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Abstract.The purpose of this study is to explore the application of passenger
volume prediction model based on Autoregressive Moving Average Model
(ARIMA) and exponential smoothing method in the transportation field. First,
the parameters and trends required in the model were identified by analysing the
historical passenger traffic data. Secondly, The ARIMA model is used to capture
the autocorrelation and moving average properties in time series data to improve
the accuracy of forecasting. At the same time, combined with the exponential
smoothing method, the change trend of the data was effectively fitted and pre-
dicted. The results show that the passenger traffic prediction model based on
ARIMA and exponential smoothing method shows good prediction effect in
practical application, which can provide accurate passenger traffic prediction in-
formation for traffic management departments and provide a scientific basis for
transportation planning and resource allocation.
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1 Introduction

With the rapid development of China's economy, the urban population and vehicle flow
continue to grow, but the construction of transportation infrastructure lags behind the
growth of demand. Traffic congestion not only affects the quality of life of residents,
but also leads to frequent traffic accidents, posing a threat to life and property [1]. The
key to solving urban mobility problems lies in optimizing road facilities and imple-
menting intelligent transportation systems [2]. Through the integration of advanced in-
formation technology, the intelligent management of traffic roads is realized, traffic
accidents are reduced, and the safety and convenience of urban traffic are improved.
However, the planning and decision-making of transportation projects need to rely on
accurate passenger traffic forecasts to reduce resource waste and improve social bene-
fits. Therefore, it is of far-reaching significance to study the passenger traffic forecast-
ing method and improve the prediction accuracy to ensure the effective utilization of
road traffic facilities and the development of the national economy.
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2 Forecast and Analysis of Different Countries’ Traffic
Passenger Traffic

2.1  Forecast and Analysis of Domestic Traffic Passenger Traffic

In China, some studies have predicted China's passenger traffic by establishing a step-
wise linear regression model and a multiple linear regression model based on correla-
tion analysis, and analyzed the prediction accuracy of the two models. It is found that
the multiple linear regression model based on correlation analysis has higher accuracy
than the stepwise linear regression model. In addition, some studies have taken Wuhan
as an example to study the demand for public transport passenger flow, urban spatial
layout, and road traffic conditions, and draw on the successful experience of BRT de-
velopment models at home and abroad to determine the public transport development
model that Chengdu should choose [3].

2.2 Forecast and Analysis of Foreign Traffic Passenger Traffic

In foreign countries, the research on the prediction of traffic is also progressing. Re-
searchers often use more sophisticated mathematical models and advanced forecasting
techniques, such as machine learning and artificial intelligence algorithms, to improve
the accuracy and reliability of predictions. These models are able to better capture the
dynamic nature and complexity of the transportation system.

3 Application of Autoregressive Moving Average Model and
Exponential Smoothing

3.1  Application of the ARIMA Model

The ARIMA model can be divided into autoregressive (autoregressive, AR) model,
moving average (moving average, MA) model and ARIMA (p, d, q). AR models with
lagged terms of the p-order are denoted as AR(p), the AR(p) model is shown in equation
(1) below:

Xe=ctax g tayx,teapx_, g (1)

Thereinto, ¢ is a constant, a;, a,,... a, is the autoregressive coefficient of the

AR(p) model; &, is a white noise sequence, i.e., a random error term; X, is the value
of time series at time t, i.€., X;_1, X;_2,... X;—p 1S a lagged series of time series x.,

i.e., an independent variable of the data. The MA model with a lag term of order q is
denoted as MA (q), and the MA (q) model is shown in equation (2) as follows.

Xe=C+é& —big g —byey ——DbyEg (2)

Thereinto, ¢ is a constant, by, b,,..., b, is the autoregressive coefficient of the
MA (q) model; &,is a white noise sequence, i.e., the random error term; x, is the value
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of time series t time, which is the dependent variable of the data.

