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ABSTRACT

This study aims to forecast the number of traffic accidents in Bosnia and Herzegovina and Poland from
2024 to 2030. To achieve this, annual statistics on traffic accidents in both countries were analyzed,
utilizing data from the Polish Police and the UNECE Statistics of Road Traffic Accidents. Several neural
network models were employed to predict the number of accidents. The results suggest a potential
stabilization in the number of traffic accidents, though this trend may be influenced by factors such as
the construction of new motorways and highways, and the increasing number of vehicles on the road. It
is important to note that the accuracy of these predictions can be influenced by the size and randomness
of the data samples used for training, testing, and validation.

Keywords: traffic accident, pandemic, forecasting, neural networks, Poland, Bosnia and
Herzegovina

1. INTRODUCTION

Road accidents are a significant global public health concern, resulting in injuries, fatalities,
and substantial economic losses. According to the WHO, 1.3 million people lose their lives
annually in road traffic accidents, while these accidents cost the average country 3% of its GDP.
Furthermore, traffic accidents are the leading cause of death for individuals aged 5 to 29 [1].
The severity of a traffic collision is a crucial factor in assessing its impact. Accurate estimation
of accident severity is essential for competent authorities to develop effective traffic safety
legislation aimed at preventing accidents, minimizing injuries, fatalities, and property damage
[2, 3]. Identifying the critical factors influencing accident severity is a crucial step before
implementing countermeasures to prevent and reduce their severity [4]. Yang et al. propose a
multi-node Deep Neural Network (DNN) topology for predicting varying degrees of injury,
death, and property loss. This approach enables a comprehensive and precise analysis of road
accident severity [5]. Accident data is collected from various sources, primarily by government
agencies utilizing data from police reports, insurance databases, and hospital records [6]. This
has led to a broader analysis of road accident data within the transportation sector. Intelligent
Transportation Systems (ITS) are currently the most significant source of information for
analyzing and forecasting traffic events. Data from GPS units in vehicles, roadside microwave
vehicle detection systems, and license plate recognition systems provide valuable insights into
traffic flow, including vehicle type, speed, and volume [7, 8, 9]. Social media can also be a
source of traffic and accident information, although the accuracy of such reports may be limited
due to the potential for inaccuracies by untrained observers [10]. Effective accident data
analysis often requires utilizing data from multiple sources and integrating heterogeneous data
sets [11]. Vilaca et al. [12] conducted a statistical analysis to determine the severity of accidents
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and identify relationships between traffic participants and accidents, emphasizing the need for
enhanced traffic safety measures and regulations. Bak et al. [13] conducted a statistical analysis
of road safety in a selected Polish region, using the number of traffic accidents as a proxy for
accident causation research. The choice of accident data source depends on the specific traffic
issue being investigated. Combining statistical models with real-world driving data and
information from ITS can improve the accuracy of accident prediction and mitigation [14]. The
literature offers various techniques for predicting accident probability. Time series approaches
are widely used for estimating accident frequency [15, 16], but they often suffer from residual
autocorrelation [17] and limitations in evaluating forecast accuracy based on previous forecasts.
Prochazka et al. [ 18] utilized a multi-seasonality model for forecasting, while Sunny et al. [19]
employed the Holt-Winters exponential smoothing method. A limitation of these models is the
difficulty of incorporating exogenous variables [20]. The number of accidents per 10,000
population (NRA) is a crucial indicator. In 2023, Poland, with a population of 37.6 million,
recorded 20,936 traffic accidents, resulting in an NRA of 5.57. During the same period, Bosnia
and Herzegovina, with a population of 3.21 million, reported 7,665 road accidents, resulting in
an NRA of 2.39, which is significantly lower than Poland.

NRA ki 10000
= — %k
NI

where:
NR - number of road accidents
NI - number of inhabitants

The authors employed neural network models to forecast the number of accidents on Polish and
Bosnian highways based on the available data..

2. MATERIAL AND METHODS

Despite a recent decrease in road accidents due to the pandemic, which has influenced the
forecasted values, the number of accidents remains significant. This necessitates efforts to
reduce this figure and identify road types with higher accident rates (Figure 1).
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Figure 1. Number of road accidents in Poland between 2010 and 2023 [21]
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Figure 2. Number of road accidents in Bosnia and Herzegovina between 2010 and 2023 [22]

Neural networks were employed to forecast the number of traffic accidents in Poland and
Bosnia and Herzegovina. These models, inspired by the human brain, consist of interconnected
nodes with inputs, weights, and outputs. Statistica software was used to optimize the model's
weights. Neural networks are mathematical structures that mimic the functioning of the human
nervous system. They typically comprise multiple layers, with the input layer receiving data
such as images, numbers, text, or sounds. Artificial neurons, the fundamental building blocks
of these networks, simulate the behavior of biological neurons by processing multiple inputs
and generating a single output.

