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Abstract - A traffic accident is one of the biggest road safety
concerns. Predictability models are used to explain the
relationship between highway calamity and applicable
parameters such as volume of traffic, conditions of roads
and environmental concerns. For this work, a prediction
model has been developed using ANN (Artificial Neural
Network) and compared with the multiple linear regression
techniques. The dataset collected and used for this study was
for a mixed traffic flow of Pimpri Chinchwad Municipal
Corporation (PCMC), Pune, Maharashtra, India. Weather
condition, Vehicles loading condition, number of lanes and
different time slots of accidents are considered as input
parameters. Along with these, Traffic signals, speed
breakers, the road intersects were also reflected as input
parameters. For this, the accident data were collected for a
period of six years ranging from 2014 to 2019. A recorded
number of 887 major, as well as minor accidents, were
considered for this study. For the ANN model, the available
accident dataset was divided into three parts. In this study,
70% of data were used for model preparation, 15% for
Training and Testing of the model and the remaining 15%
for Validation of the model. Results show that the prediction
model using ANN gives excellent accuracy. In this study,
more emphasis has been givento the actual parameters
which are responsible for accidents caused by mixed traffic
flow.

Keywords — Regression, Performance, Road accident,
Prediction, Artificial Neural Network.

I. INTRODUCTION
The provision of safety during the transport of goods and
passengers from origin to destination is an important
function of the transportation system. A healthy
transportation system always impacts the economic growth
of the country directly. As per the ministry of the “Road and
highway”, the number of registered vehicles is increasing
every year. This increasing number is the main cause of road
accidents. Based on details available with a transport
research department under the ministry of road transport &

highway of India, more people were died because of road
accidents during 2016 as judged against the previous year
[9]. “Accident prediction model” can be applied to generate a
relationship between accidents and various variables like
traffic flow, number of registered vehicles, road condition,
weather condition, etc. To improve road infrastructure safety,
accident prediction tools are necessary as accident prediction
models. In India, mixed traffic runs on road networks that
move from one place to another [17, 21]. Figure 1 shows the
road accident classified according to the type of Vehicle for
Maharashtra in 2018 [6].

16000
14000
12000
10000
8000
6000
4000
2000

Figure 1: Road Accident Classified According to a Type
of Vehicle for Maharashtra in 2018

Based on the statistics data available during the year 2014 to
2019 from the Ministry of Road Transportation Department,
the registered motor vehicles (‘000) in India are shown in
Figure 2. Registered transport is increasing annually in India;
therefore, road safety is a major concern since it affects the
bulk of the public in the countryside who are heavily
involved in road transport [9].
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Fig. 2 Registered Public Vehicles in India

Along with the various latest manufacturing vehicles on the
road, the level of accidents is also increasing. These
circumstances require to be inspected, and research needs to
be done to identify the major risk factors. In addition, it is
important to ensure that the present transport structure in
India is in a position to provide a wide range of vehicle users
in the country [9]. Elements affecting increased accident
threat include personal or behavioural characteristics like age
and gender of the driver, use of seat belt, drug consumption
during driving; atmospheric condition; condition of roads,
illumination conditions, impact path, the position of a
vehicle, in addition to the mechanical features of the vehicle

itself like age of car and type of body [1,3,11].

Day by day, people are getting aware regarding traffic safety,
and the efforts taken by the transport department result in
less number of accidents in the year 2016 as compared to
2015 [9]. But till the number of accident is more including
more fatalities. The road crash scenario in India is becoming
worse year after year as the number of fatal road accident
cases worsens. As a result, India's fatality rate is one of the
deadliest among other budding countries around the globe
[9]. Figure 1.3 shows the comparative accident count and
fatalities in India, Maharashtra and Pune for the years 2015
to 2019.
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Fig. 3 Accident and fatalities for the year 2015 to 2019
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A. Overview of Road Transport In India

