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Abstract. This article develops an algorithm for synchronizing traffic light controller programs
on one route in accordance with the general plan from the core. The relevance of the problem
under consideration is described within the framework of improving the quality of functioning
of adaptive and intelligent traffic control systems. An analysis of domestic and foreign modern
solutions is carried out that ensure synchronization of traffic light modes in both local and
distributed control systems of traffic light objects. Based on the necessary initial data and entered
conditions that provide the required performance indicators of traffic control systems, an algorithm
for synchronizing traffic controller programs is developed. For clarification, a general diagram
of the synchronization algorithm is given. Conclusions are made on the results of testing the
algorithm in real conditions and the prospects for further development of this study are described,
including integration with existing control systems and the possibility of adaptation to various
urban infrastructures.
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AnHoTanmms. B nmaHHOI cTaThe OCYIIECTBISIETCS pa3paboTKa ajlfOpUTMa CUHXPOHU3AIUU
MIPOTpaMM JOPOKHOTO KOHTPOJIIepa Ha OMHOM MapIIpyTe B COOTBETCTBUU C OOIINM TLTAHOM OT
saapa. OTMChIBaeTCS aKTyaJIbHOCTh pacCMaTPUBAEeMOi 3a1aUi B TpaHUIIAX ITOBBIIIICHUS KauecTBa
(GYHKIIMOHMPOBAHUS afallTUBHBIX U MHTEJUIEKTYaJIbHBIX CUCTEM YIIPaBJICHUS JOPOXKHBIM B~
xxeHueM. [TpoBoauTCsS aHAIM3 OTEYECTBEHHBIX U 3apyOeXKHbBIX COBPEMEHHBIX PEllIeHU, obecrie-
YMBAOIINX CHHXPOHU3AIWIO CBETOMOPHBIX PEXKMMOB KaK B JIOKAJBHBIX, TaK W B pacIIpeeicH-
HBIX CHCTeMaX YIIpaBJIeHUs CBeTOMOPHBEIMU o0beKTaMK. Ha 0CHOBe HEOOXOOUMBIX MCXOMTHBIX
MaHHBIX W BBEICHHBIX YCJIOBHUI, O0OCCIICUMBAIOIINX TpeOyeMble TMoKa3aTteln 3(h(GeKTUBHOCTU
CHCTEM YIIPaBJICHUS JOPOXHBIM ABIDKCHHEM, PEaIM3YyeTCsI pa3paboTKa alropuTMa CHHXPOHU-
3allMUd MPOTPaMM JOPOKHOTO KOHTpoJsuiepa. s MossiCHeHUsT MPpUBOIMUTCS OOIasi cxema ajaro-
pUTMa CUHXpOHU3aIMU. [learoTcsi BBIBOJABI O pe3yjbTaTaX TeCTUPOBAHUS aJITOPUTMA B peaib-
HBIX YCIOBHSIX M OITMCHIBAIOTCS MIEPCIIEKTUBBI JaJTbHEUIIIETO pa3BUTHS JAHHOTO MCCIIETOBaHMS,
BKJTIOUAst MHTETPAIIUIO C CYIIECTBYIOIIMMU CUCTEMaMU YIIPABJICHUSI M BO3MOXHOCTh alalTaiuu
O[T, pa3IMIHbBIC TOPOACKHIE MHPPACTPYKTYPHI.

KnroueBble ci1oBa: JOPOXHBI KOHTPOJIEP, alTOPUTM CUHXPOHU3ALIMH, YIIpaBIecHUE CBETO(O-
POM, yIpaBjieHHUe, KOHTPOJIb JOPOKHOTO ABUKEHMS
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Introduction

In the modern world of cities with increasing mobility and movement of the population, traffic flow
is a vital part of the logistical, economic, and social life of the city [1, 2]. Therefore, the development of
traffic management systems is important and relevant. By improving its functionality [3], a wide range of
complex transport problems is solved today, such as: traffic jams and reduced speed caused by increased
traffic density; accidents and road traffic incidents resulting from traffic rule violations or decreased driver
attentiveness; optimization of priority passage modes for accelerated and continuous movement of special
transport and others. The key role in such traffic management systems is assigned to traffic light objects,
ensuring safety, efficiency, and smooth traffic flow on urban road networks.

The concepts of modern urban development within the framework of innovative technological ap-
proaches [4, 5] also indicate the improvement of traffic light objects' performance. The latter, according to
[5], affects aspects of various types of management in both local and network modes. When implementing
transitional modes, activating priority passage modes, changing coordination plans and other management
policies, the relevance and critical importance of ensuring program synchronization with smooth transi-
tion to the appropriate phase without introducing additional service modes (e.g., a special “all red” phase
after which synchronization occurs and the traffic light begins to operate in the planned mode) increase.

