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Abstract
In the context of Intelligent Transport Systems (ITS), the behaviour of

road traffic has been the subject of many theoretical and experimental re-
searches. In the last decade, road prediction is placed as the first line of
research in this field. The problem has been solved with a variety of models
to assist the traffic control, this includes, improving the efficiency of trans-
port, guidance in the road, and smart coordination signals. This paper tries
to synthesize the carried out, on three main approaches, namely based on
statistical methods, time series and deep learning.A comparatives synthesis
in terms quantitative and qualitative index of is provided in order to evaluate
the performance and potential of the three forecasting approaches.

Keywords: Intelligent Transportation System, Traffic Forecasting, Artificial Neu-
ral Network, Deep Learning.

1 Introduction
Recent years have been marked by an exponential growth in the volume of road
traffic. Intelligent Traffic Management systems (ITS) have been deployed in the
face of social, economic and ecological challenges, for this purpose, an industrial
and scientific partnership have been set up with the aim of improving the fluidity
of road traffic. Furthermore, data collection and access to information techniques
has been considerably expended, many researches aim to develop decision support
tools in different contexts for this domain, including intelligent guidance, intelligent
traffic control, or the construction of new roads as shown in Figure1.
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Figure 1: Scope of Road traffic Prediction

The accuracy of prediction has been improved recently by the development of
data sciences and machine learning (ML). Research in this field is moving towards
the development of models capable of predicting road traffic under normal and
abnormal conditions. The approaches adopted depend on the need for the pre-
diction, the exact context and the field of application. Considerable effort, had
begun research with classical models, such as the historical average, the Kalman
filter proposed by [16] or K-NN. The development of modern statistical theory and
machine learning methods have accelerated the pace of research on a variety of ap-
proaches, which usually revolved around classification and regression methods.The
main goal of the present paper is to synthesize the traffic forecasting models on
three main approaches, namely based on statistical methods, time series and deep
learning. A quantitative and qualitative comparison is provided in order to evalu-
ate the performance and potential of the three forecasting approaches. This paper
is organized into three sections, the first is an introduction, the second contains
a review of the literature of approaches adopted in road prediction and the third
concludes techniques giving satisfactory results in this domain.

2 Approaches adopted in the prediction of road
traffic

Traffic forecasting methods in this context are based on modelling of road traffic
data, for prediction methods based on machine learning, early works were boosted
in the 2000s by statistical approaches, and continue to evolve using deep learning
methods. Formally, the objective is to develop a method that can predict the av-
erage speed of flow at a point on the road network in the future, by using a data
history. Many techniques have been proposed, and they would not be possible to
make an exhaustive state of the art from previous works. An overview of the litera-
ture, allowed to synthesize the methods in three categories, Statistical approaches,
Time Series approaches and Deep Learning approaches.
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2.1 Statistical approaches
Statistical methods are beginning to appear as powerful methods in the field of Ma-
chine Learning, starting with classical linear regression techniques such as K-NN,
or kernel-based methods (SVM). In the statistics, Machine Learning is a problem
of functional approximation or regression, as it proposed by [11], the model tries to
find a relation between the future speed and the combination of the speeds observed
before the moment of the forecast, this work is based on the unsupervised classi-
fication of daily traffic trends and gives inaccurate results in the very short term
forecasting, these daily trends are modelled from the calendar measures assumed
to be exact, the application of this model does not support missing or incorrect
data.
An other methods, aim at modelling the joint density of probability and uses the
inference to clean the data, the generative model proposed by [20] is called Multi-
Varied Gaussian Trees (MGT), the idea is to characterizing the road traffic and
the dependencies between the measured quantities, This computationally complex
work, illustrates the power of prediction approaches based on conditional statis-
tical theories including methods derived from Bayesian networks. Kernel-based
methods are also one of the most promising approaches in predicting road traffic,
the work was initiated by [29] then [15].The performances of these techniques were
also demonstrated by [22] exploiting a dataset of Chennei.
SVMs are categorized in the paradigm of supervised learning and implemented
frequently in classification and regression analyses, in the case the flow of traffic
is affected by many non-linear elements such as weather conditions, accidents or
vacation days(see Figure 2).

Figure 2: SVM Classification

Another variant LSSVMS (Least Square SVM), proposed by [26], in order to
reduce the calculation compared to the use of basic SVMs, by transforming the
quadratic programming problem into a problem solving a linear equation.

