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Abstract: Every year, a considerable number of peoplethosie lives on Polish highwaysAlthough this numbamnains

significant, it has been steadily decreasing owee.t Despite a reduction in accidents since thelpawic began, the
overall figures are still relatively high. To effaely minimize road accidents, it is essentialidentify which days

experience the highest frequency of collisionstarmqtedict the number of accidents in the upcorge®ys. The objective
of this article is to forecast the number of acnideoccurring on Polish roads for each weekdayackieve this, monthly
accident data from the Polish Police statistic2fid7 was analyzed, resulting in predictions forythars 2022-2024. The
findings of the study suggest that there will likble a decrease in accidents on Polish roads cewhpapre-pandemic
levels; however, the ongoing impact of the panderoiaplicates these results. The research empl@malss time series

models using the Statistica program.

1 Introduction

Road accidents are incidents that not only result
injuries or fatalities to road users but also calemmage to
property. According to the WHO [1], approximately8 1
million people die in traffic accidents each yeltany
countries worldwide attribute about 3% of their GidRhe
consequences of these accidents. The WHO furthertse
that traffic accidents are the leading cause offdamong

As noted by Khaliq et al. [8], microwave roadsidshicle
getection systems can continuously record vehieka,d
such as speed, traffic volume, and vehicle type.
Additionally, vehicle license plate recognition ®mas
enable the collection of substantial amounts cd datroad
traffic over monitored periods [9]. While social di& can
also serve as a data source for insights on traffid
accidents, its reliability may be limited due toeth

children and young adults aged 5 to 29. The UN @ene Unpredictability of reports [10].

Assembly aims to halve the number of traffic fakad and
injuries by 2030.

One crucial factor influencing the severity of affic
accident is its magnitude. To effectively prevertidents
and reduce injuries, fatalities, and property daenaigis
essential for relevant authorities to predict theesity of
incidents [2,3]. Identifying the key elements tivapact
accident severity is vital before implementing eative

To accurately represent accident data, it is elsdeat
collaborate with multiple data sources, all of whioust
be appropriately integrated. The accuracy of amalys
results can be enhanced by combining various datees
and integrating heterogeneous data on traffic actd
[11].

A statistical analysis conducted by Vilaca et aR][
examined the severity of road accidents and their

measures to mmgate and reduce the seriousness Cgfrelation with other road users. The Study caafmtbwith

accidents. [4] A multi-layered architecture knovanNN

recommendations to elevate driving safety standandls

(Deep Neural Network) has been proposed by Yarad, et implement new transportation safety regulations.

for predicting different levels of damage, fataltj and
property loss. This model facilitates a comprehensind
precise analysis of the severity of traffic incite[b).

Based on the frequency of traffic accidents and the
duration taken to identify their causes, Bak et[&8]
conducted a statistical analysis of traffic safets specific

Accident data is sourced from various channelg€gion of Poland. This study focused on assessieg t
primarily collected and analyzed by governmentafafety of individuals who cause accidents through

organizations through relevant agencies. Data ciaie
relies on police reports, insurance databaseshaspital
records. Following this, incomplete data regardadfic
accidents is processed more broadly for the tratespm
sector [6].

Currently, intelligent transportation systems seage
the most significant source of information for azahg
and forecasting traffic accidents. This data caartsyzed
in conjunction with the use of GPS devices in vigls§7].

multivariate statistical analysis.
The type of traffic issue reported influences tberse
of crash data utilized for the study. The accuracy
accident forecasts can be enhanced, and the nusfiber
accidents can be reduced when statistical modas ar
combined with additional natural driving data oheit
information from intelligent transportation systefh4].
Numerous techniques for predicting accident numbers
are documented in the literature. Among these, sierees

~ 141 ~

Copyright © Acta Tecnologia, www.actatecnologia.eu



Acta Tecnologia - International Scientific Journal about Technologies
Volume: 10 2024 Issue: 4 Pages: 141-150 ISSN 2453-675X

Forecasting the number of road accidents on a weekday
Piotr Gorzelanczyk, Jen Sim Ho

methods are the most widely used for forecastiregl ro employed the ANOVA approach to predict traffic afesit
accidents [15,16]. However, these methods haveralevenumbers. However, this method has the drawback of
limitations, such as the inability to evaluate thality of necessitating additional assumptions, particularly
forecasts based on outdated predictions and tl@dre regarding sphericity, the violation of which maywdeto
autocorrelation of the residual values of the congmds incorrect conclusions [38].