Thus, the development of a synchronization algorithm for traffic light objects is a serious scientific task,
the solution of which can improve the efficiency of the urban transport.

© CasaHoB A.M., 2024. U3gaTenb: CaHKT-MeTepbyprckunii NONMTEXHUYECKUIA YHUBEPCUTET MeTpa Bennkoro
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Domain Analysis

To date, domestic and foreign scientists have investigated a significant number of approaches,
methods and algorithms, regarding the issues of synchronization of modes and programs of traffic
light objects.

In [6], a comprehensive analysis of modern approaches to optimizing traffic control systems depend-
ing on the structural and functional features of intersections was performed.

In [7], a two-level approach to local and global synchronization based on traffic flow was proposed.
Local synchronization ensures autonomous adjustment of traffic light operating times based on current
traffic density within the traffic lane boundaries, while global synchronization determines the green
signal time of the traffic light based on the density of peer connections at various levels, as well as a set
of related parameters.

In [8], modern approaches to managing traffic light objects in real time at road junctions in smart cities
were analyzed. Features of traffic light signal synchronization algorithms on various busy routes to ensure
uninterrupted traffic at intersections were also disclosed.

In [9], the influence of vehicle density on optimizing traffic light retiming policies on Jalan Bukit Gam-
bir was investigated.

In [10], an IoT-based method for synchronizing traffic light signals was proposed to increase non-stop
runs between intersections by adapting traffic light phases, reducing average travel time compared to other
fixed-time traffic management strategies and unsynchronized control.

In [5], procedures for centralized and decentralized management of traffic light objects were developed
and analyzed based on the formulation of the Hamilton-Jacobi kinematic wave model. The proposed con-
trol strategies were tested on the real road network of London.

In[11, 12], modern architectures of intelligent traffic management systems were analyzed, allowing the
implementation of modern synchronization algorithms and ensuring compatibility when expanding the
preferred functionality through additional services.

Problem Statement

The development of a synchronization algorithm for traffic controller (TC) programs on a single route,
in accordance with the master plan from the core to the end point through precise time control, is an
important step towards optimizing transport infrastructure, ensuring efficient traffic functioning on urban
transport networks. In this work, we focus on the task of developing algorithms for synchronizing current
and new traffic light plans, which are changed by dispatchers (or a remote computer) of the Traffic Control
Center. Each program update command at a specific time plays a key role in balancing safety, efficiency
and convenience for all road users.

The object of the research is the traffic light control system. The subject of the research is the methods
and algorithms for synchronizing traffic light plans.

Main Part

Initial Data:
+ Traffic light objects (TCs) managed by an intermediate device (ID);
* Minimum number of phases in the program: 2;
* Maximum number of phases in the program: not specified (infinite);
* TC can be:
o Under the control of the ID-coordinated mode, in this case, the core knows exactly the cur-
rent TC program and its current phase;
o Inlocal mode:
= [fat least one TC cycle has passed, its local program and current TC phase are known;
= [fnot a single cycle has passed, we only know the number of the current phase.
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Fig. 1. Scheme of program synchronization on the traffic light controller

Conditions:

1. System time on the ID (at least within one route) is synchronized with an accuracy of =1 second.

2. The current operating phase of the TC is known.

3. TD is the time after which (deadline) the new program should be running on the TC, starting from
the first phase, and it is greater (TD >T ) than the remaining operating time of the current phase
of the old TC program;

a. If we apply a hard switch, then:

remains @

> mi ; —
TD mln[ijn(D’ Tmin(D Tcompleted part d)]’

where Tcompleted part @ - TCD " remains ®°

General scheme of the program synchronization on the TC is shown in Fig. 1.

Known:

* Program No.1 consists of N, phases: @, ® , @, ..., ®

* Program No.2 consists of N, phases: @, ®@°,, @’ , @’
where

. (I)] is phase 1 of Program No. 1 (initial phase);

. (I)2 is phase 2 of Program No. 1;

. (i[)k is the k-th phase of Program No. 1 (current phase of the program at the moment the message
about the program change arrives);

. (I)’n, (I)’n ., are the transitional phases based on the phases of the new Program No. 2, considering
the phase time correction matrix;

« T wransition 1S the transition process time (the time during which special transitional phases based on
the new program phases operate on the TC);

* nis the program number following k — k+1 (provided: k+1 if k+1 < N,, otherwise k = 1);

. (I)] is the phase with corrected phase 1, according to the phase time correction matrix;

. (I)'1 is the phase 1 of the new Program No. 2 (the initial phase of the new program; we assume that
it is from this phase that the program should start after TD occurs);

« T o; 18 the duration of phase No. i

N1°

o @’

n+1” ° N2°
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- T is the minimum duration of the phase, usually individually set for each phase; if not set, we

min®

assume the value > Tint (duration of the intermediate phase);

« T transition — T +T . is the duration of each specific transitional synchronization phase until
ransition @i corr®i

time T ; this formula is the essence of the synchronization algorithm (which will be explained below).

