move beyond 2 billion
ones. In addition, it is expected that future population growth
will change traffic conditions of metropolitan cities for the
worse [3]. The problem needs its comprehensive solution be-
ing both adaptation to the significant traffic environment and
pedestrian flows of street and road infrastructure (i.e. road
widening, construction of multi-level road junctions, inter-
changes [4] and so on), and implementation of smart coordi-
nated management of urban traffic flows [5]. The latter in-
volves analysis of traffic streams in terms of all their urban
routes to form the unified control strategy. It should be men-
tioned that the strategy development is among the mandatory
functions of such intelligent systems as a ‘Smart City’ [6]. Cur-
rently, the problem is topical and remains unsolved.

Unsolved problem. According to the ‘Smart City’ concept,
modern intellectual systems to manage road traffic involve
complex multilevel structure with numerous spatially distrib-
uted elements and significant degree of centralization [7, §].
Hence, on-line processing of data concerning traffic situation
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in a city as well as its control formation based on it needs both
rapid and reliable (and thus expensive) information transmis-
sion channels. Moreover, increase in the area of sections of
urban traffic scheme within which traffic flows are controlled
in the coordinated manner factors into substantial growth in
data to be analyzed in real time. The abovementioned influ-
ences negatively both efficiency of the data processing algo-
rithms and formation of the strategy to control the road traffic.

Decentralized management system is alternative to the in-
tellectual systems of traffic control with a high centralization
degree [9, 10]. The system consists of an aggregate of relatively
independent local networks controlling traffic flows within
small areas of urban traffic scheme. In the context of certain
road conditions, such local networks may use simple algorithms
of automated control of basic parameters of traffic flows com-
monly applied for controllers at a lower level of the automated
control systems. Moreover, development and maintenance of
such a decentralized system are cheaper since its step-by-step
implementation is possible. Hence, a fewer number of hardware
resources as well as data ones are required for functioning.

Literature review. Traffic jams exert downward pressure on
travel time, fuel consumption, and environment. Despite the
responsiveness, the tailored solutions are developed and im-
plemented (the strategies depend upon housing density and
features of the built environment), activities in the field are in
constant progress. However, up to now no universal approach
to be applied for any agglomeration has been devised.

Paper [11] confirms that UAVs (drones) will be essential for
the development of urban traffic networks from the viewpoint
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of traffic safety and monitoring as well as from the viewpoint of
road infrastructure control. Papamichail, et al. [12] represented
a set of new challenges and associated developments concern-
ing simulation, evaluation, and traffic management in the high-
ways. Nevertheless, the majority of the authors adhere to classi-
cal ideas as for the problem solving and consider procedures of
the centralized approach and decentralized approach to control
traffic within the urban networks. Paper [7] deals with an ap-
proach in terms of which the centralized system of traffic con-
trol calculates routes of each vehicle. Routing is analyzed basing
upon the shortest way within a time-dependent static network,
and influence of traffic rerouting procedure on the total way
time. Griiner and co-workers [8] believe that optimum road
network distribution is that very promising approach to prevent
traffic jams. The abovementioned can be computed with the
help of the centralized system of traffic management and for-
mulated in the form of routing recommendations. To define
optimum vehicle routes in Birmingham (Great Britain) and
Turin (Italy), paper [13] proposes a new dynamic simulation-
based centralized approach with the use of a cost function. The
following has been selected as the criteria: average traffic speed;
vehicle density; road width and length; and availability of traffic
light regulation. Using a system of optimal control, based on
kinematic wave model by Hamilton-Jakobi, study [14] develops
and analyzes traffic control procedures in London (Great Brit-
ain). Test scenarios rely upon actual road conditions. Specific
attention is paid to compare efficiency increase and computa-
tional efforts of two strategies (i.e. centralized and decentral-
ized) under different conditions.

