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Abgtract: Globally, the quantity of road accidents is stBadiécreasing annually. Even if the epidemic hasmdy had
an effect, this number is still quite high. Therefcevery attempt should be made to reduce thidaurThe purpose of
this article is to forecast the number of accidéimis will transpire on various kinds of roads mldhd. For this purpose,
monthly data on the total number of traffic accidein Poland broken down by type of road were eraihi Based on
police data, a forecast was created for the ye@22-2040. A few neural network models were usegréalict the
frequency of accidents in Poland. The results stiatvwe should keep expecting a high degree ofligyab terms of
the quantity of traffic accidents. On the one hahd,construction of new highways and the incréashe number of
cars on Polish roads have an effect on this. Thebeu of random samples utilized in the processésaphing, testing,
and validation affects the results. In the cas&ei5-15, the average projected number of acciden2022-2024 should
be: motorway - 827, expressway - 1136, 2 one-wayaggway - 5451, single carriageway -3067 andriiageway 2
directions - 28048, respectively. For 80-10-10séhealues should be respectively: motorway - 18%@ressway - 1141,
2 one-way carriageway - 5486, single carriagewayt52and 1 carriageway 2 directions - 28039. As ga see, the
values are similar.

1 Introduction number of variable observations in order to colyect

A significant number of people lose their livedriaffic ~ €stimate their parameters [11]. This is not alwayssible.
accidents each year. The WHO estimates that oder fconsequently, these just call for autoregressiveeror
million people die in car crashes annually. Forskihd ~(assuming the series is already stationary) anpllsitimear
young people between the ages of 5 and 29, traffiglationships [12,13].

accidents are the leading cause of death [1]. Ha¢ of In their research, Chudy-Laskowska and Pisula [14]
reducing traffic-related fatalities and injuries hgif by used the ANOVA approach to forecast the problem at
2030 has been set by the UN General Assembly. hand. This strategy's drawback is that it necedssitthe

Many sources provide information regarding roag@mployment of additional assumptions, which when
accidents. One example is information that govenimebroken can lead to inaccurate findings [15]. Neural
organizations have obtained with the help of pertin network models are also used to estimate the anafunt
government entities. Data is gathered from pok’ﬂmr‘[s, traffic accidents. This strategy's drawback is tlitat
insurance databases, and hospital records. TRgcessitates a fundamental comprehension of thecsub
transportation sector's partial traffic accidentada then [16]. Furthermore, because SNF is frequently retéto as
examined more broadly [2]. a "black box," in which input is provided and thedel

The literature has a variety of methods for acdidefrovides findings without knowledge of the analysie
frequency forecasting. The most often used teclesique forecast result is dependent on the adoption of the
time series methods [3,4]. However, their drawbacketwork's beginning conditions as well as the ilitghf
include frequent residual component autocorrelagiod ~traditional interpretation [17]. o
the inability to evaluate prediction quality based prior Using the previously provided statistics, the autho
forecasts [5]. In contrast, Sunny et al. [6] uéitizthe Holt- Made estimates for the quantity of accidents thalav
Winters exponential smoothing method, while Prokhaz occur on Polish roads. Neural networks were used to
et al. [7] used the multiple seasonality model foforecast how many accidents would occur.
forecasting. This method prevents the inclusion of
exogenous variables in the model [8,9]. 2 Materialsand methods

We can also use autoregressive models [10], ragress  Every year, a number of incidents occur on Polish
models with curve fitting, and vector autoregressivroads. Recent years have seen a decrease in wedras
models, which have the drawback of requiring adargdue to the epidemic, which affects the estimatédevenat
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was established. Despite the epidemic, there dlra 9t where most accidents will take place (Figure 1).sMo
of road accidents. As a result, every attempt shdn@l traffic accidents occur on highways having a single
made to reduce this figure and determine the tgpemites carriageway that runs in both directions.
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Figure 1 Number of road accidentsin Poland by road type in 2007-2021 [18]
Different neural network models were used to pitedic _1lyn Y%l
. ) ; MAPE ==y  ——2 (4)
the number of accidents that will occur on Polishds n Y;
based on the kind of road. The advantage of thtbodes * SSE —mean square error
that it mimics the way the human brain works. Néeura 1on 2
: : SSE = 21X, (Y- 1) (5)
networks are composed of nodes, each of whichipass, n <l p