The AR model can depict a time series' memory of the past itself, and the MA model
can depict a time series' memory of the impact of the past. If the change law of a time
series includes not only the memory of the past state, but also the memory of the past
shock, then the change law of the time series can be captured by the ARMA model, and
the lag terms are (p, q) of the ARMA model. The ARMA model is shown in the fol-
lowing equation (3):

Xe = U Xp_q + QX p + o QpXep + &+ & — bigr_q —bygr gy — o — bqet_q
E(e) = 0, Var(e,) = of,
E(e,gs) = 0,5 #t,
E(e,g) =0,Vs < t. 3)

Thereinto,x, is the sample sequence value at time t; &, is a white noise sequence
that obeys the Gaussian distribution;a;, a,,... ayis the autoregressive coefficient,by,
b,,..., bgis the moving average coefficient, and the others are the constraints of the
model. In the ARIMA model, if q is 0, the ARIMA (p, 0) of the model degenerates into
AR(p). If p is 0, then the model ARIMA (p, q) degenerates into MA (q). If a time series
is non-stationary, it cannot be fitted directly with the ARMA model (prone to pseudo-
regression), and the time series must be stationary. The difference method is the most
commonly used method for stationary time series, and if a non-stationary time series is
stationary after d differences, the ARMA (p, d, q) model constructed based on this time
series is called the ARMA (p, d, q) mode [4].

The advantages of the ARIMA model in traffic forecasting are mainly reflected in
its ability to effectively capture time series data, including autocorrelation and moving
average properties. By considering the observations and error terms of the past moment,
the ARIMA model can establish the relationship between the current moment passenger
traffic and the past moment passenger traffic, so as to more accurately reflect the chang-
ing trend of passenger traffic. In addition, the ARIMA model is suitable for non-sta-
tionary time series data, and transforms non-stationary time series into stationary time
series through differential operation, and then establishes a prediction model, which is
suitable for different types of passenger volume data.

3.2 Application of Exponential Smoothing

The 15-day passenger flow data of Chongqing subway station was analyzed, and the
exponential smoothing method was selected to predict the passenger flow.
Calculation of one-time exponential smoothing:

S = ay, + (1 — a)S, @)

In the equation: SED —The tprimary exponential smoothing value of the first period;
y+—The actual value of the first periodt; a—Smoothing factor, valid values: [0,1].
Prediction model by primary exponential smoothing:
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Yerr = aye + (1 — )9, Q)

In the equation: §,—Exponential smoothing prediction value for the t cycle.

If the actual data series has a clear linear growth tendency, it is not advisable to use
the one-time exponential smoothing method, because the lag bias will make the predic-
tion value low. In this case, quadratic exponential smoothing is usually used to establish
a prediction model, that is, an exponential smoothing is performed on a series of expo-
nential smoothing values. Quadratic exponential smoothing calculation:

s = ast + (1 - s, (6)

In the equation: SEZ) —The second exponential smoothing value of the t cycle

The primary and quadratic exponential smoothing of time series is conducive to
showing the long-term trend of the series, so the quadratic exponential smoothing
method is more suitable for time series with linear trend, and its linear trend prediction
model is as follows:

Yeer =a+ b T 7

In the equation: T—The number of points in time predicted forward from period t;
a;, b—Pending coefficient, Calculation formula:

a, =28 + 5@ (8)
be = == (s{V - s) ©)

When the research data does not have an obvious linear trend, the cubic exponential
smoothing method can be selected, and the cubic exponential smoothing method is suit-
able for time series of nonlinear trends (e.g., parabola).

Cubic exponential smoothing calculation:

s =as® + (1 - s, (10)
The cubic exponential smoothing prediction model is:
Veor =+ b - T+c, - T? (11)

The equation for calculating the pending coefficient a;, b;, c;:

a, =35 —35@ 4 s (12)

b, = 2(1fa)2 [(6 —5a)S™ = 2(5 — 42)S® + (4 — 32)S® (13)
2

e = 5z (5 = 257 +59) (14)

Within the data range, the 15-day subway passenger volume in Chongqing has a
large change range and no linear trend, so it is advisable to choose a large a value for
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cubic exponential smoothing, which can be taken between 0.5~0.8 to make the predic-
tion model more sensitive [5]. The Table 1 data will be mapped exponentially by the

smoothing coefficient & =0.8 below.

Table 1. Chongqing Metro Passenger Flow Forecast Map.

Quadratic Cubic

Passenger A smoothing . . Predicted
Date smoothing smoothing
volume value value
value value

2024/3/26 413.40 412.2 411.352 411.0316
2024/3/27 403.60 408.76 410.3152 410.745 415.0788
2024/3/28 419.60 413.096 411.4275 411.018 403.042
2024/3/29 472.20 436.7376 421.5516 4152314 419.374
2024/3/30 411.20 426.5226 423.54 418.5548 486.6753
2024/3/31 379.80 407.8335 417.2574 418.0359 425931
2024/4/1 424.40 414.4601 416.1385 417.2769 368.1122
2024/4/2 409.70 412.5561 414.7055 416.2484 410.163
2024/4/3 497.30 446.4536 427.4048 420.7109 407.2886
2024/4/4 403.20 429.1522 428.1037 423.668 512.5213
2024/4/5 442.00 4342913 430.5788 426.4323 421.4906
2024/4/6 399.50 420.3748 426.4972 426.4583 439.2736
2024/4/7 397.10 411.0649 420.3243 424.0047 393.0561
2024/4/8 410.80 410.9589 416.5781 421.034 380.1354
2024/4/9 405.50 408.7754 413.457 418.0032 398.3623
2024/4/10 400.5964
2024/4/11 397.1743

The following Figure 1 can more clearly demonstrate the flexible response of pre-
dicted values to actual values.
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Fig. 1. Line chart of actual and predicted values.