Paper [15] considers the decentralized approach, being an
alternative for the centralized one, in terms of which certain
crossings are able to shape asynchronously their own control
policies. The authors prove that the abovementioned helps im-
prove and stabilize the whole control system even if congestion
takes place. The above is the substantial advance in the process
of adaptive control system development with the use of the de-
centralized optimization methods. Study [15] is the most im-
portant among those ones keeping off the connected cars [16]
and distributing to adaptive control of network traffic with un-
certainty using the advanced simulation and optimization tech-
niques. Study [17] represents the decentralized system to con-
trol traffic; it incorporates dynamic traffic routing and traffic
control at the crossroads without traffic lights for the connected
vehicles. Thorough research by Yao and Li [18] proves that the
decentralized control system, requiring less technical maturity
and infrastructural investment, may be more advantageous to
compare with the centralized one in the context of critical and
congested traffic. Wang, et al. [19] provide incentive-based
strategy of the decentralized routing. Moreover, they think it
helps bring the network efficiency closer to a system optimum.
Sun and Yin, authors of paper [20], substantiate theoretically
and numerically that the decentralized system may be flexible
and scaled; in addition, it may be implemented in real time.

Hence, an approach to develop the decentralized traffic
control was selected in the research as a basic one.

Unsolved aspects of the problem. Paper [21] has laid the
foundations for the automated coordinated control of traffic
flows within a local section of an urban traffic network. How-
ever, lack of an integrating component in the control algorithm,
proposed by [21], results in nonavailability of a mechanism of
the static error compensation in terms of control. It is particu-
larly significant if complex perturbing effects (i.e. changes in
characteristics of external traffic flows or road networks them-
selves) vary a dependence of traffic flow intensity upon the basic
control influence (i.e. the number of vehicles passing through
along the major routes per unit of time). Hence, it is impossible
for the control algorithm to involve the assigned certain con-
stant value of a control signal which will always have corre-
sponding critical value of traffic flow intensity.

We support the idea by means of a simulation model of a
traffic network described in [21]. The model makes it possible

to monitor the basic characteristics of traffic flows in real time
taking into consideration the parameters of road networks in-
fluencing capacity of the routes. Input data of the model corre-
spond to actual characteristics of traffic flows as well as param-
eters of highway networks in the city of Almaty (Kazakhstan).

Disadvantage of the algorithm proposed by [21] is as fol-
lows. Intensity of the major traffic, being critical from the
viewpoint of jams, is assumed as an invariable value.

‘What actually happens is that it depends upon road condi-
tions being variables (i.e. characteristics of traffic flows during
rush hours and capacity of the main route). Fig. 1 demon-
strates traffic flow dynamics calculated with the help of the al-
gorithm, proposed by [21]. The dynamics involves other road
conditions, i.e. when critical intensity of the flow is 1.5 unit/s.

Fig. 1 explains that the system of the automated coordi-
nated control of a traffic flow cannot support the specified in-
tensity at 1.5 unit/s level. First of all, it depends upon the fact
that changes in road conditions vary critical traffic flow intensi-
ty-the system stimulus dependence (i.e. the number of vehicles
passing through along the major route per unit of time).

In this respect, a new approach is proposed as for the devel-
opment of an algorithm of the coordinated control of traffic
flows based upon typical laws of the automated control in terms
of actual low intensity deviation from the specified critical level.

Methods. The aggregated simulation model, describing
processes of road traffic formation within a local traffic network
section, was used to obtain both static and dynamic characteris-
tics of each flow for the section. The research concerning de-
pendencies of stimulus (being parameters of light cycles at the
junctions) upon traffic flow characteristics if PID controller and
negative feedback principle are applied to automate road traffic
control. In this context, a control criterion was applied to deter-
mine critical flow intensity if a traffic jam occurs. The criterion
helps identify changes in the road traffic behaviour. Standard
deviation of the controlled quantity from the specified value as
well as average static control value was determined to identify
optimum PID controller settings for different margins of the
control system in terms of its sustainability. Computational ex-
periments were used to assess efficiency of the proposed algo-
rithm in comparison with the available control algorithms.

