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Abstract 
 
In Intelligent Transportation System (ITS), the prediction of traffic flow is an 
important research area. It is an important element in the traffic management 

system. It indicates the prediction of traffic flow values for the future based 

on the historic and current traffic information. The prediction of traffic flow 
information helps the user to schedule their travel route which helps them by 

saving their valuable time and reduce the fuel wastage. Traffic flow 

information is highly nonlinear; hence it needs deep architecture for finding 

the desired patterns. This paper provides a review of the various traffic flow 
prediction methods used in Green Intelligent Transportation System, and 

their categorization into different types. 

 
Key words: Intelligent transportation System, Traffic Management, Traffic 

flow prediction, Deep learning, Functional Nonparametric Regression. 

 

1 Introduction 
 

The human population increase leads to the increase in the number of 

vehicles used by the people. This leads to the need of implementing traffic 
management system which helps to improve the traffic conditions in all 

places. ITS supports all the functionalities for implementing smart cities in 

which traffic flow forecasting is an important one. It helps the user to provide  
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timely information regarding current traffic situation based on the real time 

data. It provides the current traffic information, expected travel time, road 

conditions and the best optimal path for enhancing their travel decisions. It 
is a process of predicting the traffic flow value for short and long time 

duration based on the historic and present value. This prediction value 

suggest optimal route to minimize the travel time and optimize the fuel 

usage to the passengers. It also helps the transport authorities to make 
decision to avoid traffic congestion. 

For quantifying the congestion on roadways, traffic density is an 

important factor. Traffic density is calculated based on the how many 
vehicles travelled in a unit time. It is calculated from the features such as 

speed, lane occupancy and the traffic flow. The traffic density information 

can be predicted from the past values and it can be intimated to the road user 
through mobile app and as a sign board. 

It is a time series problem in which the data form one or more location 

are collected to estimate the future traffic value. It depends on spatio- 

temporal characteristics of traffic information since the traffic congestion in 
one location affects the nearby location also. The input for this prediction can 

be from different sources like cameras, mobile GPS, social media, inductive 

loops, etc. The short term traffic forecasting determines the traffic flow and 
traffic speed for the next five minutes to 30 minutes duration. 

The remainder of the paper is oragnised as follows. The review of 

various forecasting methods were discussed in Section 2. Section 3 presented 

the comparative analysis and the conclusion was given in Section 4. 
 

2     Literature Review 
 

Traffic variables prediction like volume, density and speed is important 

for traffic management systems. The prediction of these parameters for a 
short duration provides valuable information. To identify the advantages and 

drawbacks of different methods, it is essential to understand the working 

process of these methods.  
The short term traffic flow prediction techniques includes Time Series 

Model, ARIMA, SARIMA, Kalman Filter model, Markov Chain Model, 

artificial neural network, Back Propagation, Deep learning, Bayesian 

Network, Fuzzy logic and Hybrid Model. 
In [1], various short term traffic forecasting techniques were reviwed. In 

that paper they discussed the various issues in the design and methodology 

and mentioned the complexities involved in the different forecasting 
methods. They discussed the various challenges and the further research 

directions in relation to the challenges.  
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A long term prediction of urban traffic situation using functional 

nonparametric regression (FNR) was proposed in [2]. To predict the freeway 
traffic flow, the auto correlation coefficient was analyzed to find the state 

vector for the kernel regression process. PCA method helps to find the 

seasonal trend present in the data and the distance function for calculating the 

proximities of different time series data. 
 ANN based approach for predicting flow in heterogeneous condition was 

proposed in [3]. The speed value of different vehicles was given as input to 

the neural network for prediction. This work does not consider the peak 
hours traffic flow which is essential for the traffic management. 

A speed density model was used to obtain the delay time from the 

starting of a road to an end. To represent the model a triangular shape 
macroscopic fundamental diagram was used. In [4], a spatial prediction 

model proposed in which it takes input as the count of vehicles at the place 

and predict the traffic flow value. The input parameters may not easy to 

obtain, hence it may lead to an inaccurate prediction. 
 

