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Introduction.

In contemporary urban landscapes, efficient road traffic management stands as a linchpin for
sustainable development and societal well-being. The dynamic interplay between increasing vehicular
volumes, evolving infrastructural demands, and pressing environmental concerns necessitates a holistic
approach to traffic management. Central to this approach is the delicate balance between enhancing traffic
efficiency and ensuring road safety. Efforts in modern traffic management have traditionally focused on two
primary objectives: optimizing traffic flow to alleviate congestion and enhancing safety measures to mitigate
accident risks. However, achieving these objectives simultaneously presents a multifaceted challenge,
influenced by a myriad of factors including road conditions, traffic patterns, weather conditions, and human
behavior. This article delves into the complexities of contemporary traffic management, with a particular
emphasis on reconciling the sometimes conflicting goals of efficiency and safety. By examining the
relationship between key metrics such as the safety coefficient (Ka) and the uniformity coefficient (Kb), we
aim to develop a comprehensive understanding of traffic dynamics [4,6,17]. Through empirical analysis and
advanced statistical techniques, we seek to elucidate the interdependencies between these metrics and
explore their implications for real-time traffic management strategies. Furthermore, this study addresses the
critical gap in existing literature by proposing an integrated approach to traffic management, wherein safety
and efficiency considerations are harmonized through a unified criterion. By leveraging insights from both
safety and efficiency metrics, we endeavor to enhance decision-making processes in traffic control centers
and optimize resource allocation for maximum societal benefit. This research holds significant implications
for policymakers, urban planners, and transportation authorities tasked with enhancing the resilience and
sustainability of urban transportation systems. By fostering a deeper understanding of the intricate
relationship between safety and efficiency in traffic management, this study aims to pave the way for more
effective and adaptive approaches to address the evolving challenges of modern mobility. In the subsequent
sections, we present a comprehensive analysis of safety and efficiency metrics, elucidating their interplay
and implications for real-world traffic management scenarios. Through empirical validation and practical
insights, we seek to offer actionable recommendations for enhancing road traffic safety, efficiency, and
sustainability in the urban context [6, 19-21]. Overall, this study contributes to the burgeoning body of
knowledge in transportation science and underscores the importance of adopting an integrated perspective in
addressing the complex challenges of urban mobility. Through interdisciplinary collaboration and data-
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driven analysis, we strive to advance the frontier of road traffic management and pave the way for safer,
more efficient, and sustainable transportation systems [1, 4, 6].

Methodology.

Typically, when optimizing road traffic conditions, both in urban and rural areas, a dual task is
addressed. On one hand, there is a need to maximize the speed of movement, which unequivocally
characterizes the efficiency of transportation processes. On the other hand, ensuring the guaranteed safety of
the process is essential, which is precisely associated with certain adequate speed limitations, albeit from the
perspective of minimizing the severity of potential consequences. From a modern perspective on traffic
organization, along with enhancing traffic efficiency (ensuring necessary speeds, reducing vehicle delays,
etc.), significant attention is directed towards improving road safety. The compromise between these two
opposing demands is determined by the relationship between road conditions and traffic flows [6],
influenced by the constraints of the road network and weather conditions. Naturally, an improved traffic
organization should provide both an adequate level of road safety and the necessary level of service for road
users, thereby determining the ultimate efficiency of road traffic. Additionally, achieving the maximum
possible utilization of the road network's capacity and reducing negative environmental impacts are essential
goals. Clearly, simultaneously meeting such diverse and sometimes opposing demands is a highly
challenging task and should be addressed based on specific numerical characteristics that define the
aforementioned requirements to some extent. Therefore, it is advisable to formulate some comprehensive
criteria capable of compromise to satisfy various road traffic conditions requirements. It is worth noting that
while the aspect of increasing traffic efficiency, especially in terms of ensuring necessary speeds and
reducing forced vehicle stops during movement, currently has solid theoretical foundations and practical
implementation methods, another aspect related to improving safety is still considered insufficiently
developed, and existing practical methods are rather specific. A separate relevant task is forecasting and
preventing potential conflict situations and road traffic accidents under real conditions based on continuous
monitoring of relevant traffic flow characteristics through automatic control of these characteristics. This
task is particularly important in the context of automated management on sections and nodes of road
networks. Unfortunately, adequate recommendations regarding the specification of these control parameters,
as well as informative criteria that could be calculated in real-time "online", are lacking. Consequently,
further research is necessary in this direction, primarily aimed at developing more or less universal criteria
and evaluation methods for assessing road safety conditions. The aim of this article is to attempt to
determine the qualitative and quantitative relationship between the existing indicator for assessing potential
road safety in the form of the safety coefficient and acceleration noise, which is an energy indicator of the
actual state of the traffic flow. Establishing this connection will allow the application of the safety coefficient
to assess the actual state of the traffic flow and, furthermore, enable the formulation of a universal criterion
for evaluating the level of road safety [6 , 22].