Purpose. The purpose is to improve capacity of road net-
works while deriving new dependencies of light cycle parame-
ters at the junction upon characteristics of road traffic and us-
ing them to develop an algorithm to automate a process of the
coordinated control of urban traffic flows.

Results. Specific features of the traffic system described by
[21], used as the research tool, are as follows. It has the branched
structure; its components have non-stationary characteristics;
and signals between elements are complex and variable. Hence,
from the viewpoint of the automated control theory, a traffic sys-
tem is quite a complicated nonlinear non-stationary control ob-
ject with a discrete-time signal. The traditional method of syn-
thesis of the automated control systems is not applicable for such
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Fig. 1. Time variation of average intensity of a traffic flow in
terms of the major route and the known control algorithm
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objects. Thus, the simplified dynamic model of control objects
will be used instead of the complicated simulation model of a
traffic network. For the purpose, in the light of nonavailability of
apparent changes in the intensity dynamics of a traffic flow as
well as availability of transport delay due to the flow intensity
control at a distance from a junction, a structure of the simplified
model of a control object is proposed in the form of two aperi-
odic series-connected links and a link of transport delay (Fig. 2).

The purpose built app Control and Estimation Tools Manager
of mathematical package MATLAB was applied to identify para-
metrically the simplified model of the traffic system. While opti-
mizing in terms of the identification results, local optimum was
achieved according to which the normalized standard deviation of
temporal change in graphs of the traffic flow intensity, obtained
using both simplified and complicated simulation models, was
0.91 (the unit corresponds to absolute coincidence of the graphs).
In this context, both time constants of aperiodic links were
22.075 s; gain factor was 1.355; transport delay time was 179.37 s.

Consideration of the results of parametric identification of
a dynamic model of a traffic network made it possible to de-
velop the simplified dynamic model of the automated control
of traffic flow intensity in terms of the major route (Fig. 3).

The flow control algorithm is implemented in the block
simulating PID controller operation (P/D Controller in Fig. 3)
in the form of a proportional-integral-derivative (PID) control
law. The control is exercised in terms of a traffic actual inten-
sity deviation from the specified critical level being 1.5 unit/s
(Constant block in Fig. 3).

The customized pidtool app of MATLAB package was ap-
plied to adjust the PID controller (to synthesize the automated
control system). The app demonstrates qualitative results as
for the control system synthesis in the context of linear and
simple dynamic models of the control objects. However, it op-
erates incorrectly if the control object is highly nonlinear with
the impulse shaped signals. Hence, it turned out to be inap-
plicable while synthesizing the system on the basis of the com-
plicated simulation model of a traffic system.

Synthesis of the automated control of a traffic flow based
upon the simplified dynamic model of a control model made it
possible to derive such controller adjustments providing mono-
tonic transition process with up to 500 s duration being reason-
able in view of the fact that temporal changes in deterministic
component of characteristics of traffic flows are tenfold slower.
In addition, quite sufficient sustainability of the control system is
provided in terms of amplitude (9.74 dB) and phase (60 degrees).
The abovementioned is rather important requirement from the
viewpoint of nonstationary nature of traffic flow characteristics.

After the algorithm of traffic flow intensity, reflecting ap-
proximately characteristics of the transport network, was de-
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Fig. 2. Structural patterns of the simplified dynamic model of a
traffic network
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Fig. 3. Structural pattern of the system of the automated traffic
control

veloped using the simplified dynamic model of a control ob-
ject, check up its efficiency in regard to a more complex simu-
lation model being closer to the actual traffic system in terms of
its characteristics from the viewpoint of the vehicle flow forma-
tion. For the purpose, combine the simulation results under
the conditions of the available algorithm controlling traffic
flow, described by [21], and the proposed algorithm (Fig. 4).