2.2 Time Series based approaches
Time Series are an important part of the data produced and available on the
internet or in specific deployments namely, traffic control centers. ARIMA (Auto
Regressive Means Average) or Jinkins-BOX methods have been reported on several
studies in road prediction. The work shows that this method is the most adopted
in the short term prediction.
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Figure 3: ARIMA Process

The first results [21, 12] show that cloud data availability is a major problem in
the application of these methods. Current efforts are trying to define alternatives
to out-discard this problem, the work of [7] with the SARIMA model (Seasonal
ARIMA) gives conclusive results with a limited input data set, [30] also proposes
the Switching ARIMA method to remedy the lack of data. These methods are a bit
attractive because of their simplicity and efficiency, nevertheless, the no linearity
must be insignificant for autoregressive models to show acceptable performance.
The lack of data must be treated also in the time series, the work of [3] illustrate the
use auto regressive in a time series completion tasks, by adding special constraints
making it possible to model the relation between several series through a graph.

2.3 Deep Learning Approaches
In the past few years, there has been a resurgence in the use of ANN (Artificial
Neural Network) for the treatment of predictive tasks which allowed the reboot-
ing of the works in the different contexts, particularly in the field of road traffic
management. The return was motivated by the availability of data and the exper-
imental platforms, Neural networks have also evolved, in terms of modelling, the
techniques are no longer iterative algorithms as the case of Perceptron, but with a
more complex and deep architecture as the case of CNN and RNN.
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Figure 4: ANN Regression

ANN show their power following the work of [4], [8] and [9], a FNN (Fuzzy
Neural Network) is proposed by [5] for prediction in the urban road network us-
ing a self-adaptive predictor. Neural Network with deep architectures have been
successful in the solving of various learning tasks, including image and speech and
recently presented in the context of prediction as the most adopted techniques.
Yisheng et al. proposes a neural network with a SAE (Stacked Auto Encoder) ar-
chitecture used for learning the generic characteristics of the traffic[27]. This model
was trained, with data from a highways control center in California, by using an
unsupervised learning algorithm, the results were compared with other classical
NN architectures namely the DBNN (Deep Belief Neural Network) proposed by
[24] and RBFN (Radial Basis Function Network) and SVM methods as an anther
approach. The same set of data is applied in [28] by an architecture of an LSTM
(Long Short Term Memory) network, then [25] with the proposal of a model called
DeepTrend inspired by the classification of daily traffic trends, in this work, the
architecture of the model is deeper and is based on two layers one for extracting
daily traffic trends, and one based on an LSTM network for prediction.
Haiyang et al. develops a hybrid model called (SRCN) Spatial Recurve Convolu-
tional Network [14], which combines two architectures, DCNN (Deep Convolutional
Neural Network) and LSTM for the prediction of traffic speed in a road network. In
this architecture, the DCNN layer has been used to capturing special dependencies
of traffic in road network.
The combination of approaches is becoming more adopted in traffic modelling, es-
pecially for arterial roads, Spatio-temporal dependencies are modelled efficiency
and in a finer way by using hierarchical representations of deep architectures [23].

3 Comparative synthesis for the three approaches
In order to fully evaluate the performance and potential for field implementation
of the three forecasting approaches, a performance index system is established
in terms of two parts: quantitative and qualitative indexes. The quantitative
index consists of Root Mean Square Error (RMSE). The qualitative index refers
to the ease of implementing a forecasting model, which is evaluated based on time
and effort required for model development, the required expertise, adaptability to
changing temporal or spatial behaviour.
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3.1 The qualitative index
The study of three modelling approaches allows to provide a brief comparison
shown in the following table :

Qualitative
Index

Statistical Approaches Time Series Ap-
proaches

Deep Learning Ap-
proaches

Time and
effort
required
for model
develop-
ment

The methods derived
from baysien networks
require design of a
complex graph. SVM
are the most statistical
methods used for
traffic prediction, the
model is described by
quadratic program-
ming problem witch is
complex to resolve.

As shown in Figure 3,
the modelling process
is simple but required
a completion. for pre-
diction traffic of many
points in road network
the relation between
several series must be
modelled in complex
graph.

Artificial Neural net-
work in traffic pre-
diction are designed
with a complex archi-
tecture. Recent works
in this context use a
combination of several
model of Neural Net-
work.

required
Skills

Require an experience
in statistical theories of
Machine Learning and
the understand of the
kernel functions.

Require experience in
statistical theories of
time series.

Require experience in
ANN (Artificial Neural
Network) and Combi-
nation of several vari-
ants.

Adaptative
to change
temporal
and spa-
tial be-
haviour

Statistic studies are
developed for specific
phenomena. The
methods based on
SVM are less adap-
tative when the flow
of traffic is affected
by many other no
linear elements such
as weather conditions,
accidents or vacation
days.