The safety coefficient (Ky) [3] is a criterion widely used for assessing potential traffic safety on
individual sections of the roadway and is typically applied during the road design stage [1, 6, 18]. It is
determined using the formula:

K, =, 1)
v

n

V., — the maximum possible speed of vehicle movement along the road section under consideration;

V., — the maximum possible speed of vehicles entering the section.

The physical meaning of this criterion lies essentially in assessing the potential unevenness of
vehicle speed along the given section relative to the speed at the entrance to that section. It is evident that this
indicator has a spatial context and therefore is purely computational. It is applied to construct a linear graph
of the safety coefficient for the designed road. Then, sections with Kb <0.6 K b <0.6 are identified for
taking appropriate measures to reduce it. It is worth noting that the application of most road signs on
highways is determined precisely based on this indicator [6, 18].

A significant drawback of this criterion is the complexity of its application on sections of existing
roads, considering the actual current values of traffic flow characteristics [21].

It is worth noting that there are quite a few significant works in the field of studying the uniformity
and safety of traffic flow in real-time [22, 23]. Among the main evaluative indicators of uniformity and
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safety of traffic flow, the following can be mentioned: acceleration noise (the root mean square value of
acceleration variations of individual vehicles relative to the mean acceleration value of the traffic flow),
which is determined by the formula [25]:

n

o, = FZ(@ —acp)z}z @

n iz

Characterizes the level of additional fuel losses incurred due to braking or acceleration of vehicles, i.e.,
energy expenditures.

Speed noise (the root mean square of the variations in speeds of individual vehicles relative to the
mean speed of the traffic flow) [1, 6, 25]:

1 B
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which characterizes the level of safety of vehicle movement.

In the formulas (1, 2): a; Vi (a;'V;) — The values of the respective parameters of the i-th vehicles;
Aave; Vaves (3-V)aye — their arithmetic mean values; n — the number of vehicles used to form the specified
criteria.

When determining the experimental value of o, one can apply one of the numerical formulas
provided in the literature on safety and traffic management, which allows its determination directly from the
observed data of the speed of individual vehicles [6, 25]:
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Vo ; Vr— Initial and final values of the mean spatial velocity of the traffic flow on the studied section [4]; AVi
the difference between similar velocities for the i-th vehicles; ti — the time of passage of the i-th vehicle of
this section; T — observation interval. In formula (4) and further, the acceleration noise will be denoted as K.

Note that the safety coefficient (Ka) in its physical sense is closer to oa, as it also characterizes, to
some extent, the change in the speed of movement on the section under consideration. This suggests the
assumption that there is a certain relationship between these indicators, the establishment of which would
allow using the experimentally obtained value of Ka to determine the value of Kb and vice versa. To confirm
this hypothesis, let's compare the linear graphs of the changes in the values of Ka(L) and Kb(L) on the
section of the road (see Fig. 1a, b), constructed based on the data in Table 1: The length L on the graphs
represents the number of sections of size 50 m.

Even a simple comparison of the graphs allows us to assert that both graphs have almost the same
character of changes in the road space [6, 24], which already indicates the presence of a mutual connection.

Table 1 — Regression analysis results of the study findings
Tabmura 1 — Pe3ympTaT perpeciifHoro aHami3zy pe3yiabTaTiB JOCTiKSHHS

Ka 0,1 0,2 0,38 0,32 0,31 0,36 0,25 0,18 0,22 0,43 0,38

Kb 0,4 0,37 0,43 0,48 0,55 0,52 0,51 0,52 0,47 0,46 0,5

Ka 0,31 0,38 0,31 0,25 0,3 0,43 0,21 0,14 0,14 0,25 0,18

Kb 0,55 0,5 0,48 0,5 0,5 0,47 0,46 0,52 0,47 0,46 0,45
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For a more rigorous demonstration of this relationship and its numerical assessment, a regression analysis of
the data in Table 1 was conducted. However, the results of the regression analysis (regression equation y =
0.097x + 0.4551, where y = Ka; x = Kb; coefficient of determination R2 =0.0468) completely refute the
hypothesis of mutual dependence. Obviously, in conducting the regression analysis, it was necessary to take
into account that initially the value of the acceleration index Ka changes, and then, as a consequence, a
change in the safety coefficient Kb should be observed under its influence. Considering this circumstance,
when conducting the regression analysis, each pair of values of Ka(L) (a) and Kb(L+AL) should be selected
with a certain spatial shift AL. We chose AL = 2. After conducting the regression analysis with this shift
taken into account, a decision was made, as shown in Figure 2, which indicates a significant correlation
between the specified indicators.
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Figure 2 — Results of the regression analysis of the dependency Kb = f{Ka)
Pucynox 2 — Pe3ynbTatn perpeciiHoro aHamizy 3anexxHocti Kb = f(Ka)
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The obtained coefficient of determination R*2 = 0.7046 (which corresponds to the correlation
coefficient R = 0.839) fully confirms the hypothesis of the mutual relationship between Kb and Ka, allowing,
based on the regression equation shown in Figure 2, to substitute the indicators for each other depending on
the problem being solved.