Fig. 4 explains that the system of the automated control of
traffic flow intensity, implementing the proposed PID control-
ler-based algorithm, operates correctly in contrast with the
control system implementing an algorithm described by [21].
If a PID controller is applied (the dotted line in Fig. 4), then
during the whole simulation period, the traffic flow intensity is
around the specified 1.5 unit/s level with minor deviations
from it. The abovementioned depends upon availability of a
dynamic random component within the characteristics of traf-
fic flows which cannot be compensated. In turn, if an algo-
rithm, proposed by [21] is used (the solid line in Fig. 4), then
rush hours demonstrate heavy deviations of the flow intensity
from the specified critical level; hence, the control system is a
poor one. It is inadmissible that intensity exceeds significantly
its critical level resulting in congestion.

It is seen in Fig. 4 that in terms of the major route, average
intensity of traffic flow intensity after diffusion of groups of ve-
hicles demonstrates availability of a random component. Un-
der the conditions, relative standard deviation o and static er-
ror A are the classic criteria to evaluate the control quality.

To analyze efficiency of the proposed algorithm for the co-
ordinated automated control of traffic flows in terms of differ-
ent road conditions, determine dependence of the designated
criteria of control quality (i.e. o and A) upon PID law of in-
tensity control of the major traffic flow. In this regard, taking
into consideration the nonstationary nature of characteristics
of traffic flows, sustainability reserves of the control system in
terms of amplitude and phase have been selected as the basic
parameters of a control law since they identify the system ro-
bustness level. The mentioned dependencies were obtained
using the aggregated simulation model of a traffic system [21]
and they are shown in Figs. 5 and 6.

Analysis of Figs. 5 and 6 helps conclude that there are op-
timum adjustments of the PID controller of traffic flow inten-
sity in terms of the major route which correspond to minimum
extrema in the Figures. In this regard, the conclusion is true
relative to the standard deviation of the actual traffic flow in-
tensity from its critical level as well as to the static control error.
Optimum adjustments of the PID controller of traffic flow in-
tensity follow the control system sustainability in terms of am-
plitude (14 dB) and phase (69 degrees).

Then, let us study the efficiency of PID control law of in-
tensity of the major traffic flow with optimum adjustment for
different road conditions.
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Fig. 4. Temporal changes in average traffic flow intensity ac-
cording to its major route in terms of the known control al-
gorithm (solid line) and the proposed one (dotted line)
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Fig. 5. Dependence of standard deviation of the controlled val-
ue upon the specified value (solid line) and that of average
static control error (dotted line) upon the system sustain-
ability in terms of amplitude
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Fig. 6. Dependence of the standard deviation of the controlled
value upon the specified value as well as average static control
error (solid line) and that of average static control error (dot-
ted line) upon the system sustainability in terms of a phase

Fig. 7 demonstrates simulation results of the coordinated
automated control of traffic flows depending upon substantial
changes in the velocity the traffic flow is crossing a junction
which generates significant changes in the intensification coef-
ficient in terms of a control channel.

Analysis of Fig. 7 helps conclude that for the significantly in-
creased velocity as well as for the significantly decreased velocity
of a junction crossing by the major traffic flow, the automated
control system provides efficient stabilization of the actual traffic
flow intensity at the specified critical level being 1.5 unit/s. It is
understood that if acceleration is available during a junction
crossing by the major traffic flow, then the control object has
more complicated characteristics due to which heavier deviations
of actual flow intensity from the specified level take place. How-
ever, the deviations are short-time ones being no more than 15 %.

Fig. 8 shows simulation results of the coordinated automated
control of traffic flows in terms of significant changes in spatial
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Fig. 7. Temporal changes in average intensity of a traffic flow if

velocity of a junction crossing by the major transport flow
experiences 30 % acceleration (dotted line) and 30 % de-
celeration (solid line)

velocity of the major flow of traffic between junction and control
point of the flow intensity; the abovementioned gives rise to sub-
stantial changes in the traffic delay in terms of a control channel.

