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Background: Road accidents are among the most important causes of death and severe 
personal and financial injuries. Also, its profound social, cultural, and economic effects 
threaten human societies. This study aimed to estimate the trend of traffic accident victims in 
Yazd Province, Iran, to predict the number of traffic accident victims in this province.

Materials and Methods: Based on traffic casualty statistics referred to forensic medicine 
in Yazd Province within April 1989 and March 2017 referred to Forensic Medicine of Yazd 
Province and using an artificial neural network to predict the number of injured for 12 months 
ending in 2020 has been paid. The neural network used in this study had 12 inputs, one output, 
and 5 hidden layers. The network predicts the relationship between data after training and 
learning. The network is considered the MSE benchmark.

Results: The number of injured in traffic accidents in Yazd Province in 2020 was equal to 7052 
people, with the highest number in December with 832 people and the lowest in June with 414 
people. The exact method of use was equal to 92 cases.

Conclusion: The trend of traffic accident casualties in Yazd Province in 2020 will be declining. 
For future research, the exact method designed in this study can be examined with other 
methods for the best response level.
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1. Introduction

oad accidents are one of the critical 
phenomena observed following the 
motorization of communities and the 
increasing use of motor vehicles. Road 
accidents lead to the deaths or injuries 
of many people every year. Financial 
losses and psychological damages are 

some of the consequences of this phenomenon [1]. 

Nowadays, in all societies, either developed or devel-
oping, there is a great emphasis on providing accurate 
and correct statistics because statistical forecasting re-
sults can be considered a powerful tool for making ap-
propriate decisions and correctly allocating resources 
[2]. Road traffic accidents are a significant public health 
problem worldwide, so that traffic accidents are one of 
the leading causes of death, disability, and hospitaliza-
tion leading to significant social and economic conse-
quences [3]. It is anticipated that in the coming years, 
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traffic accidents are the second leading cause of death in 
high-income and middle-income countries [4]. Studies 
on traffic accidents show that by 2025, the number of traf-
fic accidents will increase to more than 2.5 million [5], 
with developing countries more affected. According to 
the World Health Organization, without preventive mea-
sures to reduce accidents, the share of traffic deaths will 
increase to more than 67% [6]. Today road safety is one 
of the essential concerns worldwide. Every year, a lot of 
money is spent on reducing accidents and deaths caused 
by these accidents in different countries [7]. Increasing 
the number of vehicles and drivers’ lack of attention to 
road safety regulations have been the most critical fac-
tors affecting the number and severity of traffic accidents 
in Iran [8]. Besides reducing safety, accidents cause con-
siderable costs to society. Financial and human losses, 
traffic delays, and traffic slowing are some of the effects 
of accidents on society, reducing national capital.

Accident as a destructive phenomenon is one of the 
most critical factors in controlling transportation infra-
structure. Using strategies to reduce accidents and road 
casualties requires analyzing accidents using prediction 
models and the impact of various parameters on their oc-
currence and efforts to improve traffic safety [9]. Predic-
tive models have many applications in road safety analy-
sis and are widely used in identifying factors affecting 
road safety, identifying and prioritizing accident-prone 
road segments, evaluating the safety of the transportation 
system, and projects resulting from macro-transportation 
plans and risk index determination are used to determine 
the safest route in the dynamic system of roads [10]. Re-
searchers use various methods to predict accidents, such 
as time series technique, gray methods, Holt-Winters 
forecasting procedure, multivariate analysis, Bayesian 
forecasting approach, artificial neural network methods, 
and fuzzy logic-based methods. All these methods re-
quire the collection of sufficient data to compensate for 
their limitations. Predicting the number of accidents is 
significant and vital not only for governments but also 
for companies and organizations [11]. Considering the 
importance of predicting traffic accidents to make stra-
tegic decisions on road safety, we aimed to estimate the 
trend of traffic accident casualties in Yazd Province to 
estimate the number of traffic accident casualties in this 
province.

2. Materials and Methods

The present study is a comparative descriptive and 
analytical study to predict the future trend of accidents 
using the available information. This study aimed to pre-
dict the number of injured through 12 months of 2020 

and measure the accuracy of the artificial neural network 
method in predicting traffic accidents. The data used in 
this study include the number of injured and deaths in 
traffic accidents according to provinces of Iran between 
1989 and 2019, which were obtained from the forensic 
information database and Rahvar Naja Police Planning 
Organization. The forecasting method of this study was 
univariate; thus, the data are only related to the injured 
in traffic accidents in Yazd Province, Iran. MATLAB 
software was used for neural network prediction. In this 
study, an artificial neural network with 12 inputs (previ-
ous real values) and optimal hidden layers, and an out-
put layer were used. The data were divided into experi-
mental and educational categories using artificial neural 
networks and the network forecasted for the next 12 
months of 2020 after training. The network repetitions 
were stopped after 50000 repetitions and achieving high 
accuracy in output. The mean absolute percentage error 
(MAPE) was used to measure accuracy. In the MLP net-
work, neurons are organized in successive layers. The 
first layer is called the input layer, which contains neu-
rons that receive input from the real world. The last layer 
is the output layer that provides the system output. The 
layers between these two layers are hidden layers, which 
can be more than one. Hidden layers indicate the net-
work’s ability to extract useful information from input 
data and return it to the target output.