Neural networks have diverse applications, including [24-27]:

. Recommender systems for streaming platforms.

. Text translation services like Google Translate.

. Personalized product recommendations in online auctions.
. Forecasting, including the frequency of traffic accidents

To predict the number of traffic accidents, a multilayer perceptron (MLP) neural network was
utilized. The MLP architecture includes hidden layers of neurons, with the number of neurons
in the hidden layer varying from two to eight. The output layer consists of a single neuron
representing the time series values of the number of traffic accidents. The predictive
performance of the model was evaluated using prediction error metrics derived from equations
2-7)

e ME — mean error

1
ME = n ?:1(Yi - Yp) )
e MAE - mean error
1
MAE = -3L\|Y; = Yy 3)
e MPE — mean percentage error
1 Y;-Y,
MPE = ;2{;1 Yi” 4
e MAPE - mean absolute percentage error
1 [Yi-Yy|
MAPE = ; ?zly—ip (5)
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e SSE — mean square error

SSE = |23, (% - 1,)’ (©)

N
Mz _ Ei=1(yi—yp)2
= —ZN Tz
i=11i

e M? - Theila measure

()

where:

n — length of the forecast horizon,

Y — observed value of traffic accidents

Y ,— the forecast value of traffic accidents..

Neural network models with the lowest average percentage error and average absolute
percentage error were employed to forecast the frequency of traffic accidents in dependence.

3. RESULTS

To forecast the annual number of traffic accidents in Poland, data from the Polish Police from
2010-2023 were used [21], while for Bosnia and Herzegovina, they came from the Unece
Statistics of Road Traffic Accidents [22]. In both cases, the research was conducted in Statistica
software, assuming two random sample sizes:

1. teaching 70%, testing 15% and validation 15%.

2. teaching 80%, testing 10% and validation 10%,

with the following number of learning networks: 20,40,60,80,100,200 for which the MP error
value was minimal (Table 1-4).