Variants of ARIMA
proposed in[6] and[29]
are designed for spe-
cific context. The
variables(exogenous
inputs)added depend
to a particular spatial
context.

The data-driven meth-
ods are better suited
to develop adaptative
model, this is the
strong point com-
pared to model-driven
methods.

The first models described in the first and the second approach, have proved
a capacity and simplicity and contributed to the perfection of ITS, however they
are considered classic and are developed for a simple contexts by using a limited
datasets. It has been observed from complex parametric models that the accuracy
of the prediction depends on the characteristics embedded in the spatial-temporal
data collected. At this stage, the use of non-parametric methods, based on Neu-
ral Networks, are more promising and allow having a good prediction when the
architecture is deeper.

3.2 quantitative index
In order to compare the approaches cited above, experiments were carried out on
open dataset. The performance of the model has been evaluated by the Root Mean
Square Error :
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RMSE =
√

( 1
N )

∑n
i=1(ti − pi)2

Where pi = predicted traffic flow; ti = actual traffic flow; N = the number of
predictions.
In this experiment, traffic flow data was obtained from Baidu research Open Access
dataset [1], A traffic dataset was provided for the 6th ring road, the speed of
15,073 road segments is recorded per minute, then averaged with a 15-minute
time. This data was formatted as line delimited, in total there are 88,267,488 rows
in the specific time period.We limit our study only for the highway.(See the studied
segments explored by QGis tool in Figure 5)

Figure 5: The spatial distribution of studied segments

The result data is formatted as large matrix, then stored in CSV file.The data
can be easily manipulated by Python libraries such as Pandas and explored by the
elegant library matplotlib
For all models, the experiments were performed under PC (Windows 8 Professional,
CPU: Intel Xeon(R) E51650 3.50GHZ, Memory: 8G), which installed TensorFlow
TM (Version 1.0.0 CPU) and Python (Version 2.5.3). The Neural Networks model
are fit using the efficient Adam version of stochastic gradient descent and optimized
using the mean squared error, or ‘MSE‘ loss function with the following parameter
settings: Epoch = 50. Batch size = 72. result are obtained as follow :

Models RMSE
ARIMA 95.140
SVR-LINEAR 102.847
SVR-POLY 101.144
SVR-RBF 101.843
SAE 62.19
LSTM 39.105
SE LSTM 35.458
CNN LSTM 31.585

The results are more conclusive for the architectures using deep learning models,
especially for the hybrids architecture(CNN LSTM combination) which justifies
the frequent adoption of these techniques in the most of current works.
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4 Conclusion
This paper has describing and categorizing the different methods adopted in road
traffic forecasting on three approaches; the statistical approaches based on statisti-
cal machine learning methods (KNN, SVM), time-series based approaches (ARIMA
or box-Jinkins) and deep learning approaches (SAE, LSTM, CNN). A compara-
tive study has been provided in terms of two parts: quantitative and qualitative
index.It has been shown that the deep learning methods outperform the tow other
approaches and improved by adopting an hybrid models.
The performance and accuracy of these methods were justified in the results and
experiments compared to other approaches on the same datasets. It has been found
from review, that recent researches are adopting models based on Deep Learning,
more precisely, most popular works are currently focusing on the combination of
the different architectures such as LSTM, CNN.

References
[1] Baidu research Open–Access dataset. Available online

http://ai.baidu.com/broad/introduction?dataset=traffic accessed on
30/04/2021.

[2] Alarcon-Aquino, A. and Barria, J. A. (2006).Multiresolution fir neural-
network-based learning algorithm applied to network traffic prediction.

[3] Ali Ziat (2017).Representation Learning for time series classification and pre-
diction.

[4] Chan, K. Y. and Dillon, T. S. (2013).On-road sensor configuration design for
traffic flow prediction using fuzzy neural networks and taguchi method.

[5] Bucur, L., Florea, A. and Petrescu, B. (2010).An adaptive fuzzy neural net-
work fortraffic prediction, Control and Automation (MED).

[6] Billy M. Williams, M.ASCE and Lester A. Hoel, F.ASCE (2003) Modeling and
Forecasting Vehicular Traffic Flow as a Seasonal ARIMA Process: Theoretical
Basis and Empirical Results.

[7] De Vasantha Kumar and Lelitha Vanajakshi (2013).Short-term traffic flow
prediction using seasonal ARIMA model with limited input data.

