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Abstract

The Markov switching model also can be called as the regime switching model, is one of the most popular
nonlinear time series models in the literature.  This model involves multiple patterns (equations) that can
characterize the time series behaviors in different regimes. By permitting switching between these structures,
this model is able to capture more complex dynamic patterns. In this paper Markov Switching model has been
applied to forecast short-term traffic flow. In recent days, road traffic management and congestion control have
become major problems in any busy junction in Hyderabad city. Hence short term traffic flow forecasting has
gained greater importance in Intelligent Transport System (ITS). This study uses real time traffic data at DGP
office lane, Hyderabad, Telangana state, India. The traffic data has been considered for peak hours in the
morning for 8A.M to 12 Noon, for 5 days. The proposed model has been compared with popular Time series
models and Artificial Neural Networks and it has been observed that the Markov switching model performs
better than these models.

Keywords

Road Traffic, Regime, Switching, Time series models, Artificial Neural Network, Forecasting, Auto Regressive.

I Introduction

ARIMA models are the leading tools for time series forecasting. These linear Time series models became
successful in various applications but they fail to analyze many non linear dynamic structures. Most of the time
series associated with events like traffic flow exhibit dramatic jumps in their behavior. For these types of data it
would not be enough to fit single linear model to analyze these distinct behaviors.

Recent days many non linear time series models have been developed. But Non linear time series models cannot
be considered as a complete solution, they also have some limitations. Artificial Neural Networks (ANN) have
overcome few of those limitations by its ‘universal approximation’ property which allows it to describe any non-
linear structure in data. But this model suffers from the identification problem and so not good all the time.

Generally Traffic flow data will have several patterns, increasing pattern, decreasing pattern, high traffic, low
traffic etc., therefore it is sensible to develop a separate model for each pattern. Markov Switching model is a
powerful tool that updates itself using a change in their scheme, whenever sudden jumps occur in time series data
[IX]. Switching model describe the changing pattern very well. This model provides a superior statistical fit to
the time series data than the other approaches [VI].

In this paper we propose to develop Markov Switching Auto Regressive model for forecasting the short term
traffic flow at a busy junction for peak hours in the morning from 8AM to 12Noon and also the results of the
model are to be compa red with those of ARIMA and ANN.

II Methodology

Markov Switching model

The Markov Switching model was given by Hamilton in the year 1989 that can also be called as Regime
switching model. This model is widely used non linear time series model. It includes multiple equations to
describe the time series behaviors in different patterns. This model allows switching between the patterns to
capture more complex dynamic structures. An important characteristic of the Markov switching model is that the
mechanism is controlled by a hidden state variable that follows a first order Markov chain [VII ],[XII] .

 

In particular, the Markov property supervises that the present value of the state variable depends on its
immediate previous value. Accordingly a structure may exist for a random time period and it will automatically
be occupied by another structure. The time interval of changes between states is also random. It allows the
parameters to differ over the hidden states. But we cannot surely know that in which state the process is, instead
the probabilities of being in each state can be estimated. For a Markov process, the transition probabilities are of
greater interest [XI ],[XIV] .

 

In a process with two states , p 11 indica tes the probability  that the process is  in state 1 in the next period given
that the process is in state 1 in the present period. Same way  p 22 is  the probability of staying in state 2 in the
next period given that the process is in state 2 . Probability values near  to 1 denote a more persistent process,
which means the process  is expected to stay in a given state for a long time.

 

Developing Markov-switching models begins by estimating the probabilities of the unobserved state and
updating the likelihood at each period. A simple Markov Switching Auto Regression (MSAR) model is given
by

 

yt=μst+∅styt-1- μst-1+ϵst

 

where  yt is the time series value at time t,

 

μst is the state dependent intercept,

 

∅st is the AR term in state s t

ϵst is an independent and identically distributed ( i . i . d.) N( 0, σ2 )

 

s t follows a first order Markov chain with the following transition matrix:
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P = P(st = 0 /st-1 = 0)P(st = 1 /st-1 = 0)P(st = 0 /st-1 = 1)P(st = 1 /st-1 = 1)

 

 

= p00p01p10p11

 

where pij (i; j = 0; 1) denote the transition probabilities of  st=j given that  st-1=i Clearly, the transition
probabilities satisfy  pi0+pi1 = 1.