232



1344

€0-HTL'E | ST'P8YT | %89°S | %TE0 | IL°L86L | SS'61€ | [BWIUIA

€0-H6LY | 07'918T | %999 | %E€9'E |LE9ISET|61°00TI | dusiso] Yquep SOS 9 §Hdd 66°0 L6°0 L6°0 I-v-1 TN 00T
€0-H9S°S | 8L'SE0E | %I9°L | %TE0 |SI'LSIT| SS'61¢ | [enuduodxy |  onsiso] SOS L S$H49 66°0 260 S6'0 I-¢-1 TN 00T
€0-H9S Y | 80°0SLT | %199 | %L6'T | 10°LYET| LL'OL6 onsIS0] onsIS07] SOS 01 SH44 66°0 L6°0 L60 [-¢-1 dTN 00T
€0-dIv ¥ | 9STOLT | %¥9'9 | %IST |60°0€ET| S60LL onsIS0] que] SOS L §Dd4d 66°0 96°0 L6°0 [-9-1 TN 00T
€0-d8LY | 61VI8T | %SI'L | %CTT |TE08YCT| 8819 onsIso] quey, SOS 8 SDHA4 66°0 96°0 96°0 1-9-1 TN 00T
CO-ALY'V | ¥E0CTLT | %L99 | %E8T | LILYET| €068 onsI507] quep SOS 8 SOA4 66°0 L6°0 L60 1-¢-1 TN 001
€0-HSY'S | 6L°S00E | %EH'L | %ST'v | 1€9THT | ST'HITT| dusIso] quep SOS L $H44 66°0 S6°0 96°0 1-2-1 TN 001
€0-HEY'Y | 98°LOLT | %S9°9 | %E6'T |0T0TET| 85606 | [enuduodxy | onsiso] SOS 11§49 66°0 86°0 L6°0 -1 TN 001
€0-H08'V | TH'618T | %699 | %vT'€ |9T°TOPT|0S'8011 | dusiso] onsIS0] SOS 9 §Ddd 66°0 L6°0 L6°0 I-6-1 TN 001
€0-H9E'Y | L6'889T | %STO | %66'T |+1°097C|T9'1T01 | ousiso] | [epueuodxyg | SOS 81 §D44d 66°0 86°0 L6°0 1-8-1 d' TN 001
€0-d0TY | €6'8€9T | %919 | %VST |6V LECT| 80O'ELS onsI50] [enuouodxg | SOS £1 SOA4 66°0 86°0 L6°0 1-L-1 TN 08
€0-d16'7 | 96'TS8T | %E9'9 | %89T | S6'9THCT| 0L'8L6 onsI30] onsIS0] SOS L §5d44 66°0 96°0 L6°0 I-L-1 TN 08
€0-dSTV | ¥S€TIT | LT | %8Y'T | LY'6£TT| S9°108 onsigo] | [enuduodxy | SOS L §5d49 66°0 86°0 L6°0 I-¢-1 TN 08
€O-HLTY | SP'T99T| %ST'9 | %E0'E€ [90°L1TT|06'€C01 | dusiSoT | [epueuodxyg | SOS ¥1 SDd4d 66°0 86°0 L6°0 1-8-1 d' TN 08
€0-HTLY | €T96LT| %8L'9 | %ST'E€ |01v0bT | 01001 | OusISo] quel SOS L $H44 66°0 L60 L6°0 1-6-1 dTN 08
€0-HS0'Y | LO'06ST | %¥6'S | %€8'€ | 1L°L861 | 6€ 1LOT | Tenuduodxy | enuouodxy | SOS ¢ §Hdd 66°0 860 L6°0 1-9-1 TN 09
€O-HLY'Y | SETTLT| %09 | %8T'E | €8°€8TC | LT0601 | [enuduodxyg que], SOS ¢l §Hd44d 66°0 L6°0 L6°0 I-6-1 TN 09
€O-HSYY | SL'SILT| %C1'9 | %LI'E |T8EETT|€6'6011| dusiso] | [epueuodxyg | SOS 6 SD4dd 66°0 L6°0 L6°0 I-¢- 1 dIN 09
€0-dI9V | TS EILT | %€99 | %L1I'T |0€SIVT| ¥O'LLL onsIs0] quey, SOS S SHAd 66°0 L6°0 L6°0 I-L-1 TN 09
€0-HY9'Y | 6T TLLT | %899 | %0T'€ |+6'LLET|8F TE0T | OUSISOT quel SOS L $H44 66°0 L6°0 L6°0 I-v-1 TN 09
€0-H19°S | S9'8F0E | %EL'L | %09°€ | €T065T|09°SE0T | [enuduodxy | onsIso] SOS ¢ Sbdd 66°0 S6°0 960 I-¢-1 TN 0y
€0-HLL'S | TO'LTOT| %089 | %LSy |0L'€9ET | SI'€8pl | [enuduodxy |  onsi3o] SOS S SHAd 66°0 96°0 L6°0 1-8-1 d'TN 0y
€0-H19Y | SOYILT | %0b'9 | %SEE |+6'6LTC|1SOIT1| dusiSo] onsIS0] SOS L §H49 66°0 96°0 L6°0 I-¢-1 dIN [Vi%
€0-HS8'E [ ST'9TST | %IL'S | %08'T |8STSOT| T+'606 | lenuduodxy | [enuouodxy | SOS 8 SHAd 660 86°0 L60 -€- 1IN 0y
€0-ATLE | STH8YT | %89'S | %LLT |pT'100T| €p°LE8 |Ienuduodxy | [enuouodxy | SOS 8 SOJd 66°0 86°0 L6°0 I-L-1 d'TIN or
€O-HVLY | TETO8T | %¥9'9 | %STE |OLLSET|LL'EITT| dusigo] Yuep SOS v SHJ4d 66°0 L6°0 L6°0 I-¢-1 TN 0T
€0-HI9L | ITISSE | %CS'L | %¥8T |¥L'168C|90°SISI Jeaul] [epuouodxyg | SOS ¥ S$D4dd 66°0 L6°0 96°0 I-7-1 TN 0T
€0-H9T°Y | ¥S'LSIT | %69°S | %ETE |69°611T | ¥L'8911 | [enuduodxy | [enuouodxdq | SOS ¥ D44 66°0 86°0 L6°0 1-¢-1 TN 0T
€0-dOEY | ¥6'L99T | %9%'9 | %61°€ | 08°T60T | 1499 onsIso] Jeaur] SOS ¥ S$Ddd 66°0 86°0 L6°0 1-8-1 TN 0T
€0-d9SV | 9L'LYLT | %699 | %S8T | L6VLET| €0°TE6 onsIso] Yuep SOS ¢l SHdd 66°0 86°0 L6°0 I-L-1 TN 0T

YL 4SS |AdVIN| dAdIN AVIA AN (andjno) (uwoppry) | wopduny | wiyyLiod[e | (uonepres) | (Supsdy) | (Surwresy) Jwreu Jdquinu
S10.017] UONBADY | uoneAndY | Joaay | Supwaedy |  Kiend Luend | AenQ | SI0MJPIN | HIOMPN

pue|od 10} 04GT UONepI[eA pUR 04GT BUnsal '940/ Bulyoes) azis ajdures Wopued Jo ased ayl 1o} BuluIes| Y10Mau [ednau Jo Arewwns T ajgqel



