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Abstract: The primary goal of this paper is to develop alndblogy for optimizing the forecasting procesgraffic
accident occurrence. Traffic accidents remain ticatisocietal and economic issue, and existingdasting approaches
often fall short when applied to complex, varialdejncomplete datasets. To address this challehgeaper proposes
a structured multi-criteria optimization framewatounded in formal decision theory. The core ofitteghodology lies
in formulating a multi-objective optimization praph (ZO) that includes sets of admissible solutiegtor-valued
objective functions, and dominance relations. Tleppsed model enables both quantitative and gtiaéitavaluation
criteria to be integrated into the forecasting psx The study details an algorithm that identiflesninant, non-
dominated, and compromise solutions, using norm@iiz techniques and distance measures to supplutios
selection. A case study demonstrates the modelisyatio determine optimal forecasting solutionssbd on multiple
conflicting criteria. The approach is characteribgdflexibility and generalizability, allowing itapplication in diverse
scenarios involving accident prediction. The resatinfirm that the proposed method improves bathtidinsparency
and robustness of traffic accident forecasting.sTinethodology may support decision-makers and sisain the
development of effective, data-driven strategiesdad safety planning and accident prevention.

1 Introduction demographics (including age and gender), road cirfa
Road traffic accidents represent a significantetati conditions, lighting, pedestrian behavior, accideaation,
challenge faced by all nations. Their occurrence MKehicle type, speed, and adverse weather—playtiaatri
influenced by numerous factors, including weatheiole in determining the severity of pedestrianiigs [4,5].
conditions, driver intoxication, vehicle speed, anbers. Poor lighting, particularly at crosswalks, and woiable
According to data from the World Health Organizatjn], Weather conditions are frequently associated witirem
road crashes claim the lives of over 1.35 milli@ople ~Serious outcomes [6-8]. However, the impact of Wweat
annually, with many more sustaining serious ingiaad Vvaries by region. For instance, one study [9] regubr
long-term health complications. These incidentso algninimal influence of weather on accident frequengy.
contribute to substantial economic losses. Althoegient comparable line of inquiry can be found in [10],ext the
years have seen a downward trend in accident namber authors proposed a model linking accident prolighilith
primarily attributed to the reduced mobility duringe driving time and real-time weather data. The cateh
COVID-19 pandemic—the figures remain alarminglythig Petween weather and traffic _acmdents has also teen
(Figure 1). On average, 62 traffic accidents oeash day, focus of numerous other studies [11-23]. _
resulting in approximately 6 fatalities and 72 ifgs. Such Beyond environmental conditions, traffic densitydan
events lead to increased healthcare expendituapsage human factors—such as drivers'’ reaction times bautyc
to vehicles and road infrastructure, and envirortalen road situations—also contribute to increased actidges
harm, including fuel and fluid leaks. In responsagous [24,25]. Brodsky and Hakkert [26] similarly obsedvihat
strategies have been implemented to minimize rodain could double accident risk, while Danish datzealed
accidents. These include analyzing the factorsitorting  ©nly @ modest 10% increase. Conversely, Fridstrizat.
to accident occurrence and app|y|ng forecastinge‘m concluded that rainfall had no discernible |mpant i
predict future trends [2,3]. Norway and Sweden. Interestingly, Polish statistics
Research conducted by Zhai et al. [4] and Holldred.e suggest that the majority of road accidents oceuing
[5] has demonstrated that pedestrians are amongaise Clear weather. Furthermore, elevated temperatunes a
vulnerable groups in traffic accidents due to theklof favorable weather conditions are also associatetth wi
physical protection compared to vehicle occupant§igher accident frequencies [3,25,27]. .
Moreover, injuries sustained by pedestrians tendbgo  Given these findings, there is a clear rationale fo
more severe. Their studies also indicated that nomse developing a multi-criteria optimization model topport
factors—such as alcohol consumption, driver
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a robust methodology for forecasting the numberoati
traffic accidents.
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Figure 1 Number of road accidents in Poland betw#@®0 and 2021 [3]
2 The optimization model of possible solutions A is not empty, a certainssitX can

When defining an optimization problem, it is oftenPe selected (the set of acceptable solutions),eblye(3):
challenging to express solution quality using glsiscalar
objective functiorF. This difficulty arises because the set Z=F(X)={F( OB [xOX} 3)
of feasible solutionsX typically exhibits multiple
attributes, each of which may contribute differgnd the After determining the s&¢, the mapping functiof and
overall assessment of solution quality.Thus, itdsessary the dominance relatio®, the optimization task (ZO) is
in this case to formulate an Optimization Task (Z@h formulated in the form (4):
multiple (e.g., N) quality indicators in the fornf a
criterion function F [28] (1): Z20=(X,F,®) 4)
where:
F: X RY (@D)] X ={ Xg,...Xn } — set of possible solutions;
F — criterion function for selecting possible
This function assigns to each admissible solutidX  solutions (5fF: X = RN
its numerical rating in the form of a vector (2):
F (X)) = (fi(X), f20X), ),---.Fa(X),..., Tn(X)) (5)
F(X) = F1(%),..., Fn(X),..., Fn(X)) O RN 2

where: When considering ZO fdR 2 (6):
N = {1,..., i,..., n} - collection of quality indator

numbers, F(X) = (f«X), f2(X) ) (6)
Fn (X) - the value of n - this quality indicator (n -{igh

criterion function for the solution(XX). Where the partial function$i(X), f2(X) can have the

preference structure of the dominance relattarMAX or
The formulation of the optimal solution problentien ~ MIN, respectively;

as follows. Denoting: Where the dominance relati@ghhas a preference of MAX
a) A -—solution space; (7):
b) B - solution evaluation space;
c) F:A= B - criterion function, assigning to each ®={(c,Cp ...,Cn, ...,cn ) I CXC:

solution X[ A its grade Z B and assuming that the set clzctOc?2c?} (7)

o
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where:
C - The image of the set X at the mapping F, Then determine the setsXf i X;? (19), (20):
C1, C - points of spac€ (8):
Xt ={X" 0 X1 : g(X) = maxg (X)} (19)