Heterogeneous traffic with cars and non-autos is commonly
available in various budding countries and territories, for
instance, China, India and Indonesia [22]. India, over the past
two decades, has seen the expansion of its road network by
almost 40%. At the same time, however, the number of its
vehicles grew by an astonishing 158%. This is a very
shocking condition when it comes to traffic management,
which promotes not only an increase in the digit of accidents
and fatalities but also unnecessary messes up a situation on
the sides of the road [8]. One more time, it is clear that the
impact of these accidents and fatalities are on the weakest
part of society. Most of them are pedestrians, bicyclists, and
bikers [8]. When these groups of people face such situations,
they are made extra helpless due to further extension of
health emergencies and loss of income and prospects to earn.

Maharashtra, India's most developed state, holds a supreme
road network. This road network joins more than 99% of
villages. Maharashtra has more than 7,500 km of National
Highways, 35,000 km of State Highways and an amazing
network of Expressways [8]. The road network is important
for the economic development of any state and nation.
Various local agencies like Public Works Department
(PWD), Cantonment Boards, Municipal Council / Municipal
Corporation / Nagar Panchayats, Maharashtra State Road
Development Corporation (MSRDC), Maharashtra Industrial
Development Corporation, MIDC), City and Industrial
Development Corporation (CIDCO) etc., take care of road
infrastructure  in  Maharashtra  (Highway  Police,
Maharashtra). Pimpri Chinchwad region has a higher number
of mixed vehicles, which leads to a higher risk of highway
accidents and fatalities. The price of these victims and
injuries has a large effect on the socio-economic
development of one of the biggest industrial belts of India as
well as Asia.

B. Literature Review

Many factors are responsible for any road accident, but the
major affecting factors are a behaviour of a driver, unsafe
driving practices, use of mobile phone, and consumption of
drugs by the driver during driving with this very few and
negligent driver’s dangerous driving [1,3,11]. Motor vehicle
failures like tire failure, brake failure, or steering failure
contributed to a small proportion of accidents [10]. Vehicle
failure results in a severe road accident; therefore,
maintenance of the vehicle is mainly vital to become
confident that the vehicle is in a safe and sound situation. For
preparing the accident prediction model, several methods like
Statistical analysis using regression, Artificial Neural
Network & Fuzzy techniques are used.

Using “logistic regression”, the relationships between type of
road, the flow of traffic, and road accidents were identified
and observed that the road type has a significant impact on
the number of accidents [23]. The parameters like lane width,
Speed of vehicles, Road connectors, traffic flow, and the
number of the entrance are focused on by various researchers
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[2]. Different developed countries were considered for model
preparation with different parameters such as geometrics
characteristics of the road, characteristics of traffic and
environmental parameters [2]. At Tehran-Qom throughway,
accident data for a span of three years with parameters such
as “average daily traffic volume, percentage of heavy
vehicle, average speed and road condition index” are
considered as input variables for ANN and log-normal
models, which were used to determine the number of crashes
[5]. Researchers concluded that for freeways, the ANN
model is more proficient at determining the count of road
crashes, and normal Speed of vehicles and normal daily
traffic is the most efficient constraints [5]. Ogwueleka used a
Multi-layer perceptron ANN model having a linear activation
function an algorithm of backpropagation with a number of
vehicles, accidents, and population as model parameters [4].
Different parameters such as years, the extent of horizontal
curvature, highway sections, annual average daily traffic
(AADT), section length (km), the extent of bend, traffic
crashes with intense vehicles, and traffic accidents that
occurred in a different season were considered for model
preparation [14]. Data mining software like “Waikato
Environment for Knowledge Analysis” (WEKA) was used
by a few researchers to construct the ANN model [19].
Poisson regression was reflected as a typical and capable
probabilistic model. For over-dispersed data, it fails and
requires an alternate solution. During the examination of the
suitability of the Negative binomial, it was noticed that extra
scattering gives incorrect results if fundamental errors were
coincided [20]. The controlling aspects like type of road, day,
daylight situation, type of work zone, and climate functioned
for mixed linear regression with a lognormal distribution
model [18]. A fuzzy neural network has been used to predict
road accident occurrence as one of the most common ways to
predict accidents. The used fuzzy neural network model was
established for Harbin city of China using data set with
annual average daily traffic (AADT), a width of the lane
(LW), Section length (SL) as input parameters [12]. For
nonlinear independent and dependant variable correlation,
the fuzzy logic system is preferable [15]. To evaluate
accident statistics for the National Freeway 1 in Taiwan, a
“negative binomial regression” model and an “artificial
neural network” model were developed. The results give an
idea that the ANN is reliable for accidents happening [13].