[17]. Neural network models are also utilized for pradigt
Prochazka et al. [18] employed a multiple seastynalitraffic accident frequency [37,39]. However, Atifil
model for forecasting, while Sunny et al. [19]iatd the Neural Networks (ANN) come with several drawbacks,

Holt-Winters exponential smoothing method. Onéncluding the need for prior knowledge in the fiette
limitation of these approaches is that they canndinal outcome's reliance on the network's initiahditions,
incorporate exogenous variables into the modeP[H0, a lack of traditional interpretability, and the dbk box"
Other forecasting methods include the vectonature of ANN, where input data is provided, anslites
autoregression model, which requires a substamiiaber are outputted without insight into the analysiscp[40].
of observations of variables to accurately estinthegr Kumar et al. [41] introduced the Hadoop model as a
parameters [22]. Additionally, Monedero et al. [2aBplied novel prediction technique. A limitation of thicteology
autoregression models for fatality analysis, while isits inability to process small data files [4Phe GARCH
Madani [24] used curve fit regression models taljmtehe model was used by Karlaftis and Vlahogianni [34] fo
number of traffic accidents. These models primardly predictions, but its complexity in both form and deb
on simple linear relationships [25] and autoregogss poses a challenge [43,44]. On the other hand, Die t&st
sequences, assuming the series are already stgt[@éh was employed by Mcliroy [45] and colleagues, altjou
The Random Forest regression method was utilized blyis method suffers from low power when dealinghwit
Biswas et al. [27] to predict the number of traffcidents. autocorrelation of random components [46].
In this context, smaller groups are favored ovegdaones, The authors of the articles [47,48] also explorathd
but this method exhibits instability in approactd geak mining approaches for forecasting, which typicédlge the
prediction. The data also includes groups of rdlatechallenge of handling large datasets with general
features that hold similar importance to the odgtataset descriptions [49]. Additionally, a model combinatiwas
[28,29]. proposed by Sebe [50], suggesting a blend of variou
For the prognostic issue discussed, Chudy-Laskowsk#odels. Bloomfield [51] also recommended parametric
and Pisula [30] applied an autoregressive modeh wit models for predicting the number of traffic accitdem
quadratic trend, a one-dimensional periodic tremtleh Poland.
and an exponential smoothing model. Although the
moving average model can also be employed f@ A study of the seasonality of accidents on
forecasting, it has several drawbacks, includingy lo the roads
accuracy of forecasts, data loss over time, failiore When on Polish highways, a large number of
account for patterns, apd neglect of seasopal ieajat]. individuals pass away. Despite the value decliniegr
The GARMA technique, used by Prochazka and Camgyo; vear ‘the total is still very substantial.heltigh there
[32], Imposes restrictions on the parameter SEReasUre |, 6 heen fewer accidents on the roads since tioke pac,
the stationarity of the process. Several studlg_lslight the  he number is still relatively high. When the data
frequent use of the ARMA model for forecastingistdry ., - ined on a monthly basis, it can be concludeithiere
Processes [19' 32-34] and the ARIMA or SARIMA model e definite variations and a persistent downwamdéncy.
for non-stationary processes. While the;e modefisr of |, Poland, there are still a lot more accidents timathe
significant flexibility, this can also be a disadtage, as rest of the European Union. On Sundays, therewerf

effectlvi I:nod?l dldentlflcatlon d :equlr?hs dmcl)'rke m_-thap car accidents than on Fridays, when there are rhueto
research knowledge compared (o methoads IIKe ragressy,;q jt is imperative to lower this number andetetine

analysis [35]. Additionally, the linearity of theRAMA o days that will see the greatest number of awtislon
model is another limitation [36]. }he roads (Figure 1).