1454

€0-HTE'S | 99°L96T | %STL | %160 | TT'TEET | ¥8°001 queg, Teaur SOS ¢ sodd 00T 66°0 96°0 I--1 dTN 001
€0-HOLY | 86 16LT | %¥S'9 | %¥80 | SL'YLIT | STELS quey, Teour] SOS L SHAd 001 66°0 96°0 [-2-1 TN 001
€0-HIS'S | €8°101€ | %CL'L | %061 | ITTHHT | 967081 queg, Teour] SOS ¢ Sodd 001 66°0 96°0 [-S-1 TN 001
€0H6Y'Y | 9€°9TLT | %6L'9 | %ILT | 6T01ET | 9¥bEe onsIS07] quey, SOS 6 SDAd 001 66°0 S6°0 1-¢-1 TN 001
€OHILY | €6°T6LT | %PS9 | %P80 | 10SLIT | STELS que], Teaur] SOS L $Hdd 001 660 96°0 I-L-1 I TN 001
€0-H0S°S | Tv'810€ | %8E'L | %T80 | LI'VLET | L66ST que], Teaur] SOS $ sbdd 001 660 96°0 I-L-1 I TN 08
€0-HIY'Y | 68°61LT | %SS9 | %It'0 | 08'8TET | ISI8 onsIS0] queg, SOS 9 $HAd 001 86°0 S6°0 [-2-1 TN 08
€0HO6SY | TO'6SLT | %PL'9 | %ETT | 1#'S0TT | ST'ESS Teaury onsigo] SOS L SOJdd 00T 86°0 96°0 1-¢-1 TN 08
€0-H8T'S | 1¥°LS6T | %8T°L | %Tb'0 | 90°STET | SL'19T quey, Teour] SOS ¥ SDAd 001 66°0 96°0 I-¢-1 TN 08
€0-HOEY | €699 | %PT9 | %SE0 | L8'890T | 00°€9 quey, onsIgo] SOS 11 SOdd 001 66°0 96°0 1-¢-1 TN 08
€07H9TY | 0L°LS9T | %86'S | %690 | S€90TT | 1€1€T onsigo | [epusuodxy | SOS L $544d 001 660 S6°0 1-9-1 TN 09
€0-HE8Y | €9°LT8T | %999 | %01'T | €6'181C | 1S°STT quey, queg, SOS L $544d 001 86°0 S6°0 I-€-1 dTA 09
€0-HE'S | 6T°LOTE | %859 | %T9T | 86'S09T | ¥S9¢p1 | onsigo onsigo] SOS $ sbdd 001 86°0 S6°0 1-9-1 TN 09
€0-HI89 | LT6SEE | %Iv'8 | %6LT | 8€'STOT | ST'I8€ queg, Teaur SOS ¢ sodd 00T 66°0 96°0 1-9-1 TN 09
€0-HIS'S | LT1T0E | %SL'L | %680 | 0T8€9T | TI'9% | lenuouodxy | ousigo SOS S sHdd 00T 86°0 S6°0 1-¢-1 TN 09
€0-H0EE | 80'6€€T | %ILY | %S0T | ISTILT | 0T L6E queg, onsigo] SOS 01 SOJd 00'1 66°0 96°0 1-¢-1 TN or
€0-HOY'Y | 0¥°'669C | %€0°9 | %SE€ | LI'9OY0T | TI'STL onsI507] onsI30] SOS ¥ $Ddd 001 86°0 96°0 1-9-1 TN (114
€07H0T'S | LLvE6T | %8TL | %L9'T | 80°STET | TSH8I queg, Teaur] SOS 9 $D4d 001 660 96°0 -1 dTA o
€OHIV'S | €vv66T | %IEL | %TL0 | 8TSSET | Ly 081 queg, Teaur] SOS 9 $D4d 001 660 96°0 1-6-1 dTA o
€07HLS'9 | 1°00€€E | %ET8 | %LT9 | 0T6EST | ILHST | Tenusuodxy quey, SOS $ SHdd 001 660 96°0 I-6-1 I TN o
€0-U8I'E | 6¥'P6TT | %EIY | %080 | 88°6SLI | T9°S9T queg, SIS0 SOS 9 §044 00°T 66°0 96°0 1-8-1 d'TIN 07
COHISY | TTVELT | %SY'9 | %L10 | LL'OSIT | ¥L'9TE queg, Teaur SOS 9 SDJ4d 00T 66°0 96°0 1-8-1 TN 0T
€0HVIE | €0°SSHT | %LS'S | %IE€T | 01'9861 | LETOL onsI507] queg, SOS €9 SOA9 00'1 66°0 96°0 [-¢-1 dTN 0T
€0HYOY | LOELLT | %IS9 | %6E0 | ¥9°TSIT | SO0 quey, Teour] SOS S Sodd 001 66°0 96°0 1-S-1 TN 0T
€0HLEE | 11°79€T | %TCI°S | %060 | TE0E8T | OF Tl Teaur] onsIgo] SOS 8 SDAd 001 66°0 96°0 1-6-1 TN 0T
IPYL ass AdVIN | AdIN AVIA AN (3ndyno) (udppry) uonduny | wpLiodie | (uonepies) | (Sunsdy) | (Sururedy) Jureu Jquinu
UOPBAIY | UONEBAIY I0LI Suruaed| Lend) LAend) | Hiend MIOMIIN | YIOMIIN
SJA0.LIF

pue|od 10} 940T UoIepI|eA pue 040T Bunsal ‘9,08 Bulyoes) azis ajdures Wopued Jo ased ayl 1o} BuluIes| Y10MIau [ednau Jo Arewwns g sjgqel