Description of the Algorithm

Assumptions:

» All calculations are performed on the ID.

* The algorithm is the same for all IDs controlling TCs on the route; calculations are performed on
the TC to reduce the load on the core, and because, when synchronizing times for program synchroni-
zation, one ID does not need to synchronize (knowing the phase times of another 1D) with another ID.

General scheme of the program synchronization algorithm for TC on a single route according to the
master plan from the core via program update command at a specific time (TD =T ) is shown in
Fig. 2.

Deadline

ALGORITHM START

Upon receiving a command to switch the phase at the time when this switch should occur (i.e., upon
receiving a new program and TD):
1. Perform a check of the received TD to ensure it is not less than:
a. The minimum time required to perform a hard program switch:
TD = mln[Tint; Tint o Telapsedcb]

(If this condition is not met, the program ends with an error) END
b. The minimum time required to perform a soft program switch:

TD - Trcmaininthasc

(If this condition is not met and an additional option for a hard switch is not set — return an error;
in case of a set option, from the next phase instead of the next phase of the old program, immediately
activate @, of the new program).

2. If the ID does not have information about which program the TC is operating on (e.g., the TC
was operating on a local program, the ID has recently turned on and has not accumulated statistical
information on the TC's operation), then the ID must perform a hard switch to d)'l of the new program
at the moment TD occurs (ensuring traffic safety by observing Tmin o) END

3. If the ID has information about which program the TC is operating on, the ID calculates the
remaining time of the current phase Tremaimngjhase. After the end of the current phase (®,) of Program
No. 1, it is further assumed that the time of the next phase ((Dn*) is taken from the new program. Then

romaining phase is compared with TD. If Tmmaimngjmsc > T, the ID must return an error. END

4. After determining T the ID calculates the remaining time for the transition process:

remaining_phase’

transition D remaining_phase

5. Then, it calculates the number of sequential transitional phases that can complete within T
and their total time T

sum_transition_phases

transition

(Important! T

= )
sum_transition_phases — ° transition
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Fig. 2. Scheme of program synchronization algorithm
for a traffic light object (road controller) on a single route

YES

"HARD" enable new
phase

— 0

sum_transition_phases - SUM(TLDn’ Td>n+1’ )

= COUNT(T,, T, ., -

transition_phases

6. Next, it calculates the remaining time (which is insufficient to process the next phase of the new
program cycle):

delta_sync transition sum_transition_phases

7. Then, it calculates the average number of corrected seconds per transition cycle:

T = DIV(T /N

avg_corr delta_sync transitionﬁphases)

(integer division)
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8. It calculates the final correction vector for all phases:

=T , where i is for all transitional phases from 2 to N_; for i = 1, a special formula is
corr_®i avg_corr 2
applied:
=T + MOD(T /N ) (accounts for the undistributed remainder from
corr_@1 avg_corr delta_sync transition_phases
integer division)
END OF ALGORITHM

Thus, after receiving the command to change the program with synchronization, the intermediate
device, having calculated the correction vector of phases according to the algorithm described above,
after the end of the current phase and until the deadline (T ), begins to operate according to the new
program, with the phase durations of this program changing according to the formula:

ransition @i T, + Tcmi o; (this is why the phase is called transitional).

The developed algorithm ensures smooth phase synchronization and transition to the new program
after its receipt, i.e., bringing the TC from the current state to the required one in the time necessary to
activate the first phase of the new program, i.e., within TD.

Considering time synchronization, if such an algorithm is successfully executed on all TCs, then all
TCs are synchronized by the time TD.

The algorithm was implemented in Go 1.18. The program text of the developed algorithm is posted
on GitHub'.

Testing and practical approbation of the algorithm were carried out in the traffic light control systems
of the Moscow city transport system in 2023.

Conclusions

In this work, an algorithm for synchronizing TC programs on a single route in accordance with the
master plan from the core was developed.

The developed algorithm will allow for effective implementation of synchronization modes both
within a single intersection (traffic light object) and in coordination mode (on urban networks and city
highways), when organizing priority passage, activating the green wave mode, or switching to a preferred
traffic light plan. The algorithm's operation was successfully tested in the traffic light control systems of
the Moscow Traffic Control Center. The accuracy of program synchronization for TC according to the
master plan from the core was less than 1 second.

The proposed algorithm effectively aligns with the software of existing traffic light control systems
and can be integrated into next-generation intelligent control systems.
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