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Abstract  

Uncertain and instable passenger flow in Urban Metro Transit is a growing concern in 

the recent rail transport system. It is vital to forecast the passenger flow, in-order to provide a 

reliable daily operation and management. Short-term forecasting has become the most 

important component for an efficient rail management system. Existing literatures on passenger 

flow forecasting is based on Extreme Kernel approach that learns and forecasts signals with 

different frequencies. These approaches are not able to train and remember over a long time due 

to issues of backpropagated error. By addressing this problem, holt-winters forecasting 

algorithm is used. Experimental discussion shows that the holt algorithm provides better 

efficiency based on metrics including accuracy and F-measure. 
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1   Introduction 

Developing cities metro electric rail transport is one of the most important part of the 

urban infrastructure. It is the most commonly used transportation in metro cities [1]. It helps in 

reducing air pollution as most of these transport systems uses environment friendly fuel sources 

and also reduces traffic congestion. It is important to predict the passenger flow correctly to 

avoid the wastage of resources. And, in addition this data can be used by the commuters to 

precisely schedule their travel on time. Further, improving the operations of existing rail system 

can reduce the energy consumption and CO2 emission. The energy consumption can be reduced 

by efficiently planning the number of trips scheduled, lighting, and ventilation. The travel 

forecast in metropolitan area is modeled and studied [2]. The inference of this work presented 

the total travel demand of a particular region.  

The metro transportation system of the several cities in India is doing well and is also 

placing more and more resources in the sector for passenger’s safety and comfort. This 

transportation system is also using resources uniformly resulting in using more number of 

resources in places required less resources. This results in the overflow of resources and 

manpower in places not necessary. The timing of the trains in the metro transport services are 

not according to the passenger crowd. This results in running the trains with less number of 

passengers in each route which often results in loss of operational costs which is not profitable 

or barely covers the operational costs. And other key issues is the availability according to the 

timing results in different routes are more frequent in less rush periods which results in exactly 

in the same situation as addressed above.  

 The less investment in research and development means sticking with the older 

equipment for an extended period of time. The older equipment is not compatible with the 

modern needs of the passengers. The emission of the pollution from the older vehicles is higher 
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than that of the modern vehicles this results in the emission of gases that contains more or 

higher carbon levels. This is quite common problem in the developing nations. This problem 

can be achieved through modern technology usage. There are number of useful ways that costs 

less and arrange this system to gain more profits through the usage of technology in the service 

sector.  

There are a variety of methods used for forecasting the passenger flow in a rail transit 

system namely neural network models like Support Vector Machine (SVM), Convolution 

Neural Network (CNN), graphical CNN, Recurrent Neural Networks (RNN) and hybrid 

models, time series models, frequency based models, elasticity based models [3]. 

 The recent existing method is a hybrid model which includes the combination of 

wavelet transform and machine learning. The idea behind this model is classifying the 

passenger flow datasets into lower and higher level sequences and then learn and forecast 

different frequencies using machine learning method. Finally, different prediction sequences 

are reconstructed using wavelet transform. Due to the back propagation error, they are unable 

to train and memorize data over a long time.  To address this issue, Holt-Winters forecasting 

model is proposed. The inputs of the model are abnormal features, which consist of the recent 

time-series data. 

Section II elaborately describes about the related work. Section III elates on the 

proposed methodology of forecasting the passenger flow. Section IV discusses on the 

performance analysis and discussion. Section V discusses the conclusion of the work and briefs 

on the future enhancements. 

2   Related Work 

 This section briefly shows the related literatures on the prediction of passenger flow 

in rail transport system. As per the directions of the metro train systems the resources like fuel 

are managed and distance travelled the fuel is refilled through gas stations [4].This notes and 

referred how to save the resource and the searching of the nearby stations and gas refilling 

stations [5]. Those are used to maintain the traffic flow prediction [6].The improvements done 

through the traffic networks through volume of traffic. The routes should be used to compare 

the destinations and the passenger data sets [7]. 