544

€0-ASHE | SO°LEE | %66T | %I0T | SH'PIT | €888 |  Teour] sonsIgo] SOS ¥ SDJd 000000°T | 000000°T | S¥0T8T0 | T-L-T TN 08
€0-H6E | SITHE | %STE€ | %SL0 | €v°ScT | 9L°0L | Jedur] | [enusuodxy| SOS ¢ sbdd 000000°T | 000000°T | 088SOE0 | I-¥-1 TN 09
10-d6%°T | 86°LTE | %L8‘T | %8%0 | 16°€0T | 9€°05 |  Teoury Teaur] SOS ¥ SDAd 000000°T | 000000°T | 8STL6TO | I-€-1 TN 09
10-HEYT | SHI8E | %O0L°E | %98°0 | ¥9°€9T | 6708 | SousISo] queg, SOS ¥ SDAd 000000°T | 000000°T | 6€91LT°0 | 1-T-1 TN 09
€0-968°C | 067EE | %L6T | %L90 | 6ST1T | 6LF%9 | sousiSo] | sousiSoy SOS € $Odd 000000°T | 000000°T | 06L09T°0 | T1-S-1 dTIA 09
€0-9SH'E | 6¥°SEE | %66T | %T9°0 | 8O°CIT | €119 | Jesur] | [enusuodxyg| SOS 7sodd 000000°T | 000000°T | 8TSPOE0 | 1-8-1 TN 09
€0-96EY | 8S°9VE | %IHE | %LLO | 9EVHT | $9°0L | [enuduodxy | [enusuodxy |  SOS 0 SDJd 000000°T | 000000°T | 0TTESE0 | 1-C-1 TN or

10-d6%°1T | 6V°CEE | %68°T | %IL0 | €L°90T | €8°0L que], que], SOS 7 so4ad 000000°T | 000000°T | 88T8LT0 | 1-8-1 TN ov
10-EPT | ST°E8E | %EL'E | %E0T | 1L99T | S1°C6 que], que], SOS ¢ Sodd 000000°T | 000000°T | €S6€ST°0 | I-T-1 TN ov
€0-968°C | 16°0€€ | %I16C | %6¥°0 | T6°90T | 89°1S que], Teaur] SOS € Shdd 000000°T | 000000°T | €9%¥8Z°0 | I-¥-1 TN oy
€O-IST'E | €9°LEE | %L6T | %I6°0 | 9L°TIT | ¥L 18 | SOUSISOT que], SOS ¥ SDAd 000000°T | 000000°T | TTO6¥C0 | 1-9-1 TN or

€0-H6EY | 9E°SEE | %L6T | %68°0 | 81°TIT | T8°6L | [enuduodxy | sonsiSoy SOS € SDdd 000000T | 000000°T | SLOE6TO | I-+-T JTA 0T
10-96%°T | LV'9TE | %88°C | %90 | L8F0T | 1T°8Y | [enuduodxy | sonsigo] SOS ¥ SDAd 000000°T | 000000°T | 11Z86T°0 |I-€-1 dTA 0C
10-9EY'T | L806E | %LL'E | %TLO | L9°89T | SL'OL | sousiSo] SoNsIS0] SOS 6C SHJd 000000°T | 000000°T | STI6TIE0 | 1-9-T JTN 0¢
€0-968°C | 8LTEE | %I16T | %SS°0 | 89°L0T | 0S9L Teaur] sonsIS0] SOS ¢ SHdAd 000000°T | 000000°T | 61SELTO | I-L-T JTN 0¢C
€0-ASYE | 0TTEE | %L6T | %SL0 | 86°11T | 1T°69 Teaur] [enueuodxg | SOS ¥ SD44 000000°T | 000000°T | TSSLIE0 |I-€-1 JTA 0¢C

IPYL 4SS | 4dVIN | HdIN | AVIA | HIN (andjno) (uwappry) | uonouny | wiyjriod[e | (uopepies) | (Supsdy) | (Surwredy) Jwreu Jquinu
UONBAIIY | UONBARIY | Joaxy | Suruwredy Anend Aend | Aiend) | IOMIIN | YI0MIN