2.1 Parametric Approach  
 

In this type of approach, small amount of data is sufficient to find the 

paraments of the model since the structure is lareay fixed.  

 

2.1.1 Time Series Models  
 

The basic concept of time series model was to analyze the trend in the 

historic data and identify that pattern in the future. 
An urban signalized transport network with multiple junctions, a 

multivariate structural time series model[5] was used for prediction. The time 

series data form that multiple intersections was collected and it is used for 
prediction. 

The Box-Jenkins approach was proposed in [6], for predicting the 

volume of traffic in urban arterial. It predicted the value based on the stored 

values of last error and current data. To reproduce the original time series 
ARIMA model of order (0, 1, 1) was used. 

 

 
 
 
 
 
 
 
 



                                                                                                                  
 

 
 
 
 
 
5222 B.Vijayalakshmi et.al 

 
2.1.2 ARIMA and SARIMA  
 

Sseasonal autoregressive integrated moving average model [7] proposed 
for modeling univariate traffic condition. This model performed forecasting  

based only on the past data.The Box-Jenkins Autoregressive Integrated 

Moving Average (ARIMA) model[8] requires very huge historical database 
for its prediction model design. To overcome the issue of data availability a 

prediction method using seasonal ARIMA(SARIMA) uses  limited input data 

for forecasting.  

 
2.1.3 Kalman Filter Theory  
 

A kalman filter based state estimation was proposed[9] for prediction of 
motorway traffic. Due to the random nature of traffic information, a state 

space model is suited for this process. A dynamic state space model was 

developed based on Bayesian forecasting and conditional independence 
relationship. 

For predicting short-term traffic density and time occupancy Kalman 

filtering theory based model was proposed[10]. The prediction parameters 

were updated in this model with the values of most recent prediction error. 
 

2.1.4 Markov Chain Model  
 

Sampling Markov Chain model was proposed [11] to predict traffic flow. 

The parameters needed for finding the transition probability are calculated 

with Competitive Expectation Maximum algorithm. Markov chain is suitable 
for the traffic prediction problem, since it depends on the current and 

previous state. It is also applicable for incomplete traffic flow data. 

 

2.2 Non Parametric Methods 
 

The non parametric model requires more data to process. The model 

structure and model parameters can be determined form the data. The non 
linear process in traffic can be easily represented with the help of this 

approach. 
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2.2.1 K-Nearest Neighbor 
 

In a database with historic events, the k events which are similar to the 
current state is searched every time for predicting the future. 

For urban expressway flow prediction, a k-nearest neighbor model was used 

in[12]. This model uses a search mechanism for searching an event in a 
database and proposes a prediction plan. It requires preprocessing of data to 

avoid the magnitude difference and for improving the prediction accuracy. 

 

2.2.2 Fuzzy Logic 
Fuzzy logic [13] helped to handle uncertainties occurred in 

measurements and data during the parameter calibration. It provides a time 

dependent prediction intervals for forecasting traffic flow.  A membership 
function can be used to associate a range of values to reflect a level of 

uncertainty. 

A fuzzy-neural model[14] consists of two stages, one for grouping the 

traffic patterns having similar characteristics into clusters and another for 
representing the relationship within each cluster referred as Gate network and 

Expert network.  

A fuzzy neural network model using subtractive clustering was 
developed[15] for traffic flow prediction. Neural network has the nonlinear 

mapping capability.   The knowledge base was constructed and the fuzzy 

rules were generated by subtractive clustering technique to perform 
prediction  

The interval type-2 fuzzy sets was developed[16] for long term 

forecasting. This model consists of  type-2 fuzzification operation along with 

the forecasting modules. A central limit theorem and interval approach was 
used to depict the variation in forecasting result with high precision. 

