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Abstract: As accident is increasing continually.GPS created 

traffic data need to optimal .Deep neural networks having more 

number of hidden layers are the rest portable to solution 

.Selecting proper DNNs the main objective . By trial and error 

proper the selective of DNN has been achieved for optimization of 

traffic data.   

 

Index Terms: Back propagation, neural network, deep neural 

network, recurrent neural networks. 

I. INTRODUCTION 

  The damage due to accidents on roads has very significant 

social impart in personal and national and environmental 

expenditure. As per WHO (World Health Organization), road 

fatalities have crossed one million from 2015, 3 years ago. It 

is pertinent to examine driving styles, risk patterns including 

the linkage of sensitivity of drivers to complex real life 

situations. The influence of driving pattern on environment 

and fuel use has been studied earlier [1].The insurance 

companies include pay-as-you-drive and pay-low-you-drive 

for billing which need to consider the aggressive quality, if 

any, of the person drivering. 

GPS is the preferred device for actual position data [2]. The 

main advantages of GPS sensor data are 1) Large scale of 

sampling 2) Undeterred data collection 3) Continuous real 

time data set. Data fusing has been used to combing GPS data, 

gyroscope and accelerometer for the objective of signal 

processing and filtering [3]. 

Traditionally, statistical algorithms have been used to study 

the driving behavior. However, computer intelligence 

methods have primary depended on Deep learning methods. It 

is the objective of this research work to work on modeling 

through ANN for predicting driving patterns. 

deep neural networks based on time and space with no 

supervisor for training can be developed learning drivers 

behavior patterns. This approach covers a) Features learning 

by auto encoders and b) mapping methods of clustering. 
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The main advantages of GPS sensor are: a) Real time and 

continuous data. b) Large scale sampling .c) Data collection 

without obstruction .Two disadvantages are high level of 

noise and heterogeneous data source. Data fusing is possible 

for integrity GPS data, gyroscope and acceleration. For 

filtering and smoothening Smartphone data can also be 

combined. Objectives of Research work  

• Design development of DNN for predicting driving 

patterns using GPS. 

• To have a case study of such patterns with respect to 

metropolitan cities. 

• To have simplified package for specific vehicles with GPS 

/Smartphone data. 

II. PROPOSED METHODOLOGY OF NEURAL NETWORKS 

In comparison with statistical averaging or regression by 

Kalman filtering [4] ANNs (Artificial Neural Networks) help 

in machine learning methods suitable for predicting traffic 

situations. Basically, ANNs learn from given examples of 

establish implicit functional relationships in parameters of 

data even though the internal relationships are unexplored on 

too hard to comprehend in figure 1. For problems whose 

solutions require information that cannot be easily specified, 

ANNs are most suitable even the unseen portions can be 

visualized in noisy information. To have maximum benefit it 

ANNs of is essential to have sufficient [Zhang, 1998] capauts 

of hidden layers.  

 

 
Fig. 1. Structural diagram of a neuron 

 

Hidden layer 

 The hidden layers generate the weights of the connection to 

the output layer of the bias parameters bias during training. 

The hidden nodes allow the neural network to detect the 

future of capture pattern in the data suitable for performing 

non linear mapping. A single hidden layer is sufficient to 

handle any non linear function. The number of nodes in 

hidden layer in normally selected by experiments.  
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In many cases if is taken as half of sum of input neurons and 

output neurons. ANN (artificial neural networks) has a lot of 

important applications such as classification, associative 

memory, control and perception. Inspired by the biological 

neurons behavior in terms of dendrites, axon and change of 

state ANNs need to be properly implemented to attain level of 

human operations. A simple neuron can be described by the 

schematic shown in the figure 1. 

The synaptic weights are represented by W’s where as x1, 

x2……..xn give the inputs. The condition of firing is decided 

by the inequality ∑wi xi>reference value of neuron. Beyond 

this the neuron sends out a signal equivalent to the signal 

through axon as in biological equivalent. 

 
Figure. 2. Layered feed forward neural network 

Figure 2 shows a typical case of layered feed forward neural 

network in which the hidden layer represents the additional 

neural structure involved in the operation. There can be many 

hidden layers as in deep neural network (DNN). 

For utilizing ANNs in dealing with non linear structures, an 

activation function is supposed to be applied to the output of 

the neuron. There are many types of activation functions the 

popular choice being sigmoid function represented by output 

equal to inverse of (1+e
-x

). 