Analysis of Fig. 8 helps conclude that for significantly in-
creased spatial velocity as well as for significantly decreased
spatial velocity of a junction crossing by the major traffic flow,
the automated control system also provides efficient stabiliza-
tion of actual traffic flow intensity at the specified critical level
being 1.5 unit/s. Also, the analysis makes it possible to con-
clude that if the increased spatial velocity of the major traffic
flow between a junction and a control point of the flow inten-
sity takes place, then the control object has more complex
characteristics due to which greater variations in the actual flow
intensity happen. However, their amplitude is not more than
20 %. Moreover, variations in flow intensity, involving signifi-
cant amplitudes (i. . up to 20 %) are short-term ones and rare.

In addition, to support efficiency of the proposed algorithm
of the coordinated automated control of a traffic flow, the experi-
ment, based upon a simulation model of a traffic system, quality
control criteria was derived for other flow characteristics which
experienced significant variations. Hence, average standard devi-
ation ois 3.7 % and relative error A is 2.94 % for 30 % acceleration
of the major traffic flow crossing a junction while for 30 % de-
crease g is 1.85 % and A is 1.49 % in terms of deceleration.

In turn, for spatial velocity of the major traffic flow be-
tween a junction and control point of the flow intensity, in-
creased by 30 %, average standard o deviation is 4.34 % and
relative A error is 3.42 %. Average standard ¢ deviation is
3.58 % and relative A error is 2.82 % if the spatial velocity de-
creases by 30 %.

Conclusions. Efficiency of the use of standard control law in
the context of the automated control theory has been proved to
set the coordinated automated control of traffic flows within a
local section of urban traffic network. It has been proved that
the abovementioned is possible if transition takes place to the
simplified dynamic model of a traffic system as a control object
while adjusting PID controller of flow intensity. It has been
identified that optimum values of flow control parameters are
available in terms of which minimum standard deviations of ac-
tual flow intensity from its critical level are observed as well as
static control error. It has been proved that PID law of a traffic
flow intensity control is also efficient in terms of significant
changes in characteristics of traffic flows and road conditions.
The results are foundations to developed so-called lower level of
smart decentralized control of urban traffic. The level is re-
quired to solve a problem of implementing commands as for the
data provision at higher level of characteristics of traffic flows.

References.
1. Turpak, S., Trushevsky, V., Kuz’kin, O., Gritcay, S., & Taran, I.
(2021). Improving the efficiency of vehicle operation and its environ-
mental friendliness within the controlled crossings. Transport prob-
lems, 16(3), 119-130. https://doi.org/10.21307 /tp-2021-046.

2 1), Eit/s&

(e}

14 ; ,')‘ i : 1

t-107, sec
0 05 1 15 2 25 3 35 4 45

Fig. 8. Temporal changes in average intensity of a traffic flow if
either 30 % spatial velocity increase (dotted line) or 30 %
spatial velocity decrease (solid line) happens between a
Jjunction and control point of the flow intensity

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2022, N° 1 161



2. Taran, 1., & Litvin, V. (2018). Determination of rational parameters
for urban bus route with combined operating mode. Transport Prob-
lems, 13(4), 157-171. https://doi.org/10.20858 /tp.2018.13.4.14.

3. Michailidis, I.T., Manolis, D., Michailidis, P., Diakaki, C., & Kos-
matopoulos, E.B. (2020). A decentralized optimization approach em-
ploying cooperative cycle-regulation in an intersection-centric manner: A
complex urban simulative case study. Transportation Research Interdisci-
plinary Perspectives, 8,100232. https://doi.org/10.1016/j.trip.2020.100232.
4. Solecka, K., Dumanowski, L., Taran, I., & Litvinova, Y. (2021). Ap-
plication of the Hierarchy Analysis Method to Assess Interchanges in
Cracow. Sustainability, 13,10593. https://doi.org/10.3390/su131910593.
5. Kapitanov, V., Silyanov, V., Monina, O., & Chubukov, A. (2018).
Methods for traffic management efficiency improvement in cities.
Transportation Research Procedia, 36,252-259. https://doi.org/10.1016/].
trpro.2018.12.077.