 

2.2.3 Bayesian Networks  
 

The Bayesian network [17] can be modeled with the information from 

adjacent road links and the joint probability distribution between the nodes 
are described using Gaussian Mixture model. The incomplete traffic data can 

be handled by this method by a message passing mechanism to perform the 

forecasting efficiently. 

The information about origin destination pairs and/or link flows helps to 
predict the traffic flow and also to update these predictions. This is achieved 

with the help of Bayesian network[18]. The model also includes the 

congested traffic information. 
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The spatial and timing data in a transportation network can be combined 

to form a spatio-temporal Bayesian predictor[19] for forecasting. To rank the 

input variables Pearson correlation coefficient is adopted. The statistical 
relationship is described with a Gaussian Mixture Model. The distant road 

links have high correlation coefficient. This model supports traffic flow 

prediction for case of incomplete data also. 

 
2.2.4 Neural Networks  
 

In order to capture tht nonlinearity and dynamic characteristics of traffic 

data, the neural networks models are suitable for solving the traffic 

prediction problem. Many extensions on the basic concept have been 

implemented to improve prediction accuracy and/or reduce computational 
effort.  

In [20] a multi task learning based back propagation networks was 

modeled to predicting the flow value. The Levenberg-Marquardt algorithm 
was used to perform training. The training information from more than one 

task will be used to improve the generalization. 

An object-oriented NN model proposed [21] for estimating the travrl 

time of freeway. Here the speed prediction was done by using time-lag 
recurrent Network(TLRN) model. The static back propagation method was 

used to train the feed forward network. 

A backpropagation based neural network model proposed [22] to 
perform traffic flow prediction in metropolitan areas. It was capable of doing 

nonlinear forecasting. The model uses two phase for training like initial 

learning for determining weights for a regular data and adaptive learning for 
special traffic data.  

The traffic data is highly lumpy which may degrade the performance of 

the neural network training process. Such lumpiness can be removed by 

exponential smoothing approach followed by LM algorithm [23] for training. 
A back propagationbased NN model [24], uses the traffic flow difference and 

a dynamic rolling prediction as input parameter for flow prediction. 

 

2.3 Deep Learning based Models for Traffic Flow Prediction 
 
 The increase in large volume of data and the growing computing power 
opens a new opportunity to process the data using deep learning based 

approaches to improve the accuracy. 

The real time transportation big data was analyzed and the traffic conditions 

were estimated using tensorflow deep neural network model in [25]. It used 
logistic regression analysis method to differentiate congested area. This 

model used supervised deep learning approach. To build a model they used 

tensor flow and to analyze the big data Pandas was used. AdaGrad function 
was used as an optimization algorithm for this model. 
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A DL based architecture [26] consists of DBN to perform supervised 

prediction. DBN is used for learning the features from the input through a 
nonlinear feature transformation. This model uses a multi task learning 

architecture which combines a group of related task using weight clustering 

method based on the top layer’s weight. 

A DNN model of stacked autoencoder Levenberg–Marquardt (SAE-LM) 
model was proposed[27] to solve the traffic flow prediction problem. The 

LM algorithm was used on the top to train the input from the auto encoder. 

This model works well for the lumpy traffic data. If the data has high smooth 
distribution then this model may not produce a better result. 

Spatio temporal correlation of nonlinear traffic data was represented 

using the stacked auto encoder model[28]. SAE along with the logistic 
regression on top forms a deep architecture model for predication. To 

pretrain the network unsupervised learning algorithm was used. 

The LSTM based recurrent neural network model [29] proposed to find 

out the long term dependency in the input data. This model was adopted to a 
different combinations of inputs like flow along with speed, occupancy and 

neighboring information to yield a better results. This model also includes 

traffic variables from the nearby stations as input.  
The R-DBN model consists of a set of restricted Boltzman Machine 

models, which is used to extract the features by unsupervised learning 

method. The LSTM neural network is used to train the data in a back 

propagation method. The non-traffic input, rainfall intensity is considered as 
an additional input which greatly improves the performance of this 

model[30]. 