Conclusion.

In studies examining the impact of public transit on other traffic flow safety, the safety of movement
was assessed using an analysis of the speed variance of buses and other vehicles [1, 4, 24]. This approach
was applied in accordance with the principles of traffic flow theory [6], which suggests using energy
characteristics of traffic flow to evaluate safety. Considering that public transit vehicles typically travel at
lower speeds and can obstruct the movement of other vehicles, the use of the Ka index for such vehicle types
is relevant and appropriate. Therefore, it is reasonable to investigate the possibility of utilizing the
relationship between Ka and Kb for public transit vehicles and to identify patterns and conditions for
replacing Ka and Kb specifically for buses, which is planned to be addressed in future studies.

The study has shed light on the interrelationship between safety coefficients Ka and Kb in assessing
the safety of traffic flow. Through empirical analysis and regression modeling, we have demonstrated a
significant correlation between these coefficients, providing valuable insights into their mutual influence.
Furthermore, our findings suggest the potential for utilizing Ka as a proxy for Kb, particularly in the context
of public transit vehicles. This opens avenues for simplifying safety evaluations and streamlining traffic
management strategies. Moving forward, further research is warranted to explore the applicability of this
relationship across various transportation contexts and to develop refined methodologies for integrating Ka
and Kb into safety assessment frameworks. By enhancing our understanding of these safety indicators, we
can contribute to the development of more efficient and effective traffic safety measures, ultimately
promoting safer and smoother transportation systems for all road users.
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ABSTRACT
Polishchuk V.P., Nahrebelna L.P., Vyhovska I.A., Popov S. Yu. Applying energy principles to the
assessment of road traffic safety. Visnyk National Transport University. Series «Technical sciencesy.
Scientific, scientific and industrial journal. — K.: NTU, 2024. — Issue 1 (58).

In the contemporary realm of traffic management, achieving a balance between enhancing road
traffic efficiency and ensuring safety remains paramount. This delicate equilibrium is influenced by the
interplay between road conditions, traffic flows, and environmental factors.

The object of the study — patterns of safety in the movement of traffic vehicle.

Purpose of the study — establishing the relationship between the acceleration index and the safety
coefficient of traffic, and their impact on traffic safety.

Methods of the study — regression analysis of traffic safety methods and vehicle acceleration noise
has been conducted.

The optimization of traffic management systems must not only prioritize safety and service quality
but also maximize the utilization of road capacities while minimizing environmental impact. A crucial
challenge lies in the prediction and prevention of potential conflicts and road accidents through continuous
monitoring of relevant traffic characteristics, especially in the context of automated traffic management
systems. However, the absence of adequate recommendations for specifying monitoring parameters and real-
time informative criteria poses a significant hurdle. This study explores the concept of a composite criterion
to harmonize diverse demands on road conditions. Specifically, it investigates the relationship between the
safety coefficient (Ka) and the uniformity coefficient (Kb) as indicators of traffic flow stability and safety.
While initial regression analysis suggested no significant correlation, further examination with spatial shifts
in data pairs revealed a substantial association, thereby supporting the hypothesis of interdependence
between Kb and Ka. The findings offer insights into substituting these indicators based on specific
operational requirements, facilitating more informed decision-making in traffic management. Overall, this
integrated approach underscores the complexity of balancing safety and efficiency in road traffic
management and provides a methodological framework for addressing these challenges effectively.

KEYWORDS: TRAFFIC MANAGEMENT, ROAD TRAFFIC SAFETY, SAFETY COEFFICIENT,
REGRESSION ANALYSIS, CONFLICT PREDICTION, ACCIDENT PREVENTION

PE®EPAT

[omimyk B.I1. 3acTocyBaHHS €HEPreTUYHUX NPUHIWITB JO OILIHKH Oe3MeKH IOPOKHBOTO PyXy
/ B.IL Momimyk, JLII. HarpeGenwna, [.A. Burosceka, C.IO. Ilonmos // Bichauk HarionansHoro
TpaHcrioptHoro yHiBepcutery. Cepis «Texniuni Hayku». HaykoBuii, HayKOBO-BUPOOHWYMH KypHAIL. —
K.: HTVY, 2024. — Bum. 1 (58).