6. Fanitabasi, F., Gaere, E., & Pournaras, E. (2020). A self-integra-
tion testbed for decentralized socio-technical systems. Future Genera-
tion Computer Systems, 113, 541-555. https://doi.org/10.1016/j.fu-
ture.2020.07.036.

7. Agafonov, A., & Myasnikov, V. (2017). Efficiency comparison of the
routing algorithms used in centralized traffic management systems.
Procedia Engineering, 201, 365-270. https://doi.org/10.1016/j.pro-
eng.2017.09.617.

8. Griiner, S., & Vollrath, M. (2021). Challenges for obtaining a sys-
tem-optimal traffic distribution by giving route advice due to the bi-
ased memory of congestion. Transportation Research Procedia, 52,
396-403. https://doi.org/10.1016/j.trpro.2021.01.046.

9. Zhu, Zh., Adouane, L., & Quilliot, A. (2021). A Decentralized Multi-
Criteria Optimization Algorithm for Multi-Unmanned Ground Vehi-
cles (MUGVs) Navigation at Signal-Free Intersection. /FAC-PapersOn-
Line, 54(2), 327-334. https://doi.org/10.1016/j.ifacol.2021.06.038.

10. Maske, H., Chu, T., & Kalabi¢, U. (2020). Control of traffic light tim-
ing using decentralized deep reinforcement learning. /FAC-PapersOn-
Line, 53(2), 14936-14941. https://doi.org/10.1016/j.ifacol.2020.12.1980.
11. Outay, F., Mengash, H.A., & Adnan, M. (2020). Applications of
unmanned aerial vehicle (UAV) in road safety, traffic and highway in-
frastructure management: Recent advances and challenges. Transpor-
tation Research Part A: Policy and Practice, 141, 116-129. https://doi.
org/10.1016/j.tra.2020.09.018.

12. Papamichail, I., Bekiaris-Liberis, N., Delis, A. 1., Manolis, D.,
Mountakis, K. S., Nikolos, I. K., ..., & Papageorgiou, M. (2019). Mo-
torway traffic flow modelling, estimation and control with vehicle au-
tomation and communication systems. Annual Reviews in Control, 48,
325-346. https://doi.org/10.1016/j.arcontrol.2019.09.002.

13. Amer, H.M., Al-Kashoash, H., Hawes, M., Chaqgfeh, M.,
Kemp, A., & Mihaylova, L. (2019). Centralized simulated annealing
for alleviating vehicular congestion in smart cities. Technological Fore-
casting and Social Change, 142, 235-248. https://doi.org/10.1016/j.
techfore.2018.09.013.

14. Chow, A.H.F,, Sha, R., & Li, S. (2020). Centralised and decen-
tralised signal timing optimisation approaches for network traffic con-
trol. Transportation Research Part C: Emerging Technologies, 113, 108-
123. https://doi.org/10.1016/j.trc.2019.05.007.

15. Su, Z.C., Chow, Andy H.F., & Zhong, R.X. (2021). Adaptive
network traffic control with an integrated model-based and data-driv-
en approach and a decentralised solution method. Transportation Re-
search Part C: Emerging Technologies, 128, 103154. https://doi.
org/10.1016/j.trc.2021.103154.

16. Bohnsack, R., Kurtz, H., & Hanelt, A. (2021). Re-examining path
dependence in the digital age: The evolution of connected car business
models. Research Policy, 50(9), 104328. https://doi.org/10.1016/j.re-
spol.2021.104328.

17. Nguyen, T. H., & Jung, Jason J. (2021). Ant colony optimization-
based traffic routing with intersection negotiation for connected vehi-
cles. Applied Soft Computing, 112, 107828. https://doi.org/10.1016/j.
as0c.2021.107828.

18. Yao, H., & Li, X. (2020). Decentralized control of connected au-
tomated vehicle trajectories in mixed traffic at an isolated signalized
intersection. Transportation Research Part C: Emerging Technologies,
121, 102846. https://doi.org/10.1016/j.trc.2020.102846.