The traffic flow prediction can be achieved through seasonal ARIMA process. This model 

requires the limited input data through data sets [8]. The traffic flow on the rails can also be 

predicted by combining Kohonen map with ARIMA. Through this model requires time series 

models to forecast the traffic flow and get to the destinations through minimum time delays [9].  

The resources also should be utilized through different processes and the requirements through 

modeling the outcome of the resources shared on the efficiency of supply chain [10].  

A hybrid optimization of computation of intelligence techniques for highway passenger flow 

or concentration prediction is conducted and recorded as the data [11]. The neural network 

based on radial basis function is used for freeway traffic volume forecasting [12]. The traffic 

flow is also studied in [13-17]. 

3   Proposed Methodology 

The methodology that is used in the prediction is based on Holt-Winters time-series 

forecasting model and SARIMA. The extreme machine learning used to study the relevant data 

sets which are used to make prediction of the future of the data.  

 The statistical representation is done through many graph structures which will be 

shown in the figures. The immediate requirement is to out write a code that will analyze the 

data and implement the prediction required. The main way of the representation is to through 

short long term memory. The basic idea is to analyze the weekly data and in special days 

through long term memory. That means we are not only using regular day schedules but also 

using the data which is recorded in the previous events. 



 
Fig. 1 Proposed system architecture 

 

3.1 Holt-Winters Forecasting Model: 
 Holt-Winters forecasting model is a time series approach that helps to predict the 

behavior over time. Holt-Winters is one of the models of time-series behavior. This model 

consists of three features namely, average, slope and seasonality. This model works based on 

the computation of central value and further addition of the slope and seasonality 

 

 3.2 Seasonal Autoregressive Integrated Moving Average (SARIMA): 
The SARIMA model process requires three new seasonal parameters which are hyper 

active, these parameters are stated as auto-regression, differencing and average. There is an 

additional parameter included and is called as period of seasonality.  SARIMA is used in 

python using three steps: 

 1. Define the model 

 2. Fit the defined model 

 3. Make the prediction with the fit model 

The following topics will be covered while executing this process: 

 1. Stationarity (Differencing and Augmented Dickey-Fuller Test) 

 2. ACF and PACF Plots 

 3. Grid search and Akaike Information criterion (AIC) 

 4. Walk Forward Validation 

 5. Mean Absolute Percentage Error (MAPE) 

 6. Exogenous Variable 

The above mentioned processes the SARIMA will be processed step by step until the each 

step thar are mentioned above are responsible for the end result. The effectiveness of the 

SARIMA will be measured using mean absolute percentage error. These results are plotted on a 

graph to compare the results got out if the process that is accurate enough to go through the 

next procedures that is present in the prediction sector.  

4. Experimental Discussion 

This section shows the experimental results obtained in the implementation of the 

forecasting algorithm. To implement this approach, the dataset of traffic flow is taken from the 

Kaggle dataset. Fig.2 shows the statistical figure that represents the number of passengers 

getting in and out of the train at the destinations of the entire year. It clearly shows the usage of 

the railway passengers over a period of time. 

 

 



 

Fig. 2 Month vs passenger count 

 

 
Fig.3  Graphical representation of the datasets with a linear base line using holt algorithm. 

The data is analyzed with the time series holt algorithm. Fig. 3 shows the graphical 

representation of the data distribution. Fig. 4 shows the results obtained after presdiction using 

the rolling mean and standard deviation. The auto correlation and partial auto correlation is 

shown in fig.6. 



 
Fig.5 The prediction results of rolling mean and standard deviation. 

 

 
Fig.6 Representation of ACF and PACF. 

 

6   Conclusion 
 Urban rail transport system is important in the construction of Urban Transport 

Infrastructure as rail transport is the most preferred method of transport in short distances.  It is 

important to predict the passenger flow correctly because in some days passenger flow is very 

low like during festivals or public holidays. In this paper, a time series based algorithm on 

forecasting is suggested. The experimental results show that a better forecasting can be done 

prior to the travel. 
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