Il. MATERIALS AND METHODS

A. Study Area Selection

As per the news published in Hindustan times on Friday,
Feb.15, 2019, and Times of India dated Dec.29, 2017, Pune
records the highest road accident emergencies and highest
road fatalities across the state. For this study, data consider
from India — Maharashtra State —Pune-Pimpri Chinchwad
region, and on NH 48. Route of 17.5 km starting from
Chinchwad station towards old Mumbai highway to
Somatane phata near Talegaon. Figure 4, retrieved from
Google map, shows the study area.
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B. Features of the study area

Pimpri Chinchwad, an identical city, situated in the periphery
of Pune, occurs to be one of the major industrial areas in
Asia. Chinchwad railway station and Begadewadi railway
stations are very near to the study area. This route is 17.5
KM. Maharashtra Industrial Development Corporation
(MIDC) of Bhosari is situated at 4.9KM from Chinchwad
railway station, and Talegaon MIDC is at 6.6.KM from
Somatane phata. On the route or nearby the route, there
exists a famous Bhakti Shakti Udyan, many schools,
Ghorwadeshwar a historic place, A Gahunje cricket stadium,
Prati Shirdi Sirgaon. There are many automobile companies
and educational institutes located in this area resulting in a
huge mixed raffic flow.
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Fig. 4 Study area from Chinchwad station to
phata NH 48 (Google, 2021)
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C. Various characteristics/parameters considered

Few road intersections are there for the selected route. The
parameters considered for this study are the driver’s age and
his eyesight, weather condition, time of the accident, vehicle
loading condition, number of lanes and speed limit. The
accident statistics data was collected from governing
authority for the year 2014 to 2019, and a total of 887 major
as well as minor accidents were considered. In this paper, a
“multiple regression analysis” and “Artificial Neural
network” were used to predict an accident. Table 1 gives
information about Input (independent) and output
(dependent) parameters along with their descriptions.
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Table 1: Input and output parameters

Input &
Output Descriptions
parameters

X1 A number of accidents are caused in
sunny/ clear weather. Conditions.

X2 A number of accidents are caused by
rainy weather conditions.

X3 A number of accidents are caused by a
normally loaded vehicle.

X4 A number of accidents are caused by an
overloaded Vehicle.

X5 A number of accidents caused by Empty
Vehicle.

X6 A number of accidents occur due to
improper signals.

X7 A number of accidents occur due to bad
conditions on the road.

X8 A number of accidents occur due to
improper speed breakers.

X9 The number of accidents occurs at road
intersect.

X10 Number of accidents occurs in time
6:00 to 12:00 hrs(Day)

X11 Number of accidents occurs in time
12:00 to 18:00 hrs(Day)

X12 Number of accidents occurs in time
18:00 to 24:00 hrs (Night)

X13 Number of accidents occurs in time
00:00 to 06:00 hrs (Night)

X14 Two lanes

X15 More than two lanes

Y1 Total number of accidents

Y2 Deaths

I1l. RESULTS AND DISCUSSION

A. Model Development

The intention of this study is to extend a precise accident
predictive model for future prediction of accident
occurrences in the Pimpri Chinchwad region of Maharashtra
State, India, using crash data from 2014 to 2019 using
regression and artificial neural network models. Here, the
available accident dataset was divided into three parts, 70%
of data was used for model preparation, 15% for Training
and Testing of the model and the remaining 15% for
Validation of the model. The obtained results from
regression and ANN models are presented in this section.
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a) Multiple Linear regression Model

Multiple linear regressions (MLR) is a statistical technique
that uses more descriptive parameters to forecast the result of
a dependent variable. The purpose of this is to form the linear
relationship between the independent and dependant
parameters. For this model preparation, the independent and
dependent parameters, along with their descriptions, have
been mentioned in table 1.