 

The transition matrix governs the random behavior of the state variable, and it contains only two parameters
(p00 and  p11 ).

ARIMA(Auto Regressive Integrated Moving Average) Modeling

The ARIMA model introduced by Box and Jenkins (1976) consists of Autoregressive as well as Moving
Average parameters and clearly includes differencing in the formulation of the model. Categorically, the three
types of parameters in the model are: the autoregressive parameters (p), the number of differencing passes (d),
and moving average parameter (q). As per the notation given by Box and Jenkins, models can be written as
ARIMA (p, d, q) [I],[III],[V].

The principal step in the process of modeling is to check for the stationary of the time series data. This is
done by observing the graph of data or Autocorrelation and the Partial Autocorrelation functions. Another way
of checking stationarity is to fit the first order AR model to the raw data and test whether the coefficients Ø is
less than one [IV],[X] .

The next step is to identify an appropriate sub-class of the general ARIMA model.

∅B∇d zt =θBat

which may be used to represent a given time series.

Then p parameters of Autoregressive Ø 1 , Ø 2 , - - - ,  ∅p and then q parameters of Moving Average θ 1 , θ 2 , -
- -  θq have to be estimated by using Least Squares (LS) or Maximum Likelihood (ML) methods.

Artificial Neural Network Method

Neural networks (NN) have broad applicability to real world. Since, neural networks are be st for identifying
patterns or trends in data, they are well suited for prediction or forecasting needs.  Multilayer perceptron( MLP)
is most widely used network structure of Artificial Neural Network (ANN) [II] . Multilayer perceptron( MLP) is
able to solve non linearly separable problems, a number of neurons connected in layers to build a Multilayer
perceptron. Each of the perceptrons is used to identify small linearly separable sections of the inputs.  Outputs
of the perceptrons are combined into another perceptron to produce the final output.  The architecture of the
MultiLayer Perceptron includes the neurons are arranged into an input layer an output layer and one or more
hidden layers [VIII],[XIII] .

FIGURE1. Picture of MultiLayer Perceptron network.

MultiLayer Perceptron uses the “back propagation rule” which calculates an error function for each input and
back propagates the error from one layer to the previous one. The weights for a particular node are adjusted
indirect proportion to the error in the units to which it is connected. An activation function is applied to the
weighted sum of the inputs of a neuron to produce the output. In this study we used sigmoid function as
activation function. A Sigmoid function is defined as  11+e-x

The MLP learning algorithm using the back propagation rule includes initializing weights ( to small random
values ) and transfer function and then adjust weights by starting from output layer and working backwards.  The
weight function considered in this paper is

Wij t+1= Wijt+ηδpj Opj

where  Wijt represents the weights from node i to node j at time t ,  η is a gain term and  δpj is an error term for
pattern p on node j (where the sum is over the k nodes in the following layer)

For output layer units:

δpj =kOpj1-Opj (tpj-Opj)

For hidden layer units:

δpj =kOpj1-Opj ΣδpkWjk .

A unit in the output layer determines its activity by following a 2- step procedure.

Step1: It computes the total weighted input  Xj using the formula  Xj = iyi Wij Where  yi is the  activity level of
the j th unit in the previous layer.

Step2: Calculate the activity  yj using sigmoid function of the total weighted input once the activities of all
output units have been determined, the network computes the error E

yj = 11+e-xj

E=12 Σyi –di 2

where  yi is the activity level of the  j th unit in the top layer and dj is the desired output of the  j th unit.