CyuacHi JOCHIIKEHHS YHPABIiHHS JOOPOKHIM PYXOM pO3TSNAIOTh AOCSITHEHHS OalaHCy Mik
MiBUIICHHSAM €(QEeKTUBHOCTI JTOPOKHBOTO PYyXy Ta 3a0e3MedeHHsSM Oe3NeKH IOPOXKHBOTO pPyXy, IO
3QIAIIAETHCS TIEPIIOYSPTOBUM 3aBJaHHSIM. BkazaHi YMOBH BIUIMBAIOTh HAa B3aEMOIII0 MK JTOPOXHIMHU
YMOBaMH, TPAHCIIOPTHUM TTOTOKOM Ta €KOJOTTYHUMHU (aKTOpamH.

OO0’ €eKT AOCIHTIIHKEHHS — 3aKOHOMIPHOCTI O€3MeKH pyXy TPAaHCIIOPTHUX 3aCO0iB.

Merta poOOTH — BCTAHOBHUTH 3BSA30K MOKa3HUKA MMPUCKOPEHHS Ta KOS(IIli€eHTOM O€3MeKH pyXy, Ta iX
BILTUB Ha O€3MEKy PyXy.

Metoan OOCHIIKEHHS — MPOBEAEGHHO pErpeciiiHuii aHami3 MeToAMK Oe3MeKd pyxX Ta IIymy
MIPUCKOPEHb TPAHCIIOPTHHX 3aCO0iB.

Onrtumizanist CUCTEM yIpaBIliHHS TPAHCIIOPTOM MTOBHHHA HE JIMIIIE TIPIOPUTH3YBATH OE3MEKy Ta SKiCTh
00CITyTOBYBaHHs, ajle i MaKCHUMi3yBaTH BHKOPHUCTaHHS AOPOKHIX MPOMYCKHHX 3AaTHOCTEH, 3MEHIIYIOUH
P [bOMY BIUIMB Ha JOBKULIA. KIFO4OBMM BUKIMKOM € TiepeAOadeHHs Ta 3amoOiraHHS MOXKIIHMBHX
koH(pmikTiB Ta JTII mIIIXoM MOCTIHHOTO MOHITOPWHTY BiAIOBITHUX XapaKTEPUCTHK AOPOKHBOTO PYXY,
0c00JIMBO B KOHTEKCTI aBTOMAaTH30BaHUX CHUCTEM YIpaBIiHHS TpaHcopToM. OJHAK BiCYTHICTh HAJICKHUX
pEeKOMEHIAI!l Ui BU3HAYEHHS IMapaMeTpiB MOHITOPHHTY Ta KPHUTEPiiB pealbHOr0 Yacy YCKIAIHIOE
cuTyarito. B mocmimkeHHI HaBOIUTHCS KOHIICTISI KOMIIO3UTHOTO KPHUTEPI0 I Y3TOKEHHS 1HIMHX
(hakTOpiB 10 JAOPOXKHIX yMOB. 30KpeMa, BHBYAETHCS B3a€MO3B'I30K MiXK KoedimieHTom Oe3neku (Ka) ta
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koedimiearom piBHOMIpHOCTI (Kb) sIK TOKa3HMKaMu CTaOUTRHOCTI Ta O€3MeKku pyxXy TpaHcmopry. Xoda
MMOYATKOBUI perpeciiiHuii aHami3 He MiATBEPAMB 3HAUYNIOl KOPEIAIli, MOJANBIINN aHai3 31 3MIIICHHAM
JaHUX MO0Ka3aB 3HAYHHH 3B'SI30K, MATBEPHKYIOUH TillOTE3y Mpo B3aeMozanexHicTs Mixk Kb ta Ka. 3naiineni
pe3yNbTaTH HAIAIOTh YSABICHHS NP0 3aMiHy IIMX ITOKAa3HUKIB 3 YpaXyBaHHSIM KOHKPETHHX EKCILTyaTaIliiHIX
BUMOT, 110 Crpusie OuTbII iHPOPMOBAaHOMY TPUIHATTIO PIllIeHb B YIPaBIiHHI JOPOXKHIM PYXOM. 3arajiom,
Leil iHTerpoBaHuil MiAXiA MiIKPECIIoe CKIAAHICTh 3a0e3nedyeHHs 0anaHcy Mik 0e3MeKoro Ta e(eKTHBHICTIO
y YIpaBIiHHI TOPOKHIM PYXOM 1 HaJja€ METOIOJIOTIYHY OCHOBY ISl €pEKTUBHOTO BUPIIIEHHS UX MPOOIEM.

KJIFOYOBI CJIOBA: YIIPABJIIHHA JJOPOXHIM PYXOM, BE3IIEKA JOPOXXHbOI'O PYXY,
KOE®IIIEHT BE3IEKW, PEIPECIMHUM AHAJI3, IIPOCHO3YBAHHS KOH®JIIKTIB,
3AIIOBIIAHHA JTII.
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