Following results were noted by accident prediction model
prepared using multiple linear regression,

Table 2. Results received from Regression Statistics

Regression Statistics

Multiple R 0.938546
R Square 0.880568
Adjusted R Square 0.404342
Standard Error 29.41889
Observations 18

Analysis of variance (ANOVA) is a statistical technique that
is used to check if the means of two or more groups are
significantly different from each other. ANOVA checks the
impact of one or more factors by comparing the means of
different samples.

Table 3. Analysis of variance (ANOVA)

Significance
df SS MS F F
Regression 15 4789.27 | 319.28 | 44.554 0.022
Residual 2 14.33 7.166
Total 17 4803.61
Where,

df = degree of freedom,

SS= Sum of Squares,

MS= Means of Squares,

F= Overall F test for the null hypothesis,

Significance F = the significance associated with P-Value.

Table 4. Coefficients and P values

Coefficients Standard Error | t Stat P-value
Intercept -13.0563 3.849 -3.392 0.0770
Number ~of accidents caused in 0.1093 0.0891 1.226 0.344
sunny/ clear weather conditions
Number of a(_:qldents caused in rainy -0.257 0.1705 -1.506 0.270
weather conditions
Number of accidents caused by 1.192 0.1131 10.541 0.008
normally loaded Vehicle
Number of a_cudents caused by 0.921 0.207 4430 0.047
overloaded Vehicle
Number o_f accidents caused by 4207 0.445 9.443 0.011
Empty Vehicle
!\Iumber of accidents occurs due to 1.854 0.233 7941 0.015
improper signals
Number of accidents occurs due to
bad condition of the road 0.491 0.115 4.251 0.051
!\Iumber of accidents occurs due to -0.562 0.404 -1.391 0.298
improper speed breaker
!\Iumber of accidents occurs at road 2798 0.572 4767 0.041
intersect
Number of accidents occurs in time
6:00 to 12:00 hrs(Day) -1.773 0.296 -5.983 0.026
Number of accidents occurs in time
12:00 to 18:00 hrs(Day) -0.971 0.140 -6.920 0.020
Number of accidents occurs in time
18:00 to 24:00 hrs(Night) -3.827 0.521 -7.334 0.018
Number of accidents occurs in time
00:00 to 06:00 hrs(Night) -2.015 0.360 -5.585 0.030
Two number of lanes 0.610 0.148 4,100 0.054
More than two number of lanes 0.494 0.108 4,576 0.044
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The multiple regression model for a number of accident
predictions has been developed passing through the set of
points as,

Y=-13.05+0.109X3-0.257 X + 1.192X5 +0.921X4 +4.207Xs
+1.854X6+0.491X7-0.562Xg+2.728X9-1.773X10-0.971 X 13-
3.827X12 -2.015X13+0.610X14+0.494 X35

Here, Y is the output (dependant) variable, and X is the input
(independent) variable.