Back Propagation 

  As per the error between actual values of the solution of 

the output the weights of hidden-output, input-hidden layers 

have to be adjusted in backward movement. Taking wji as the 

synaptic weight connecting i
th

 input to the j
th

 neuron the 

objective of any program is to improve wji so that the mean 

square error is minimized. The average error  of the 

output of neuron j at iteration n for N no of examples in the 

training set is shown in figure 3. 

 
Figure 3 Back propagation neural network 

 
(1) 

Where the desired output. The back propagation 

algorithm applies collective weight  which is 

proportional to the partial derivative.  of error with 

respective wji. Take  as the learning rate parameter 

                       the typical value of    are 

between 0.001 to 1.0. For increasing the rate of learning and 

avoiding instability. (Rumelhart 1986) suggested a 

momentum term.  

 
(2) 

The gradient is defined by equation    

 
(3) 

 

   Neural network having more than one hidden layer is 

termed as Deep Neural Networks (DNN) figure 4. RNN 

(Recurrent Neural Networks) are capable of knowing 

dynamic classification of algorithm use for recognizing time 

series patterns in many domains in figure 5 [4]. Most 

successful deep learning neural networks use filter to find 

relationships between neighboring inputs [5]. ANNs work 

better when the models based on statistics are not valid. 

Unsupervised learning mechanism such as Auto encoder, 

Restricted Boltzmann machine and long short term memory 

network are capable of studying graphic related features [6]. 

 
Figure 4. Deep Neural Networks  

 
Figure 5 .Recurrent Neural Network 

Design of input features 

Deep Neural Networks based structure  

 
Figure 6. Deep Neural Networks based structure 
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From the figure 6 the objective of design is to have sequential 

information from multiple sensor to be given to DNN for 

densification .Estimation process has two phases: During 

offline phase .feature extraction is done by integrating sensor 

data into diversified features to train the DNN .In this online 

phase the testing data are converted into feature vectors .The 

previously trained DNN is fed with such data. 

For DNN model with L hidden layers the output is  

 
(4) 

The ReLU function is adopted as the activation function  

f(x)=max(0,z) 

(5) 

Another function is placed on the top of the L
th

  hidden layer 

to perform classification (softmax function). A back 

propagation technique is used for further processing of 

weights. 

 It is evident that the driving patterns can be used to predict 

and classifier drivers as per the driving by using input data 

and algorithm [7,[8]. Classification can be done aggression, 

attention, drinking and sluggishness. Using a reference as 

preset driving profile unsafe drivers can be detected [9]. By 

extracting features in on  supervised  mode without early 

knowledge , the basic aim is to adopt  multiplier encoder for 

transforming raw data into a code of low dimension which can 

be detected easily driving pattern with aggression are lack of 

attention are related to in consistence acceleration are 

reducing of speed .Risky speeding patterns and unwanted 

vehicle position are taken up as input data for GPS . Such data 

gives detail of vehicle orientation in degree/sec. Modeling by 

clustering methods can be used to transform features related 

to turning behavior. 

Speed parameters 

  Parameters such as speed limits, mean speed and speed 

variants are examined to define underlying equations [10]. 

For vmax, a speed  is defined as threshold speed when there 

is an over speed tendency where  

 
(6) 

Where the total travelling is time of this vehicle on road;  

correspond to speed exceeds . Moreover there is a clear 

correlation between road accident and speed variation. The 

mean and unbiased estimation of standard derivation of speed 

are covered in the correlation.  

 
(7) 

 
(8) 

Where the momentary speed of the vehicle is collected by 

GPS sensor at the time m; n is the sample size. 

 

 

Parameters related to Acceleration 

  The main parameters which need to incorporated related 

to acceleration, which are the unbiased estimation of standard 

deviation , positive (negative) standard deviation 

  of acceleration. 

 
(9) 

 
(10) 

 
(11) 

 
(12) 

 
(13) 

Where is the instantaneous acceleration of the vehicle 

collected by GPS at the time m; a is the average acceleration 

of the vehicles in the dataset.  

 Thus, on an experimental basis, we first selected eight 

features transformed from seque3nces of raw GPS data 

[11-13] to serve as the behavior-to-vec X of drivers, where X 

is constructed as follows: 

 
(14) 

Learning Features with Auto Encoder 

 The auto encoder perform equally well in principal 

component analysis and compression scheme for the cases 

with hidden layer smaller than IO/OP layer having linear 

activation [14].Current research as proved that nonlinear auto 

encoders can classify specific types of multimodal and 

nonlinear domains precisely, relatively deeper connection 

between variable are seen . 