In their 2015 study, Chudy-Laskowska and Pisulg [3
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Figure 1 Accidentsin Poland between 2007 and 2021

The average number of traffic accidents throughioait traffic accidents during the studied time was eqiiais
studied period was tested after that to determihethier indicates that the average number of incidentshi t
there had been a substantial difference. Polanofs ncurrent situation are consistently declining froeay to
parametric Kruskall-Wallis test statistic valuebB7, with  year (Figure 2). According to the data acquiredddys
a test probability of p=0.000. In this situatiori, is have the highest number of traffic accidents, while
necessary to reject the premise that the averagberuof Sundays see the lowest number [52].

10000
[ KW-H(6,1260) = 587,4936; p = 0.0000
9000 -
.,
t . X s
8000 - 1 *
+ +
LI :
7000 E 1 1

6000

i
z%—%ﬁ%%—%i

numbers of road accidents

3000 + a1
+
2000 +
R
— Average
1000 . [] Average + Std error
Monda¥ W ednesday Friday Sunday T Average +2 * Std. Dev
uesday Thursday Saturday o Protruding
+ Extreme
day of the week + Median

Figure 2 Road accident averages in Poland from 2007 to 2021, broken down by day of the week

The research of the number of accidents on Paastis expected number of traffic accidents in the ingzggd
leads to the conclusion that they are seasondiaracter period based on the day of the week was determisied
and on the decline. Therefore, for additional asialythe a few time series models.
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3 Forecasting the number of road
accidents The mean percentage error was minimized in order to
gcompare the number of accidents that occurred gluain

Selected exponential equalization models were tse . ;
P d pandemic and those that did not.

predict the number of traffic accidents. The fundatal
idea behind this approach is that the predictedhbka’'s
time series is represented by a weighted movingagee
with the weights chosen in accordance with an egptal
function. The study's software, Statistica, selbctiee
weights in the most effective way possible.

In this instance, the forecast is based on a weight
average of the series' recent and historical vallibe
model and its parameters that are selected widrdene
the forecast's outcome. Selected time series modisa
linear trend were used to predict the number oitecds.
Specifically, the exponential model and the lingand . :
model (Holt and Winters technique). M3 - moving average meth_od 4-points,

Measures of analytical forecasting perfection were M4 -exponential smoothing no trend seasonal

calculated using the errors of forecasts that hauired, coTApSonent: nonet,_ | thi trend |
which were calculated using equations (1-5): - exponential - smoothing - no  trend - seasona
component: additive,

M6 - exponential smoothing no trend seasonal

Forecasting the number of road accidentsin Poland

Forecasts for the number of accidents by day of the
week were made using information from the PolislicBo
from 2007 to 2021. Figure 3-Figure 9 displays the
predicted results for each day of the week. Théouar
forecasting techniques utilized in the study aneotied by
the letters M1, M2,... and Mn. The following areeth
forecasting methods applied in the study:

M1 - moving average method 2-points,

M2 - moving average method 3-points,

e ME — mean error

1on component: multiplicative,
ME =7 (Y - Yp) @) M7 - exponential smoothing linear trend seasonal
* MAE —-mean everage error component: none HOLTA,
MAE =X ?=1|yl. — yp| 2) M8 - exponential smoothing linear trend seasonal
n

component: additive,

*  MPE -mean percentage error M9 - exponential smoothing linear trend seasonal

Yi-Y
MPE =% i=1 lyip (3)  component: multiplicative WINTERSA,
« MAPE - mean absolute percentage error M10 - exponential smoothing exponential seasonal
1apn [Yi-Y| component: none,
MAPE =+ =1y, (4) M11 - exponential smoothing exponential seasonal
+ SSE - mean square error component: additive,
1 2 M12 - exponential smoothing exponential seasonal
SSE = ,[;Z?ﬂ(yi ~Y,) (5)  component: multiplicative,
M13 - exponential smoothing fading trend seasonal
where: component: none,
n —the projected horizon's length, M14 - exponential smoothing fading trend seasonal
Y — observed value of traffic collisions, component: additive, . _
Y, — forecasted value of road accidents. M15 - exponential smoothing fading trend seasonal

component: multiplicative).
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Figure 3 Forecasting the number of traffic accidents on Monday between 2022 and 2024
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Figure 4 Forecasting the number of traffic accidents on Tuesday from 2022 to 2024
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Figure 5 Forecasting the number of road accidents on Wednesday from 2022 to 2024
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Figure 6 Forecasting the number of traffic accidents on Thursday from 2022 to 2024
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Figure 7 Forecasting the number of road accidents on Friday from 2022 to 2024
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Figure 8 Forecasting the number of traffic

accidents on Saturday from 2022 to 2024
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Figure 9 Forecasting the number of traffic accidents on Sunday from 2022 to 2024