C=F(X)={(f1 (¥, fi2(x)) OR2:xOX} (8) x 0 Xy
X2 ={x" 0 X1 :1j (X') = maxr; (x)} (20)
Where the dominance relationshdthas a MIN preference x 0%,
(9): and the set of dominant solutions as the produttieets

of X i Xi* (21):
¢={(dl’d2)|]DXD:dllSleidlZSdzz} (9)

XDQDl = Xll N Xlz (21)
where:
D - The image of the set X at the mapping F, If the setXp® is empty, the set of non-dominated
dy, dz - points of spac® (10): solutionsXy®* and the set of compromise solutio@d*are

) determined.
D=FX)={(h, ¥, 2()) UR*:xOX} (10) According to the remarks made above, the maximum
value of the function (19) and the maximum valuahef

Based on the above, a method of solving a muli&Ga  function (20) determine the coordinates of the ligheént
optimization task is presented. Let the optimizatask of ¢ = (", ¢,") (22):
determining possible solutions be (11):

¢’ =maxg (X); ¢ =maxr (X) (22)
(X1, F1, ®1) (11) X0 Xq xO Xy
where: From the adopted form of the criterion functibn=

X, - the set of admissible solutions defined as (12, , f, ;} it follows that for c* the maximum value & is
demanded and the maximum valug;d§ demanded.
X1 ={X11, X2, X3 X1,4f (12) In further considerations, the normalized indesthef

quality of the solution of the task (5,6) will bead, which
F1 - quality indicator defined as (1B) : Xs = R® s proposed to be (23):

Fi'(x) = {f1.0 (%), f.2 (%)} (23)
Where (24):
F1 (X)) = (fr.2 (%), fr.2 (X)) (13) * f,, (%) * f, (X)
. . N fli(X) =~ L2 (X)) = (24)
@, - Dominance relationship with preference, e.g. MAX C A
MAX. whereby (25):
To determine the set of dominant solutio®$® of the
optimization task, find the product of the followisetsx;* c™ = maxfy,i(x), ¢ = maxfy »(X) (25)
andXy? (14), (15): X0 Xa X0 X4
Xot = {X" 0 Xq @ fra(X) = maxfy,i(x)} (14) The advantage of this method of normalization & th
x O Xy the ratio is preserved after normalization. Thénbij value
X% = {X' 0 X1 : f12(X") = maxfy2(x)} (15) of the ratio is 1, and the lowest is greater thaadual to
x O X1 0. The normalized ideal point then has coordinggé
Where the quantitief 1(x), fia(x), are defined by
appropriate relations, e.g. as (16): ¢ =@, c2") (26)
fLa) =g (X) i frAX) =1;(X) (16) Due to the form of the set of admissible solutidas
(discreteness) for determining the set of its nomiciated
Therefore, two tasks need to be solved: solutionsXy®* and compromise solutioX®?, a method is
a) maximize function (17): proposed to determine the approximate result (and
therefore the solution) of the compromise for tlwnm
fia(x) =g (), x O Xy;j =1,..n (17) 0O, which is a measure of the distance of the restilfs
C* from the ideal point c** [29].
b) maximize function (18): Let c** denote the ideal point determined by relati
(29) and C* the known set of normalized result9:(27
fi2X) =ri(x),x0Xy;j =1,..n (18)

Published by Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 11 2025 Issue: 4 Pages: 171-177 1SSN 2453-675X

Optimization of the process of forecasting the number of traffic accidents
Piotr Gorzelanczyk, Henryk Tylicki

C={c}i=1.n (27)

c2
wherec ' = (c1"', ¢2'), whereby (28): r
iz 8 iz G 28) C2 -1 c
Clmax szax c r2

In order to determine the compromise results, it i c?
proposed to calculate the value of fhe] standard with . rs/ Ia
the parameter p = 2 (29): c )

c°=c?2 = X1°=X12
. “
= -t = o riy2 B Ko\ 2 c c4e
=0 -C e (6 - )P (G -6 )T (29) T

Figure 2 Graphical interpretation of the solutiom the

and selecting such a resdt(30), which would minimize optimization task [28]

the calculated values ofnorms. e.gx:° =x1 3

Based on the aforementioned insights, the following
section outlines an algorithm that supports theppsed

An interpretation of the above method is shown irbmrgtcheosdsoégggufr%rg)p timizing the traffic accidentdoasting

Figure 2.

x1° = =minr; (30)
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Figure 3 Schematic diagram of the methodology fainaizing the process of forecasting the numbeoad accidents

3 Conclusion The main advantage of the proposed methodology lies
This study presents a methodological framework fdn its universality and scalability. It can be atpto
optimizing the forecasting of road traffic accidensing a various forecasting challenges where both numeégodl
multi-criteria decision-making approach. The corrjile categorical indicators are relevant. Furthermoree t
of the problem, stemming from the multifactoriatura of presented optimization framework provides a stmectu
road accidents and the limited quality of availab#a, basis for supporting data-driven decisions in icagbfety
necessitates a solution that can incorporate bothanagement.
quantitative and qualitative criteria. The proposeadel Future research may extend this approach to mal-ti
formulates the forecasting process as a multi-blec data environments, include dynamic factors (e.gather
optimization task, introducing sets of admissitldiisons, or traffic flow), and integrate machine learningheiques
partial objective functions, and dominance relaion to enhance predictive accuracy and operationaiefity.
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