weights, variances, and outputs. The optimal wsidbt where:
the study were selected by the Statistica softwdhe n — length of forecast horizon,
result of predicting using the previously discussetthod Y — observed value of road accidents,
will depend on the model and its parameters that a¥ ,— forecasting value of road accidents.
chosen.
Using the forecasting mistakes obtained from equoati Neural network models with the least mean absolute
(1-5), the following metrics of analytical forecast percentage error and mean percentage error wedetaise

brilliance were calculated: forecast the frequency of traffic accidents by tgpeoad.
* ME — mean error
ME =13 (Y, - Y,) (1) 3 Results
e« MAE — mean errgr Tp look intp the temporal evolution of the a(_:cidmte
MAE = Lym Y-, 5y ONn different kinds of roads, the Kruskall-Wallisstevas
Tpa=tltio T (@ used. 830 is the test statistic, while 0.000 is tbst

 MPE - mean percentage error probability. The result shows that we do not tdlerhean

MPE = % ?zlyi;_yp (3) number of traffic accidents to be equal (Figure 2).

* MAPE - mean absolute percentage error
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Figure 2 Comparison of the average number of road accidentsin Poland by road type from 2007 to 2021 [18]

Using data from the Polish Police from 2007 to 2021 + 80% of instruction, 10% testing, and 10%
the annual number of traffic accidents in Polands wa validation.
estimated based on the kind of route [18]. Two camd
sample sizes were assumed when the study wasccautie With 20, 40, 60, 80, 100, 200 learning networks, fo

using Statistica software: which the MP error value was negligible (Table 1,
e 70% is education, 15% testing, and 15% able 2).
validation.

Table 1 Neural network learning summary for the random sample size case teaching 70%, testing 15% and validation 15%

Type of road Network | Network Qual_ity Qual_ity Q_ualit_y Learning Act_ivation Activation Errors
number name | (learning) | (learning) | (validation) | algorithm | (hidden) (output) ME MAE |MPE |MAPE| SSE
motor way 200 ML5P_112- 0.925071 0.937989 0.971657 | BFGS 10Logistics| Linear 975;%39 636?7’61 0626 1%/'083 882";91
expressway 20 ML7I?112- 0.9515520.974197 0.975260| BFGS 7 Linea Linear 85%%_?5 441'_250 O(;/:jg 1:2/1365 676259
car%iigg\?ays 20 Mle?llZ- 0.6894030.719414 0.873958| BFGS 9 Tanh Logisticss732'gj6 37788'25 O(;/SO 7.21% 52;'2'13
one-way 40 ML4I?112- 0.883924 0.898429 0.938170| BFGS 61 Tanh Logistics 153230 1355'39 O(;/SS 5.81% 18576'79
1;3::;%%?’ 60 | M 12 0.8696940.808519 0.700377| BFGS 6}Logistics| Linear (o574 1599-3) 0,921, gooq 10797

Table 2 Neural network learning summary for the random sample size case teaching 80%, testing 10% and validation 10%

Tvoeof road Network | Network | Quality Quiality Quiality Learning |Activation| Activation Errors
yp number name | (learning) | (learning) | (validation) | algorithm | (hidden) (output) ME |MAE |MPE | MAPE | SSE
MLP 12- . ... 118.412/79.69 0.05 o] 106.19
motorway 40 71 0.898808 0.914107 0.950540| BFGS 4 Linea LOgIStIC>4803 277 | % 14.77% 29
MLP 12- . . 8.1032/40.83 0.55 o] 61.321
expressway 20 3.1 0.9614440.97763] 0.980714| BFGS G Linea Linear 5895 | 375 | % 12.39% 51
2 single 20 | MLP12-10 681920 0.83135d 0.873351| BFGS§ Linea Tanh | 48:1401379-1 0.06] 5 550, 52145
carriageways 5-1 1442 1432 | % 26
MLP 12- . 21.371|159.9 0.03 217.55
0,
one-way 200 0.1 0.8359840.897177 0.956450| BFGS 1BLogistics Tanh 666 | 512 | % 6.95% 64
1 carriageway MLP 12- .1,117.84/1345] 0.06 on| 1713.8
2 directions 200 7.1 0.841886 0.797305 0.738706| BFGS 3L Tanh Exponentlcl3275 519 | % 5.12% 32
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Regardless of the type of road, Poland's annualafat
traffic accidents is likely to stabilize at a hilgtvel based
on the research findings. The results are impaayethe
random sample size selection. By increasing thpagutimn
of the learning group compared to the test andlatibn
group, the average percentage error is decreased.