LSTM based approach LSTM-M model for handling varying length data 
along with missing value was proposed in [31]. The missing patterns are 

multi model in nature and it cannot be represented by short or long time 

inferences. The missing data can be predicted by the temporal information of 
dissimilar scales. The LSTM-M model uses tanh activation function and 

Adam algorithm for optimization. 

Deep LSTM approach was proposed [32] for predicting the traffic in 

peak hour and post traffic situation. This deep LSTM was expanded with 
stacked auto encoder in order to consider the accident features for prediction. 

This mixture deep LSTM forecast normal traffic and post-accident traffic. 

The spatio temporal traffic information within a transport network was used 
to model the forecasting method which uses CNN & RNN [33]. An attention 

based model helped to learn the relationship between saptio-temporal 

domain.  
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The local trend features of multimodality traffic data was captured by the 

one-dimensional convolutional neural network and the long temporal 

dependencies of that data was represented with the Gated Recurrent Units 
(GRU). This hybrid multimodal deep learning framework [34] designed by 

multiple CNN-GRU-Attention modules. This model determines the spatial 

temporal correlations in multi-modality traffic data like speed-flow-journey 
time. 

A deep generative adversarial network model[35]proposed to predict the 

saptio temporal data. This model used inference network and generative 
network for predicting the data. An adversarial training model 

TrafficGAN[36] is used to perform traffic flow forecasting. The spatio 

temporal features are extracted using CNN and RNN are embedded with 

GAN. In [37], a conLSTM model proposed for predicting  short term traffic 
flow at multi lanes. CNN was used to identify the routing patterns among the 

lanes. 

 
An autoencoder based LSTM model[38] used to for traffic forecasting. It 

used AE to obtain the features from the data and LSTM for prediction. A real 

time traffic prediction method[39] uses GPU for predicting the large volume 

of data using the  deep learning models with various combination of input 
parameters were analyzed. 

An unsupervised learning method known as pattern sensitive network 

proposed [40] to capture the different patterns in the traffic flow and perform 
prediction in an efficient manner in extreme traffic situation also.An 

ensemble of ARIMA model[41] was proposed for prediction in which each 

model takes a random  subsample for its execution.  
A hybrid predictive model of ARIMA combined with multilayer 

artificial neural network (MLANN) was develpoed in [42].  AIMA helps to 

identify the linear characteristics and ANN for non linear characteristics. The 

forecasting accuracy can be improved by combining these two methods for 
processing the different parts of data.  

A hybrid NN model combines CNN and LSTM to get the spatial features 

and temporal features from the traffic data to forecast the traffic flow [43]. 
The deep hybrid neural network model CNN-LSTM combines these two 

approaches and improve the prediction accuracy.  

 

3 Comparative Analysis 
 

This research article proposed[44] two support vector regression models 
and seasonal support vector regressor model for prediction traffic flow. They 

compared the time series models and supervised learning models and provide 

the experimental results. They concluded that SARIMA along with Kalman 
filter model provided the best prediction accuracy and less computational 

effort when compared with ANN and SVR model. 
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In this paper[45], a comparison of the various approaches like time series 

based model, historical average model and neural network based approach 
for forecasing the traffic flow prediction was done. In that they provided a  

conclusion that nonparametric regression model performed well when 

compared to other models. This method significantly reduces the errors and 

its implementation is also simple. 

 
4 Conclusion and Future Works 
 

This paper gave an insight into the various techniques for predicting the 
traffic flow. A large number of works has done on this field and still it is 

emerging one.  Among the many different techniques, it is rather difficult to 

determine a single method that clearly outperforms the rest. At present the 

deep learning based algorithms such as LSTM, GRU outperforms other 
method. The accuracy also gets improved when processing large volume of 

data in deep learning methods.. Further research is in the direction of 

development of prediction techniques which include weather data and special 
events like holidays, accidents to improve the performance. 
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