[8] Kumar, K., Parida, M. and Katiyar, V. (2013). Short term traffic flow predic-
tion for non urban highway using artifical neural network.

[9] Kumar, K., Parida, M. and Katiyar, V. K. (2015).Short term traffic flow
prediction in heterogeneous condition using artifical neural network.

[10] Huang, S.-H. and Ran, B. (2003).An application of neural network on traffic
speed prediction under adverse weather condition, PhD thesis, University of
Wisconsin–Madison.

[11] Guillaume Allain(2008).Prévision et analyse du trafic routier par des méthodes
statistiques.

8

419



[12] Honghui Dong, Limin Jia, Xiaoliang Sun, Chenxi Li, Yong Qin (2009).Road
Traffic Flow Prediction with a Time-Oriented ARIMA Model.

[13] Guoqiang Yu, Changshui Zhang(2004).Switching Arima model based forecast-
ing for traffic flow.

[14] Haiyang Yu 1, Zhihai Wu (2017).Spatiotemporal Recurrent Convolutional Net-
works for Traffic Prediction in Transportation Networks.

[15] Lingli et al (2013).Traffic Prediction Based on SVM Training Sample Divided
by Time.

[16] Okutani, I. And Y.I. Stephanides(1984)Dynamic Prediction of Traffic Volume
through Kalman Filtring Theory.

[17] Mahmassani, H. S., Dong, J., Kim, J., Chen, R. B. and Park, B. (2009).
Incorporating weather impacts in traffic estimation and prediction systems,
US Department of Transport, Washington.

[18] Min, W. and Wynter, L. (2011).Real-time road traffic predictionbwith spatio-
temporal correlations.

[19] Tsirigotis, L., Vlahogianni, E. I. and Karlaftis, M. G. (2012).Does information
on weather affect the performence of short-term traffic forcasting models.

[20] thomas Singliair(2005).Machine learning solutions for transportation network.

[21] Mohamed S. Ahmed(1979).Analysis of Freeway Traffic Time-Series Data by
Using Box-Jenkins Technique.

[22] Minal Deshpand and Preeti Bajaj (2017).Performance Improvement of Traffic
Flow Prediction Model using Combination of Support Vector Machine and
Rough Set.

[23] Wu Yuankai and Tan Huachun Short-term traffic flow forcasting with spacial-
temporal correlation in hybrid deep learning framework.

[24] Wenhao Huang (0p=2014).Deep Architecture for Traffic Flow Prediction:
Deep Belief Networks With Multitask Learning.

[25] Xingyuan Dai, Rui Fu, Yilun Lin, Fei-Yue Wang (2017).DeepTrend : Adeep
Hierarchical Neural Network For traffic Flow Prediction.

[26] Yuchi Zhang and Zhixiang Hou(2018).Short Term Traffic Flow Prediction
Based on Improved Support Vector Machine.

[27] Yisheng Lv et al (2014).Traffic Flow Prediction With Big Data :Deep Learning
Approch.

[28] Yongxue Tian et Li Pan(2015).Predicting Short-Term Traffic Flow by Long
Short-Term Memory Recurrent Neural Network.

[29] Zaiyue Zhang and Cungen Cao(2011).Road Traffic Freight Volume Forecast
Using Support Vector Machine Combining Forecasting.

[30] Zhang Y and Haghani A (2014).A hybrid short-term traffic flow forcasting
method based on spectral analysis and statistical volatility model.