19. Wang, C., Peeta, S., & Wang, J. (2021). Incentive-based decen-
tralized routing for connected and autonomous vehicles using infor-
mation propagation. Transportation Research Part B: Methodological,
149, 138-161. https://doi.org/10.1016/.trb.2021.05.004.

20. Sun, X., & Yin, Y. (2021). Decentralized game-theoretical ap-
proaches for behaviorally-stable and efficient vehicle platooning.
Transportation Research Part B: Methodological, 153, 45-69. https://
doi.org/10.1016/j.trb.2021.08.012.

21. Bublikov, A., Taran, 1., & Tokar, L. (2016). Power Engineering
and Information Technologies in Technical Objects Control. Leiden:
CRC Press/Balkema Book. Power Engineering and Information Tech-
nologies in Technical Objects Control/Annual Proceedings, 249-261.

ABTOMaTH3allisl MPOIECY KOOPAMHOBAHOTO
KepyBaHHs T0POXKHIM Tpadikom

. Opasbaesa', A. Abucanbaposa®, JI. Azabexosa’,
A. Bybaixoe*, I. Tapan*

1 — AxaneMmist JIOTICTUKU Ta TpaHCIIOPTY, M. AiMatu, Pecriy-
onika Kazaxcran

2 — AkajeMis IUBiNIbHOI aBialii, M. Anmatu, Pecniyonika Ka-
3aXCTaH

3 — Kazaxcekuii aBTOMOOUIbHO-AOPOXHIN IHCTUTYT iMEHi
JI.B. l'onvapoBa, M. AmmaTu, Pecriyoiika Kazaxcran

4 — HauioHaIbHUI TeXHIYHUI YHiBepcUTET «JIHIITpOBChKa Mo~
JliTexHika», M. [IHinpo, YkpaiHa, e-mail: bublikov.a.v@nmu.one

Mera. 36ibllIeHHS TPOIMYCKHOI 3MaTHOCTI TOPOXKHiX Me-
peX 3a paxyHOK OTPMMaHHS HOBUX 3aJICXKHOCTEM Xapakre-
PUCTUK TPAHCIIOPTHUX MOTOKIB BiJl TapaMeTpPiB 3aKOHY Kepy-
BaHHsI, CTBOPEHHS Ha iX OCHOBI aJITOPUTMY JIJISI aBTOMATH3a-
1ii mpouecy KOOpIUMHOBAHOTO KEepyBaHHS TPaHCIOPTHUMU
ITOTOKAMM B MiCTax.

MeTtoauka. 3a I10IOMOIOI0 arperoBaHoi iMiTaliitHo1 Mo-
IIeJTi, 0 OTHUCYE TIpoliecu (popMyBaHHS JOPOXHBOTO Tpadi-
Ky Ha JIOKaJIbHil JiJISTHLI MiCbKOI TPAaHCIIOPTHOI CXeMU, MPO-
BelleHi JOCIHIIXEHHS 3aJIeXXHOCTEN KPUTEPiiB OLliHIOBAaHHSI
SIKOCTi KepyBaHHSI TPAHCIIOPTHUMMU IMOTOKAMHU Bill KEPYIOUUX
BIUIMBIB, SIKUMU € MapaMeTpu CBITJI0(OPHUX LUKIIIB HA TIe-
pexpecTax, 3a yMoBM BukopuctaHHs [IIJI-perynsitopa ta
MIPUHIIATTY 3BOPOTHOTO Bill’€MHOTO 3B’SI3KY JJISI aBTOMATH3a-
L1 mpoluecy KepyBaHHs H0poxkHiM Tpadikom. [Tpu ibomy, B
SIKOCTi YCTaBKM JIJISI CUCTEMU KepYBaHHSI, 3 ypaXyBaHHSM I10-
CTaBJICHOI METU, 3aJlaHa KPUTUYHA iHTEHCUBHICTh TTOTOKY 32
BUHUKHEHHS 3aTOPiB, MIJIs BUBHAYCHHS KO BUKOPUCTAHUI
KPUTEpiii KepyBaHHSI, 110 JO3BOJSIE ileHTU(DIKYBaTh 3MiHY
XapakTepy MTOPOXHBOTO Tpadiky. [as BU3HAYEHHS ONTH-
MasIbHUX HajamTyBaHb [T1[1-peryasTopa st pi3HUX 3amnacis
CHCTeMM KepyBaHHS 3a CTIilKiCTIO BCTAHOBJICHI CepeIHbO-
KBaJpaTUYHE BiIXMJICHHS KEPOBAHOI BEJIMUMHU Bill 3aJaHOTO
3HAYCHHSI Ta CEPEeIHS CTaTUIHA ITOMUJIKA KEPYBaHHS. 3a 10-
TMOMOI'0I0 O0UYHCIOBAJIbBHUX €KCIIEPUMEHTIB OlliHeHa edek-
TUBHICTb 3aIPOIMOHOBAHOIO AJITOPUTMY B MOPiBHSIHHI 3 iCHY-
IOYMMMU aJITOPUTMaMU KEPYBaHHSI 32 Pi3HUX JOPOXKHIX YMOB.