During a learning group of 70%, test group of 15%4]
validation group of 15% (70-15-15), the error w865%;
however, during the second test (80-10-10) ther eves
14.7%. For highways, which are showing up on Pdtand
map more frequently every year. It is importanmate that
the outbreak affected the results (Figure 3, Figjre
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Figure 3 Forecasting number of road accidents for 2022-2024 for the 70-15-15 test group
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Figure 4 Forecasting number of road accidents for 2022-2024 for the 80-10-10 test group
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4  Conclusion

The research utilized neural networks in the Stesis
environment to predict the frequency of accidemts i
Poland based on the kind of road. The researclightge [6] SUNNY, C.M.,

were assessed by the computer in order to redubettm

[5] Forecasting based on time series, [Online], Avégtab

http://pis.rezolwenta.eu.org/Materialy/PiS-W-5.pdf
[02 Apr 2024], 2022. (Original in Polish)

NITHYA, S., SINSHI, K.S,
VINODINI, V.M.D., LAKSHMI, A.K.G., ANJANA,

mean absolute error and the mean absolute pereentag S.; MANOJKUMAR, T.K.: Forecasting of Road

error.

The statistics makes it evident that there isatihance
for the number of traffic accidents to stabilizehisT is
affected, on the one hand, by the growth of motgssend
the increase in the quantity of automobiles ondPaibads.
The estimated forecasting errors show that the fadhat
were utilized are valid.

Based on the derived projections, steps shouldkent
to further minimize the number of traffic accidesnong
these modifications might be the imposition of legfines
for moving offenses starting on January 1, 2022Polish
roads. The epidemic surely affected the study'slasions
because it drastically decreased the number ofewts on
the roads.

Accident in Kerala: A Case Sudy, 2018 International
Conference on Data Science and Engineering (ICDSE),
Kochi, India, pp. 1-5, 2018.
https://doi.org/10.1109/ICDSE.2018.8527825

[7] PROCHAZKA, J., FLIMMEL, S., CAMAJ, M.,

BASTA, M.: Modelling the Number of Road Accidents,

20" AMSE, Applications of Mathematics and Statistics
in Economics, International Scientific Conference:
Szklarska Patba, 30 August - 3 September 2017,
Conference Proceedings Full Text Papers, Publishing
house of the University of Economics in Wroctaw,
Wroctaw, pp. 355-364, 2017.
https://doi.org/10.15611/amse.2017.20.29

[8] DUDEK, G.: Forecasting Time Series with Multiple

In the case of 70-15-15, the average projected pumb Seasonal Cycles Using Neural Networks with Local

of accidents for 2022-2024 should be: motorway 7,82

expressway - 1136, 2 one-way carriageway - 545esi
carriageway - 3067 and 1 carriageway 2 directi8)48,

Learning, In: Rutkowski, L., Korytkowski, M.,
Scherer, R., Tadeusiewicz, R., Zadeh, L.A., Zurada,
J.M. (eds) Artificial Intelligence and Soft Commuj

respectively. For 80-10-10, these values should be ICAISC 2013, Lecture Notes in Computer Science,

respectively: motorway - 1057, expressway — 11412
one-way carriageway - 5486, single carriageway 52t

Vol. 7894, Springer, Berlin, Heidelberg, 2013.
https://doi.org/10.1007/978-3-642-38658-9_5

1 carriageway 2 directions - 28039. As you can tee, [9] SZMUKSTA-ZAWADZKA, M., ZAWADZKI, J.:

values are similar.

Forecasting on the basis of Holt-Winters models for

The authors want to include other variables that complete and incomplete datonometria, Vol. 24,

influence accident frequency and use alternatiatissical
methods to determine the total number of collisiartheir
follow-up study. These could include factors likeet
volume of traffic, the kind of weather, the ageha# driver,

and methods that compute accident frequency using

exponential growth.
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