S0
“euIn0BazZI8H pue BIUSOg 10} 04GT UOIRPIRA pUR 94GT Bullsa) ‘9e0, Bulyoes) azis sjdwes wopued J0 ased ay} 10} Buluies| 40miau [ednau Jo Arewwns € sjgqeL

€0-A8I°E | 6+'v6TT | %€V | %LI0 | 88°6SLT | PS8E WU

€0-HOSY | T8 TELT | %LT'9 | %SET | 0L°96TT | 09°+0L onsIS0] onsigo] SOS § sbdd 001 86°0 $6°0 I-v-1 I TN 00T
€0-H09°€ | TEIPbT | %IS'S | %bb'0 | 6V°6961 | +S8€ quey, onsIgo] SOS L $549d 001 86°0 96°0 [-¢-1 I TN 00T
€OHYE'L | 98°98%€ | %989 | %80Y | 6€¥PLT | L1°TE6T queg, quey, SOS 7SDHdd 00T 66°0 96°0 1-8-1 TN 002
€0-H00°S | $8°LL8T | %CI'L | %9L'T | LTO0ET | 99°59¢C Teaur] quep, SOS L SHAd 001 86'0 96°0 [-2-1 TN 002
€0-H9S°S | 90'v€0E | %Lv'L | %81°CT | 99°0SET | 81°08€ que], quey, SOS 9 SDAd 001 66°0 96°0 1-8-1 TN 002




9¢¢

10-dEVT | T8'L6E | %P8°E | %E90 | 19°CLT | 0TH9 Teaulg Teaur] SOS ¥ SOA4 00°0 00°0 T1€6TE0 | 1-8-1 TN (014
€0-68°C | TL'STE | %L6T | %8S°0 | OF'11T | 66°9S quel [enuouodxg | SOS ¥ SO4d 000 00°0 SPL8TE0 | I-+-1 TN (014
€0-ASHE | TE€°6TE | %T0°E | %9¥°0 | vL'YIT | LS'8F | sousiSoT |[enuouodxyg| SOS | §SDIH 00°0 00°0 S918€€°0 | 1-6-1 TN oY
€0-A6EY | LS8TE | %E6'T | %09°0 | ¥7°80T | L+'8S | Tenuouodxy | [enuouodxdg | SOS | 0T D49 00°0 000 L6L6TED | 1-¢-1 dTN 0
10-96%°T | T8°6TE | %S6°T | %¥90 | €1°01T | #T'19 Teaul] quel, SOS ¥Z SO44d 000 00°0 68€T€E0 | I-v-1 I TN 0c
T0-HEPT | 0V°TOE | %6L°E | %IL0 | TL'69T | $8°69 | [enusuodxy Jeaul] SOS 9 SH4d 00°0 00°0 ¥8L9€E0 | 1-L-1 ITIN 0T
€0-H68°C | ¥S°0EE | %L8T | %IL0 | 65°40T | 0L°99 | sousi3o] SonsIS0] SOS L SHA4 00°0 00°0 €L8ETE0 | [-L1 TN 0T
€0-HASH'E | YESES | %TO'T | %S6°0 | 98°80T | S6°€8 | somsi3o] quel SOS ¢ SH4d 00°0 00°0 ¥85¥67°0 | 1-v-1 d TN 0T
rey.L 4SS | 4dVIN | 3dIN | VN | HIN (3ndyno) (uwappry) | uonouny | wyLiog[e | (uonepies) | (Supsdy) | (Surwaedy) dweu Rquinu
UONEAIIY | UOneAdY | Joaxy | Suruied| | Aiend Lend L1end) | YIOMIIN | YI0MIIN
SI0LIY

"eu1n0baziaH pue elusog 10] 90T UOIEPIeA pue 9,0T BUIISa) ‘0508 Bullyoea) azis ajduwies WopUe. Jo ased ay) 40) BUIUIea] 108U |eanau Jo Arewwns ¢ ajqel

€0-ASH'E | 8SVIE | %08T | %6T°0 | 01°661 | T99E | [BWIUIA

€0-H6€Y | 8SVTE | %88°T | %6T°0 | 0€V0T | T9°9€ Teaul'] [enuouodxyg | SOS € SDdd 000000°T | 000000°T | L68TTE0 | I-+-T JTA 00¢

T0-H6%T | LLTEE | %L8T | %ELO | SO°SOT | #1°89 Teaul'] yuel SOS ¢ Sbdd 000000°T | 000000°T | T9TTST0 | I-¥-1 TN 00T

10-9EP'T | 96°99€ | %6¥°€ | %690 | SS8HT | €6°L9 | [enuduodxy | sonsIgo] SOS 0 SHAd 000000°T | 000000°T | SISOVE0 | I-P-1 TN 00¢

€0-968°C | LOTEE | %T6T | %9S°0 | 1LLOT | 6T°9S Teaur] [enueuodxg | SOS ¢ SHdd 000000°T | 000000°T | €96¥0€°0 | I-8-1 d T 00T