Forecasts for the number of accidents by day of the «

week were made using information from the PolislicBo

from 2007 to 2021. Figure 3-9 displays the predicte

results for each day of the week. The various fistieg

techniques utilized in the study are denoted bylétters  minimum MPE error, according to the data receiviéds
M1, M2,... and Mn. The following are the forecagtin served as the foundation for the forecast of thamtity of
traffic accidents according to the day of the wdegicted
in Figure 10, and the resulting forecast errorsigsplayed
in Table 1. The findings indicate that, with a btigirop,
we may still anticipate a level of traffic accidestmilar to
those that existed prior to the epidemic. The pamdeit
should be mentioned, distorted the outcomes. Tlhetgm
of an efficient forecasting technique is shown hyearor
value of no more than 5%.

methods applied in the study:

Monday - M2,
Tuesday - M3,
Wednesday - M2,
Thursday - M3,
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Figure 10 Projected number of traffic accidents by day of the week in 2022-2024
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Table 1 Forecast error
For ec?_;]xee\;lrezkf/day of Monday Tuesday Wednesday Thursday Friday Satur day Sunday
ME 141.28 164.4C 124.8C 172.14 141.07 9.72 58.93
MPE 0.50% 0.23% 0.66% 0.26% 0.24% 2.55% 5.309
SSE 109¢.78 104267 1091.87 112€.39 112€.2C 81€.72 687.25
MAPE 16.04% 15.29% 16.20% 16.06% 14.85% 15.32% 17.96M6
MAE 87566 82E.96 871.29 877.93 897.84 664.13 552.28
4 Conclusion https://doi.org/10.1016/j.ssci.2021.105522
Using the Statistica application, exponential6] GORZELANCZYK, P., PYSZEWSKA, D., KALINA,

equalization methods were used to predict the nurobe
accidents in Poland. The computer calculated thght®
in use to reduce the mean absolute error and nieamtuge

percentage error.

The findings indicate that, with a slight drop, may
still anticipate a level of traffic accidents simnilto those
that existed prior to the epidemic. The resultsen@ased
by the pandemic, it should be highlighted. Thect@a of

T., JURKOVIC, M.: Analysis of road traffic safety i
the Pila poviatientific Journal of Slesian University
of Technology. Series Transport, Vol. 107, pp. 33-52,
2020. https://doi.org/10.20858/sjsutst.2020.107.3

[7] CHEN, C.: Analysis and forecast of traffic adent big

data,| TM Web of Conferences, Vol. 12, 04029, pp. 1-
6, 2017. https://doi.org/10.1051/itmconf/20171202102

[8] KHALIQ, K.A., CHUGHTAI, O., SHAHWANI, A.,

QAYYUM, A., PANNEK, J.: Road accidents
detection, data collection and data analysis ugg

communication and  edge/cloud  computing,
Electronics, Vol. 8, No. 8, 896, pp. 1-28, 2019.

an efficient forecasting technique is demonstratgdhe
error value of a maximum of 5%.

The article's forecasted traffic accident data ban
utilized in the future to develop new policies adnat

reducing accidents in the countries under studyes&h
changes might include, for instance, increasindities for
moving violations on Polish roads starting in 2022.

The authors intend to include more elements affgcti

Poland's accident rates in their future researisd.amount
of traffic, the weather, or the age of the accitent[10] ZHENG, Z., WANG, C., WANG, P., XIONG, Y.,
ZHANG, F., LV, Y.: Framework for fusing traffic

perpetrator are just a few examples extensions.
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