Table 5. Actual Versus Predicted Number of Accidents

Observation ACtu;‘l Ne Predlcted_TotaI Residuals
Accidents no. of accidents
1 42 42.25795 -0.257
2 65 64.0921 0.907
3 58 57.73278 0.267
4 75 75.51077 -0.510
5 46 46.46861 -0.468
6 52 52.35287 -0.352
7 75 74.62118 0.378
8 65 65.1654 -0.165
9 45 43.73169 1.268
10 63 62.77193 0.228
11 22 22.08852 -0.088
12 54 55.16048 -1.160
13 58 57.99492 0.005
14 40 39.9867 0.013
15 49 49.74013 -0.740
16 28 25.95482 2.045
17 31 30.28615 0.713
18 19 21.08301 -2.083

The multiple regression prediction models for the number of
fatalities in a road accident has been developed passing
through the set of points as,

Y= 7.36 + 0.033 X;- 0.291 X; -0.064 Xs- 0.254 X, - 0.392
Xs -0.314 X -0.072 X7 + 0.052 Xg + 0.108 Xo -0.191
X10+0.104 X117 -0.016 X15+0.186X13+0.168X14+0.026 X35

Here, Y is the output (dependant) variable, and X is the input
(independent) variable.
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Table 6. Actual Verses Predicted Deaths

Observation ég;ﬁls Plgeed;fﬁid Residuals
1 5 4.685 0.314
2 10 8.893 1.106
3 6 6.363 -0.363
4 5 5.133 -0.133
5 3 3.465 -0.465
6 6 6.230 -0.230
7 3 2.819 0.180
8 4 3.828 0.171
9 6 5.216 0.783
10 5 5.268 -0.268
11 6 6.561 -0.561
12 5 6.188 -1.188
13 5 5.227 -0.227
14 12 11.963 0.036
15 8 7.870 0.129
16 5 5.288 -0.288
17 8 6.154 1.845
18 6 6.840 -0.840

b) Model Using ANN

Using an “artificial neural network”, the results obtained for
an accident prediction model are mentioned below. For
preparing this prediction model, 24 hidden layers were
considered based upon trial & error to get the best fit R-
value. Here 16 are total input parameters & 2 output
parameters were considered. The sigmoid function is used as
an activation function.

Neural Network

Hidden Layer

OutputlLayer

Algorithms

Data Division: Random (dividerand)

Training: Levenberg-Marquardt (trainim)
Performance: Mean Squared Error  (mse)

Calculations: MEX

Fig. 5 Neural network diagram
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The available accident dataset was divided into three parts in
this study. 70% of data was used for model preparation, 15%
for Training and Testing of the model and the remaining 15%
for Validation of the model. From the following values
obtained,

The root mean square (R) for Training of a network was
0.9012,

Root mean square (R)) for the Testing of a network was 1,
The root mean square (R) for the Validation of a network
was 1,

For the overall performance of the model, the Root mean
square (R) was 0.93525

IV. CONCLUSION
In this study, the ANN model was compared with the
multiple linear regression model. The relative performance of
both models showed that the proposed ANN model
performed better than the Multiple linear regression model in
terms of accuracy. The accident and fatality prediction
models are developed using multiple linear regression as well
as ANN techniques. The comparative study shows that the
performance of said prediction model, prepared using
multiple regressions, is 88%, while using ANN, the model
gives an overall 93% performance. So ANN Model gives
very good accuracy for the prediction of an accident in the
case of mixed traffic flow with the given input variables. By
using this model, precautionary measures will be
implemented at that location which will avoid accidents or
reduce the impact of an accident. Also, using this model, the
parameter which is actually responsible for an accident is
identified easily. ANN took less time and was an excellent
tool for the preparation of the prediction model.
The study reveals that a maximum number of accidents
occurs during day time. The road intersections road
conditions along the inviolacy of traffic signals are other
major causes of the accident. During the study, it has been
observed that maximum patches were there on the road,
during the rainy season, potholes developed were impacted;
the Speedy vehicles are also one of the major causes of
accidents. This study is useful for a similar type of industrial
region with mixed traffic flow.
This prediction model can be further enhanced on the real-
time streaming data from the entire transportation medium
with the Onboard diagnostics (OBD) devices. Also, more
data frames regarding the environmental condition, traffic
data, characteristics of different types of vehicles and road
sensor data for mixed traffic flow shall be included for better
accuracy in the prediction relevant to the exact time and
surrounding condition.
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