€0-ASYE | ¥E9EE | %I0°E | %T9°0 | L6VIT | LV 19 Teaur] [enueuodxg | SOS ¢ SHdd 000000°T | 000000°T | L0090E0 | 1-9-T JTN 00T

€0-46EY | 1S°6TE | %08C | %69°0 | St661 | S1°S9 que], que], SOS € SOAd 000000°T | 000000°T | TOLOLZO |I-S-1 JTIN| 001
10-H6¥T | 69°6T€ | %L8°T | %TS0 | €1°40T | $8°¢S | sonsiso] queg, SOS € Shdd 000000°T | 000000°T | L6ELLTO |1-S-T TN 001
10-HEY'T | L6°€8E | %S9°C | %t 0 | 88°8ST | 6L°6Y | [enuouodxy queg, SOS 9 SDAd 000000°T | 000000°T | L9TLOEO |I-€-TdTN| 001
€0-68°C | ¥8°LTE | %08T | %LS0 | OT°66T | LO'LS quey, queg, SOS € $Odd 000000°T | 000000°T | 96¥TLTO |[1-9-TdTN| 001
€0-ASHE | 89°LEE | %SOC | %89°0 | €F'LIT | €£L°S9 que[, fenuauodxyg | SOS 7sodd 000000°T | 000000°T | 8L6T6T0 |1-8-TdTN| 001
€0-d6€Y | T8BEE | %00°C | %90°T | TI'SIT | ¥6°16 que[, sonsIgo] SOS SI1SDAI | 000000°T | 000000°T | T€818Z°0 |1-8-1 TN 08
10-d6%°T | #9°9€€ | %86°T | %8L0 | €I°CIT | 69TL | ITeour] que], SOS 7 sob4ad 000000°T | 000000°T | 886LLTO | 1-S-1 TN 08

10-HEY T | 8S°65S€ | %6¥°E | %880 | 0€°6¥C | LO°18 | sousido] sonsI30] SOS € SDdd 000000°T | 000000°T | LSE6STO | 1-€-1 I TN 08

€0-H68°C | OV°LEE | %91°C | %06°0 | 66°STT | 96°6L | Tenusuodxy | Iesur] SOS 0 SHdd 000000°T | 000000°T | 18¥STE0 | 1-S-1 I TN 08