In this study, the connections between input and output 
neurons are indirect, indicating that the input neurons are 
not directly connected to outputs but connected through 
hidden layer neurons, and also neurons have no reverse 
connection. The weighted input signals of each neuron 
in the first layer provide their output through the linear 
combination of the input signal weights with the activa-
tion function. The output as input is transmitted directly 
to the hidden layer, and this is repeated sequentially until 
it reaches the last layer and the output of the output layer 
is created. Figure 4 displays the basic structure of the 
MLP network with a hidden layer. MLP acts as a map-
ping function for the input space to the output space. 
However, the input and output dimensions are different. 
The number of input neurons does not have to be equal 
to the output. The network shown in Figure 1 has N in-
puts and L outputs. The relationship between inputs and 
outputs is determined by synaptic weights and biases. In 
most short-term forecasting applications, a three-layer 
MLP network is used.

Sigmoid functions are generally preferred for hidden 
layers. For output units, the output function can be both 
linear and nonlinear, which is selected based on the dis-
tribution of output variables. For example, a sigmoid 
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function can be used for an output with a continuous and 
finite value. When the output borders are infinite and 
unlimited activation function, such as a linear function, 
may be a better choice. A direct-fed MLP with at least 
one hidden layer can estimate any input-output relation-
ship with reasonable accuracy. This kind of neural net-
work is sometimes called a general estimator. 

The mathematical algorithm used to update network 
parameters is known as the law of learning. There is 
no standard rule for different types of networks, and dif-
ferent rules are selected depending on the nature of the 
issue. ANN learning can generally be divided into two 
categories: supervised and unsupervised.

In supervised learning, also called teacher-learning, 
specific patterns are provided to the network, and the 
network adjusts its parameters according to those pat-
terns. But if new information is provided to the network, 
the network selects the most appropriate pattern that fits 
the input information and gives it to the output. In super-
vised learning, typically, gradient descent is used to find 
an optimal path with the lowest level of error [12]. 

3. Results

Figure 1 displayed the time series of traffic injured in 
Yazd Province between April 1989 and March 2019. Ac-
cording to the months of the year, the number of injured 

Table 1. Neural network accuracy in predicting injuries in Yazd Province

Neural Network
Yazd Province

Experimental Data Training Data

Number of data 60 296

Number of correct predictions (good) 53 (88%) 239 (81%)

Number of wrong predictions (bad) 7 (12%) 57 (19%)

The mean absolute percentage error 0.0 81

Figure 1. A 3-layer MLP network
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in Yazd Province in previous years has had a relatively 
constant trend with a decreasing tendency.

The neural network is designed to have 12 inputs and 
divided the data into 296 training data and 60 experi-
mental data. The number of hidden layers for the net-
work was obtained by five layers according to measuring 
the accuracy for different hidden layers. Table 1 presents 
the accuracy of the artificial neural network method.

The trained artificial neural network is then used to 
predict the 12-month one-step-ahead forecasting (Table 
2). According to the forecast made by the artificial neu-
ral network, the number of injured in traffic accidents in 

Yazd Province in 2020 is 7052 people, with the highest 
number in December with 832 people and the lowest in 
June with 414 people. 

Based on the repetition of accidents in Yazd Province, 
the neural network predicted the rate of accidents. Also, 
Figure 6 shows the rate of errors of each repetition to 
achieve the desired prediction.

4. Discussion

Every year, many people in Iran lose their lives due to 
traffic accidents and trauma or face various injuries that 
cause social and economic costs for both individuals and 

Table 2. The one-step-ahead forecasted values for provinces using artificial neural network

Step
City First Second Third Fourth Fifth Sixth Seventh Eighth Ninth Tenth Eleventh MAPE

Yazd 511 587 649 414 461 633 478 522 832 749 667 549
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Figure 2. Time series chart of the number of injured referred to forensic medicine in Yazd Province

Figure 3. Actual values versus predicted values
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society. In this study, we tried to measure the accuracy 
of the artificial neural network and predict the number 
of injured in traffic accidents in Yazd province using 
advanced methods of artificial neural network predic-
tion. The accuracy of prediction methods was measured 
according to the MAPE. The results of the accuracy of 
forecasting methods showed that the neural network 
forecasting method has good accuracy in predicting traf-
fic accidents. These results are consistent with the re-
sults of studies by Bahadori Monfared et al. (2013), who 
examined the rate of traffic accidents in Iran [13] and 
Omidi and Omidi (2018). Omidi et al. (2019) presented 
an approach to increase the accuracy of accident predic-
tion methods, and contrary to the results of the present 
research, Box–Jenkins method was more accurate than 
other prediction methods, including artificial neural 
networks [7]. Asgari et al. (2019) also introduced the 
ARIMA time series method as an accurate method for 
predicting traffic accidents in Iran [5]. 

Comparing the accuracy of traffic accident forecasting 
methods with the accuracy of the method used in this 
research shows that predictive methods based on the na-
ture of the data show different accuracy, and in addition 
to the capacity of the predictive method, the nature of the 
data also affect the accuracy of the forecasting methods. 
The predicted values for the next year in Yazd Province 
showed that the number of injured due to accidents in 
this province decreased, consistent with the study by Ba-
hadori Monfared et al. (2013), who reported a decreasing 
trend of traffic accidents in Iran [13]. Omidi et al. also 
found a decrease in the rate of traffic accidents in Zanjan 
Province [14, 15]. In Asgari et al. (2019) study, the trend 
of traffic accident casualties based on econometric mod-
els in Iran was declining [5]. According to Chukwutoo 

et al., the number of accidents in Nigeria will increase 
in the future [16]. The result of the present study and its 
comparison with the studies conducted on the trend of 
traffic accident victims showed that the trend of traffic 
accidents in Iran is a downward trend.

Given that predicting the picture of the future helps 
managers to make tactical and strategic decisions, it is 
suggested that experts use the method presented in this 
research to predict and make decisions. It is suggested 
that in future research, different prediction methods be 
used to measure the rate of accidents. The decrease in the 
number of injured in Yazd Province shows the effective-
ness of the traffic police in this province.
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