III Data collection and Processing

The  data was taken from the office of Commissionarate , traffic ,Hyderabad . The data set used in this
study was collected from DGP office lane, Hyderabad, Telangana state, India. Data was collected during
8:00 am to 12:00 noon from 08-02-2019 to 12-02-2019. The data was given in the form of video captured
by cc TV cameras fixed at the junction. Volume of each category was obtained by counting the vehicles
manually. Data extraction was done in the intervals of 5 minutes for 4 directions. The data consists of
number of vehicles passing in the junction in all directions. The vehicles has been divided into 3
categories;  1.Two wheeler vehicles (Bike, Scooter, etc..) , 2. Three and Four wheeler vehicles (Car, Auto,



Jeep, Mini truck etc..) 3. Heavy vehicles ( Bus, lorry, Truck, Tractor etc..).

IV Analysis

The Markov Switching Auto Regressive Model parameters have been estimated as below

 

 

Table 1: Parameters estimates of the Markov Switching Model

Category Model Estimates of the parameters RMSE

Two wheelers AR (1) with 2 states

ϕ1=0.4564;s1=201.6045;

s2=366.8295; p11=0.9267;
p21=0.0271.

44.6980

Three/Four Wheelers AR (1) with 2 states

ϕ1=0.4149;s1 = 249.2776;

s2= 379.9288;

p11=0.9519; p21=0.0357.

 

46.9339

Heavy vehicles AR (1) with 2 states

ϕ1= 0.4829; s1 = 40.2402;

s2= 51.0556; p11=0.7541;
p21=0.5501

 

5.4496

Total AR (1) with 2 states

ϕ1= 0.7796;

s1 = 323.04;s2= 712.3896;
p11=0.7982; p21=0.0179

 

76.18

 

ARIMA models’ parameters have been estimated as in the following table

 

 

 

 

 

 

Table 2: Parameter estimates of ARIMA models

Category Model Estimates of the
parameters RMSE

Two wheelers ARIMA(1,1,1) ϕ = -0. 3869

 
56.1423

Three/Four
Wheelers ARIMA(2,1,1)

ϕ1= -0.5126;

ϕ2 = -0.3399

θ1= 0.0614

 

57.6164

Heavy vehicles ARIMA(1,0,0) ϕ= 0.4829; 7.79

Total ARIMA(1,1,0) ϕ= 0.7796; 101.749

Various ANN models were fitted and identified the best architecture which has given the minimum error value

Table 3: Neural Network model

Category
Model

(IPl, Hl, OPl)
RMSE

Two wheelers (1,1,1) 54.6513



Three/Four
Wheelers (1,2,1) 57.6128

Heavy vehicles (1,1,1) 7.7073

Total (1,1,1) 98.1334

IPl: no. of input layers, OPl: no. of output layers, Hl: no. of neurons in the Hidden layer)

 

Table 4: RMSE values of all the models

Category MSW ARIMA ANN

Two wheelers 44.6980 56.1423 54.6513

Three/Four
Wheelers 46.9339 57.6164 57.6128

Heavy vehicles 5.4496 7.79 7.7073

Total 76.18 101.749 98.1334

 

Generally the model which gives the minimum RMSE (root mean square error) can be treated as best model,
from the above table it can be observed that the Markov Switching model is giving minimum RMSE value for
all the categories of the vehicles, therefore Markov Switching model is the best model for forecasting the Short
term Traffic flow at the junction.

Figure 1: Plot of actual and predicted values of two wheeler vehicles by MSW model

Figure 2: Plot of actual and predicted values of three/four wheeler vehicles by MSW model

Figure 3: Plot of actual and predicted values of Heavy vehicles by MSW model

Figure 4: Plot of actual and predicted values of total vehicles by MSW model

 

V. Conclusion

We proposed a Markov switching model for forecasting of Short Term Road Traffic flow in a busy junction
(DGP Office lane) and investigated the forecasting competency of the Markov Switching model. This study
concludes that the Markov Switching model performs better than the ARIMA and Artificial Neural Networks
for forecasting short term traffic flow. Therefore Markov Switching model can be used as a solution for
forecasting needs of a short term traffic flow at any busy junction.
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