 To enhance the performance of an auto encoder, the input 

vector needs to be element-wise normalized to 

 
(15) 

Where xi is the average value of each feature and is the 

variance. We take the normalized vector X as the input of the 

auto encoder and define V as the behavior training set which 

is ready to feed into the auto encoder with a size of M. 

 
(16) 

Where n is the size of the dataset. Design of the model based 

on multiple layer structure (>=3) as the basic objective of 

compressing and extracting latent features such as regression 

and classifications. First layer gives the input the intermediate 

layers is the hidden layers are hidden layers and finally last 

one will be output layer. 
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III. RESULTS AND DISCUSSION 

Referring to figure 7, the inputs to ANFIS are used speed 

acceleration and auto encoder which is linked with DNN .The 

training data of both the inputs are available in table 1 and 2 

.The start of training has in figure 7 (a) and (b), in figure 7(c) 

and (d) checking data figure 7 (e) error analysis of the 

behavior patterns. 

The procedure includes the 18 fuzzy rules shown in figure 9 

.Number of nodes is 58, linear parameters are 18, nonlinear 

parameters 24 .Number of training data pairs is 30 where 

checking data pairs are 17.Training is completed in epoch 2. 

The output of ANFIS is shown in figure 8.The choice of 

membership function is also found to be correct as less time 

the result has been obtained rms error in table 3 . It can be 

inferred that the basic objective of utilizing ANFIS using 

DNN has been successfully parried for driving behavior 

patterns.  
Table 1 Data sheet of GPS Training data traffic speed 

acceleration and auto encoder values 

 

Speed Acceleration Auto encoder Projected value 

0 0.2 0.5 96.2 

0 0.3 0.5 87.7 

0 0.4 0.5 74.9 

0 0.5 0.5 60.3 

0 0.6 0.5 58 

0 0.7 0.5 60.1 

0 0.8 0.5 101 

0 0.9 0.5 93.75 

0 1 0.2 85.98 

0 0.2 0.2 75.9 

0 0.4 0.2 91.64 

0 0.5 0.2 89.46 

0 0.6 0.2 70.44 

0 0.9 0.3 73.44 

1 1 0.3 93.4 

1 0.2 0.3 79.926 

1 0.3 0.3 78.676 

1 0.4 0.4 77.426 

1 0.5 0.4 76.176 

1 0.6 0.4 74.926 

1 0.7 0.4 73.676 

1 0.8 0.4 72.426 

1 0.9 0.5 71.176 

1 1 0.5 69.926 

1 0.2 0.5 68.676 

1 0.3 0.5 67.426 

1 0.4 0.5 66.176 

1 0.5 0.5 64.926 

1 0.6 0.5 63.676 

1 0.8 0.5 62.426 

In the above table the driving behaviors for different 

parameters of the vehicles in traffic scenario.    
Table 2 Data sheet checking data 

Speed Acceleration Auto encoder Projected value 

0 0.2 0.5 96.2 

0 0.5 0.5 87.7 

0 0.5 0.8 74.9 

0 0.6 0.9 60.3 

0 0.6 0.9 58 

0 0.7 0.3 60.1 

0 0.8 0.5 75 

0 0.9 0.5 93.75 

0 1 0.2 85.98 

0 0.2 0.2 75.9 

0 0.4 0.2 91.64 

0 0.5 0.2 89.46 

0 0.6 0.2 70.44 

0 0.9 0.3 73.44 

1 1 0.3 93.4 

1 0.2 0.3 79.926 

1 0.3 0.3 78.676 

Table 3 representing the combination of ANFIS and DNN 

values 

Parameters ANFIS DNN ANFIS+DNN 

Training data 4.3941 0.269 0.259 

Testing data 4.48896 0.468 0.258 

Checking data 4.3941 0.489 0.256 

RMS error 3.585873 0.358 0.256 

 

 

(a)  
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(b) 

 

(c) 

 

(d) 

 

(e) 

Figure 7 (a) Training data ANFIS+DNN (b) Training data 

DNN+ANFIS (c) Checking data ANFIS+DNN (d) Checking data 

DNN+ANFIS (e) ANFIS error data 

 

 

Figure 8 Structures of ANFIS 

 

Figure 9 Rules viewer for driving behaviors 

 

(a) 

 

(b) 

 

(c) 

Figure 10 (a) speed (b) Accreleation (c) autoencoder 
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hoto 

 

 
 

IV. CONCLUSION 

As per the objective, design development of DNN suitable for 

driving pattern has been created out from the case studies. It 

has been found that auto encoder based compression scheme 

works equally for PCA .Overall; DNN method of 

optimization has been formed to be suitable for traffic data of 

GPS. 
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