PesyabraT. Y Xozi mociimikeHb po3poOiIeHO aJlfTOPUTM
KOOPAMHOBAHOTO aBTOMATUYHOTO KEpYBaHHS JOPOXKHIM
TpadikoM, 110 TO3BOJISIE 3a PAXYHOK BiICTEXKEHHS 3MiH Xa-
PaKTepUCTUK TPAHCHIOPTHUX MOTOKIB MiITPUMYyBaTH MaKCH-
MaJIbHY TIPOITYCKHY 30aTHICTh TOPOXKHIX MEPEXK.

HaykoBa HOBHM3HA. Yriepille BU3HAYEHI 3aJIeXKHOCTi KpU-
TepiiB OLIiHIOBAHHSI SIKOCTi KEPYBaHHSI TPAHCIIOPTHUMU TMO-
TOKaMU BiJ TMapaMeTpiB 3aKOHY KepyBaHHSI iHTEHCHBHICTIO
MOTOKIB 32 YMOBHU 3a0€3Me4eHHSI MAaKCUMAaJIbHOI TTPOITYCKHOI1
30aTHOCTI JOPOXHIX Mepex. BcTaHOB/IEeHI 3aieXHOCTI H0-
3BOJIMJIA OOTPYHTYBATH ONTUMAJIBHUN 3aKOH KepyBaHHS JIJIsT
PiZHUX TOPOXKHIX YMOB i 32 paXyHOK 1IbOTO aBTOMAaTU3yBaTh
Mpo1IeC KOOPAMHOBAHOTO KepyBaHHS TPAHCIIOPTHUMMU ITOTO-
KaMU Ha JIOKaJIbHIiN AiISIHII TpaHCIOPTHOI CXeMU MicTa.

IIpakTiyna 3HaYMMIiCTb. 3aTTPOITIOHOBAHI B po0OOTi 3a1ex-
HOCTi KpUTEPIiB IKOCTi KepyBaHHsI TPAaHCIIOPTHUMU MOTOKA-
MM Bill TapaMeTpiB 3aKOHY KepyBaHHSI TOPOXHIM TpadikoM, a
TaKOX aJITOPUTM aBTOMAaTUYHOTO KOOPIMHOBAHOTO KEPYBaH-
HSI HUM € TEOPETUYHOIO OCHOBOIO IJII PO3B’sI3aHHS BaXKJIMBOL
HayKOBO-MPUKJIAAHOI 3aJayi aBTOMaTU3allil Mpoliecy Koop-
MMHOBAHOTO KEPYBaHHS TPAHCIIOPTHUMHM ITOTOKAMHM B MICTi.

KirouoBi ciioBa: mpancnopmui nomoku, Koopounosaue Ke-
DPYBaHHS, IMIMmauiline MOOeA08AHHS
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