9

420


	Human-Machine Interaction based on Eye Command: Algorithm to detect the movement of the eyes and recognize the command, Benkerzaz Saliha
	Theoretical Model of Traffic Signal Timing Optimisation Improved On ant colony Optimisation and Symbiotic Organism Search, Kouidri Chaima [et al.]
	Machine Learning Based Indoor Localization using WiFi and Smartphone in a Shopping Malls, Kamel Maaloul
	Offline Arabic Handwriting Recognition Using a Deep Neural Approach, Benbakreti Samir [et al.]
	Applying Artificial intelligence techniques for predicting amount of CO2 emissions from calcined cement raw materials, Yakoub Boukhari
	Local Directional Strength Pattern for effective Offline Handwritten Signature Verification, Arab Naouel [et al.]
	Ball bearing monitoring using decision-tree and adaptative nero-fuzzy inference system, Euldji Riadh [et al.]
	Artificial intelligent in upstream oil and gas industry: a review of applications, challenges and perspectives, Kenioua Abdelhamid [et al.]
	A Comparative Study Of Road Traffic Forecasting Models, Redouane Benabdallah Benarmas
	Road Segments Traffic Dependencies Study Using Cross-Correlation, Redouane Benabdallah Benarmas
	On the use of the convolutional autoencoder for Arabic writer identification using handwritten text fragments, Briber Amina [et al.]
	Automation of the reading and interpretation of the ODTR plot, Mazouzi Amine
	Security issues in self-organized ad-hoc networks (MANET, VANET, and FANET): A survey, Goumiri Sihem [et al.]
	A Comprehensive Study of Multicast Routing Protocols in the Internet of Things, Lakhlef Issam [et al.]
	Auto-Scaling,Efficient and Cost Effective Architecture in Apache Hadoop, Nemouchi Warda [et al.]
	Comparing NoSQL Databases with YCSB Standard Benchmark, Ben Seghier Nadia [et al.]
	GA-based approaches for Optimization energy and coverage in wireless sensor network: State of the art, Benhaya Khalil [et al.]
	A Smart Home Management based on M2M/IoT Technologies, Djehaiche Rania [et al.]
	The Internet of Things Security Challenges: Survey, Inès Beggar [et al.]
	Hybrid Approach to WebRTC Videoconferencing on Mobile Devices, Diallo Bakary [et al.]
	Modeling and Simulation of Urban Mobility in a Smart City, Saheb Faiza
	OAIDS: An Ontology-Based Framework for Building an Intelligent Urban Road Traffic Automatic Incident Detection System, Hireche Samia [et al.]
	A Study of Wireless Sensor Networks Based Adaptive Traffic Lights Control, Benzid Sofiane [et al.]
	Forwarding Strategies in NDN-based IoT Networks: A Comprehensive Study, Adel Djama [et al.]
	Dilated Convolutions based 3D U-net for Multi-Modal Brain Image Segmentation., Kemassi Ouissam [et al.]
	Interpretation of breast tumors classification using convolutional neural network visualization, Nedjar Imane [et al.]
	Image restoration using proximal-splitting methods, Diffellah Nacira [et al.]
	New Method for Image Encryption Using GOST and Chaotic Tent Map, Yahi Amina [et al.]
	Segmentation of the Breast Masses in Mammograms Using Active Contour for Medical Practice: AR based surgery, Guerroudji Mohamed Amine [et al.]
	A hybrid LBP-HOG model and naive Bayes classifier for knee osteoarthritis detection: data from the osteoarthritis initiative, Messaoudene Khadidja [et al.]
	RONI-based Medical Image Watermarking using DWT and LSB Algorithm, Benyoucef Aicha [et al.]
	A CNN approach for the identification of dorsal veins of the hand, Bendouda Abdelkrim [et al.]
	Deep learning for seismic data semantic segmentation, Med Anouar Naoui [et al.]
	Feature Fusion for Kinship Verification based on Face Image Analysis, Nemmour Hnemmour [et al.]
	Image processing: Image compression using compressed sensing, discrete cosine transform and wavelet transform., Bekki Amane [et al.]
	An external archive guided NSGA-II algorithm for Multi-Depot Green Vehicle Routing Problem, Hemici Meriem [et al.]
	New Approach for Multi-Valued Mathematical Morphology Computation, L'haddad Samir [et al.]
	Data-Intensive Scientific Workflow Scheduling Based on Genetic Algorithm in Cloud Computing, Siham Kouidri [et al.]
	Using a Direct Multiple Shooting Method to an Optimal control problem, Louadj Kahina [et al.]
	Intelligent Visual Robot Navigator via Type-2 Takagi-Sugeno Fuzzy Logic Controller and Horn-Schunck Estimator, Mohamed Nadour [et al.]
	Multi-Robot Visual Navigation Structure based on Lukas-Kanade Algorithm, Abdelfattah Elasri [et al.]
	Trajectory Tracking of a Reconfigurable Multirotor Using Optimal Robust Sliding Mode Controller, Derrouaoui Saddam [et al.]
	Passive fault tolerant control of a new reconfigurable quadrotor, Salmi Abdenour [et al.]
	Real-time speed control of a mobile robot using PID controller., Mohandsaidi Sabrina [et al.]
	Penguins Search Optimization Algorithm (PeSOA) for chaotic synchronization system, Maamri Fouzia [et al.]
	Increasing the performance of mobile networks by planning and dimensioning, Ayad Mouloud [et al.]
	A NOVEL METHODOLOGY FOR GEOVISUALIZING EPIDEMIOLOGICAL DATA, Fatiha Guerroudji
	(Multi-agents Communities Based Routing Algorithm): A routing protocol proposition for UAVs network, Boutalbi Mohammed Chaker [et al.]
	Author Index