LeT

€0-ASH'E | €€°9TE | %98°T | Y%bb0 | LECOT | 00'Ly | TeWIUIA

€0-H6EY | 8L8TE | %S6T | %I19°0 | 1T01T | OF'6S |  Tesur] Teaul] SOS ¥ SDd4d 00°0 00°0 TIE6TE0 | 1-6-1 d TN 00T
10-96¥°T | 19°92€ | %S6°T | %¥¥0 | 8%°60T | 00°Ly |  Tedur] Teaul] SOS ¥ SDd4d 00°0 00°0 TIE6TE0 | 1-6-1 d TN 00T
T0-HEY'T | L1°86E | %98°C | %¥L0 | ¥9°PLT | S8°TL|  Tedur] Teaury SOS 9 SOJd 00°0 00°0 TIE6TE0 | 1-C-1 TN 002
€0-H68°C | 9€°9TE | %I16°T | %LY0 | 18°90T | 116 | Sousi3o] Teaury SOS ¥ SDJdd 00°0 00°0 vL8TTED | 1-L-T TN 002
€0-ASYE | SPPEE | %96°T | %06°0 | LETIT | L9°08 |  Teeul] SonsIS0] SOS ¥ SDJId 00°0 00°0 1S€ETE0 | 1-9-T ITIN 002
€0-H6EY | 978TE | %98T | %S9°0 | LEEOT | €5°T9 que], SonsIZ0] SOS L SOJd 00°0 000 009%1€°0 | 1-8-1 AT 001
10-36%°T | 00°6T€ | %06°T | %S$9°0 | LL90T | 60°C9 | sOuSISO] Teaury SOS ¥ SDAd 00°0 000 10€¥CE°0 | 1-8-1 TN 001
10-9EPT | 01°€6E | %I8°C | %SLO | SO'TLT | 6S°TL que], [enusuodxg | SOS 6 SDd4d 00°0 00°0 T00€€€°0 | 1-8-1 dTN 001
€0-d68°C | ¥9°6T€ | %06°T | %¥9°0 | 0¥°90T | SS°19 quey, quey, SOS | T1SDAd 00°0 00°0 9T8TTE0 | 1-S-1 TN 001
€O-HSH'E | LSOEE | %T6'T | %TL0 | 9T°80T | 86°99 | sonsi3o] quey, SOS | 01 SHOAd 00°0 00°0 6L09T€°0 | 1-8-T TN 001
€0-d6EY | 08°9TE | %68°T | %TS0 | S8°S0T | LSTS | Teour] quey, SOS € SDdd 00°0 000 TI19TE0 | I-S-1 TN 08
10-H6%T | STIEE | %T6°T | %IL0 | 81°80T | TEOL | SOUSISOT | SoUSISO] SOS 8 SDJ4 00°0 000 98€60€°0 | 1-€-1 d TN 08
10-EFT | 8¥'P6E | %S8°E | %060 | 0EPLT | 8TE8 |  Ieour] sonsIgo] SOS ¥ SDJd 00°0 000 $6687€0 | I-L-1 TN 08
€0-H68°C | 8T6TE | %L6'T | %ES0 | TLTIT | 09°€S | enuouodxy | [enuouodxy | SOS 9 SDJ4 00°0 00°0 8EPEE0 | I-7-1 TN 08
€0-HSHE | 0T°TEE | %LO°E | %I19°0 | 9€°61T | T6°8S | somsido |[enuouodxy| SOS | 61 SO 000 00°0 8897#€0 | 1-S-1 TN 08
€0-d6EY | 19°6TE | %T6'T | %S$9°0 | TT'8OT | S¥T9 que, quey, SOS | ¥ Shad 00°0 00°0 T0S8TE0 | I-€-1 TN 09
10-H6Y°T | T6TEE | %LO°E | %6S°0 | 16°81T | S0°8S | enuouodxy | [enuouodxq |  SOS L SOdd 00°0 00°0 P6ETYE'D | 1-2-1 ITIN 09
T0-HEP T | L6°T6E | %08°C | %9L0 | L8°0LT | 0€°€L | [enuduodxy | Iedur] SOS ¥ SDJd 00°0 00°0 88L9€€°0 | 1-8-1 TN 09
€0-H68°C | S9°6TE | %68°T | %b9°0 | SL'SOT | 8519 | sonsISoT | sousIso] SOS ¥ SDJId 00°0 00°0 $9061€°0 | I-S-1 dTA 09
€0-ASY'E | 69°CEE | %86T | %88°0 | 19°CIT | 00°6L |  Iedur] sonsIgo] SOS ¥ SDJId 00°0 000 90TLIE0 | 1-6-1 TN 09
€0-H6EY | 98°8TE | %06T | %E€9°0 | 86°90T | 9609 |  Tesur] que], SOS ¢ sbdd 00°0 000 LY88TE0 | 1-9-1 I TN ov
10-H6%°T | €€9T€ | %06T | %80 | L0°90T | 9L°61 | sousiSo] que], SOS ¥ SDd4d 00°0 000 60S61€°0 | 1-6-1 TN (114




The analysis suggests that while a slight increase in traffic accidents on Polish roads is possible,
the overall accident rate is likely to stabilize in the coming years. The choice of sample sizes
significantly influences the model's accuracy. Increasing the proportion of the learning group
relative to the test and validation groups can reduce the average percentage error. For instance,
with a 70-15-15 split (learning, test, validation), the error was 5.68%. Increasing the learning
group to 80% (80-10-10) reduced the error to 4.63%. These results are influenced by factors
such as the increasing number of vehicles on Polish roads and the impact of the recent pandemic

(Fig. 3).
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Fig. 3. Projected number of road accidents for 2024-2030 for Poland

The research findings suggest that the number of traffic accidents in Bosnia and Herzegovina
may stabilize or even slightly decrease in the coming years. The accuracy of these predictions
is influenced by the choice of sample sizes. Increasing the proportion of the training dataset can
improve model accuracy. For example, with a 70-15-15 split (training, testing, validation), the
error was 5.95%. Increasing the training set to 80% (80-10-10) resulted in an error of 6.03%.
These results are likely influenced by factors such as the increasing number of vehicles and the
impact of the recent pandemic (Fig. 4)
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Fig. 4. Projected number of road accidents for 2024-2030 in Bosnia and Herzegovina
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4. CONSLUSION

This study utilized neural networks within the Statistica environment to forecast traffic accident
frequency in Poland and Bosnia and Herzegovina. The algorithm optimized the model's weights
to minimize average absolute error and average absolute percentage error. Based on the
analysis, the number of traffic accidents is likely to stabilize in the coming years, influenced by
factors such as the ongoing pandemic and the increasing number of vehicles. Forecast errors
were calculated to assess model accuracy. These forecasts can inform the development of
strategies to further reduce traffic accidents. For example, the implementation of increased fines
for traffic violations in Poland, effective from January 1, 2022, represents one such measure.
The pandemic significantly disrupted traffic patterns, influencing the accuracy of the research
data. Future research will explore alternative statistical techniques for accident prediction,
incorporating additional factors such as traffic volume, weather conditions, driver age, and
employing exponential smoothing methods.
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