The effectiveness of exponential smoothing in traffic flow forecasting depends on a
number of factors, including the nature of the data, the time frame of the prediction,
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and the smoothing parameters used. In some cases, exponential smoothing can be ef-
fective in predicting traffic flow, especially when the data does not fluctuate much and
the trend is stable. However, when faced with a large random fluctuation data series,
the prediction results of the exponential smoothing method may not be ideal, the pre-
diction accuracy is not high, and the error is large.

4 Complementarity Analysis of ARIMA and Exponential
Smoothing

In actual forecasting activities, the information provided by different single forecasting
methods often has different emphasis, and due to the existence of various random fac-
tors, it is difficult for these methods to make completely accurate predictions. The trend
of the data series is affected by multiple factors, and the existence of randomness makes
the data show irregular fluctuations. As a result, simply discarding a method that is less
effective in forecasting can lead to the loss of useful information. Therefore, it is not
scientific to judge the effectiveness of the prediction method only based on the quality
of the prediction results. In contrast, the combinatorial forecasting method can give full
play to the role of various data sample information, and comprehensively consider the
information points provided by each single prediction method by reasonably assigning
weights, so as to make predictions more comprehensively and systematically. This ap-
proach is more resistant to the interference of random factors than a single predictive
model.

In practice, the exponential smoothing method and the ARIMA model can be com-
bined to improve the accuracy and flexibility of forecasting by the following two meth-
ods:

4.1 Cascade Model

When building cascading models, the exponential smoothing method and the ARIMA
model can be combined to take advantage of their respective advantages. The exponen-
tial smoothing method can be used to capture the main trends and seasonality of the
time series, and then the resulting residual series can be used as input to the ARIMA
model to capture the remaining autocorrelation and moving average characteristics.
Such a combination can help improve the accuracy and stability of forecasts.

4.2  Model Weighted Combinations

The exponential smoothing method and the ARIMA model can improve the prediction
accuracy through the weighted combination of the model. The basic steps of the method
include independent modeling, determining weights, weighted combinations, adjusting
and evaluating, and validating. Combining the advantages of the two models, the pre-
diction performance can be optimized, but the selection of appropriate combination
strategies and weighting methods needs to consider specific problems and data charac-
teristics, and the ultimate goal is to optimize the accuracy and stability of time series
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forecasting [6]. The exponential smoothing method is suitable for short-term trends and
seasonality, while ARIMA is suitable for long-term trends and cyclicals. The model-
weighted combination method can integrate the two, and the effect depends on histori-
cal performance and market conditions, and the weights need to be determined through
backtesting and other methods to improve accuracy.

5 Conclusion

Based on the application of the passenger traffic forecasting model based on the
ARIMA model and the exponential smoothing method, it is concluded that the ARIMA
model can effectively capture the autocorrelation and moving average properties in the
passenger traffic time series data, thereby improving the accuracy of passenger volume
forecasting, which can effectively predict the trend of future passenger traffic. At the
same time, the exponential smoothing method can provide a supplement to the predic-
tion model. Combined with the ARIMA model and the exponential smoothing method,
the characteristics of passenger traffic data can be considered more comprehensively,
and the accuracy and stability of prediction can be improved. In this study, the effective
combination of ARIMA model and exponential smoothing method is proposed to make
full use of the advantages of two different forecasting strategies and improve the accu-
racy of forecasting. At the same time, we also found that the combined research method
has certain limitations and room for improvement, such as the treatment of nonlinear
and non-stationary data. Therefore, the application of combination with other forecast-
ing methods, such as machine learning and deep learning techniques, can be further
explored to further improve the effectiveness and application scope of passenger traffic
forecasting models. In general, the passenger traffic prediction model based on ARIMA
and exponential smoothing method has a wide application prospect and significance in
the field of transportation, and will provide strong support and guidance for future trans-
portation planning and management.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
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source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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