
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

The 5th Annual Applied Science and Engineering Conference (AASEC 2020)
IOP Conf. Series: Materials Science and Engineering 1098  (2021) 032053

IOP Publishing
doi:10.1088/1757-899X/1098/3/032053

1

 
 
 
 
 
 

An approach for passengers forecasting using Fuzzy Time 

Series 

U Syaripudin1, W B Zulfikar2,*, W Uriawan3 and R A Nugraha2 

1 Department of ICT, Asia E-University, Malaysia 

2 Department of Informatics, UIN Sunan Gunung Djati Bandung, Indonesia 
3 LIRIS INSA de Lyon, France 

 

*wildan.b@uinsgd.ac.id 

Abstract. At certain times the number of passengers is very difficult to predict. There was a time 

when the number of passengers occurred a very significant surge. However, there are times when 

the number of passengers is drastically reduced. This is caused by many factors including time 

including the holiday season, holidays, and so on. As for other factors such as natural disasters, 

endemic diseases, and others. The number of passengers must be proportional to the number of 

vehicles that have been prepared. The company must consider the condition of the vehicle and 

also the physical condition of the driver. The aim of this study is to conduct passenger forecasting 

on a coming day. The methodology used is Fuzzy Time Series. The result of the experiment 

shows that this model has the accuracy of the difference between predictions with real data using 

PE which is equal to 34.6%. 

1. Introduction 

Nowadays, transportation is one of the main needs. A company engaged in public transportation can at 

least dispatch hundreds to thousands of passengers every day. Transportation is the transfer of people or 

goods using vehicles driven by humans or machines. Transportation is used to facilitate humans in 

carrying out daily activities [1–4]. Good transportation will play an important role in the development 

of the region, especially in accessibility, while what is meant by accessibility is the ease and ability of 

an area or space to be accessed or reached by parties from outside the area, either directly or indirectly 

[5–9]. When determining travel schedules transportation companies set each route in a day so that in 

one day trips can occur without passengers or even have to add to the trip other than that the number of 

cars and drivers that are not appropriate i.e. 10 cars and 17 drivers found it difficult to determine the 

driver's holiday and car use. 

 In previous works, this method mainly used in order to assess multiple case especially time series 

[10–14]. In fuzzy time series, the length of the interval has been determined at the beginning of the 

process [15–20]. In this process the length of the interval is very influential for the predicted results [21]. 

The method for determining an effective interval length is the average-based method. Then to calculate 

the accuracy of the prediction of the original data using PE. 

 The purpose of this study is to minimize losses incurred by the company with a prediction model of 

the number of passengers. This work implements fuzzy time series which predicts the number of 

passengers in the coming day based on previous travel data. 
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2. Research methods 

An Indonesian transport company departs at least 6 departures per day with a capacity of 7 seats and 2 

for packages with an average per day being able to carry around 3 passengers per trip based on travel 

data in July 2019. If the company is able to predict the number of passengers, the results will be different. 

Because with the prediction of the number of passengers the company can set the schedule in accordance 

with the prediction of the number of passengers so that the expected average can be increased. In 

addition, the company can also arrange driver holidays and additional fleets if needed. 

 In producing good information, good data is also needed. In the implementation of data mining to 

predict the graduation level of these students can be classified into 2 parts, namely: internal data and 

data extraction. Internal data is data that comes from within the agency or company. Internal data 

obtained from travel data owned by the company. The data extraction process will produce this data 

mining application database. Data extraction includes training data and testing data and will be managed 

in a DBMS. 

 In this study, we collected travel data from October 2018 to July 2019 with a total data of 1835 travel 

data in which contained date and number of passengers. Then the data will be processed using Fuzzy 

Time Series. Fig 1 describes that on several weeks the number of passengers significantly reduced and 

the other one expand significantly. 

 

 

Figure 1. Number of passengers per week. 

 

Figure 2. Number of passengers per month. 

Fig. 1 and Fig. 2 explain that the number of passengers varies from month to month. The highest number 

of passengers occurred in November 2018 with a number of 649 passengers or an average of 21.63 

passengers a day and the lowest occurred in May 2019 with 282 passengers or an average of 9.4 

passengers a day. The biggest increase occurred in October to November 2018 in the amount of 149 

passengers while the biggest decrease occurred in March 2019 to April 2019 in the amount of 208 

passengers. 

 In general, the data obtained, whether from an agency or company database have different and 

imperfect entries, such as missing data, invalid data, or just typos. In addition, there are also data 

attributes that are not relevant to the data we want. Irrelevant data is better discarded because its 

existence can reduce the quality of data mining accuracy by completing deficiencies (missing values), 

eliminating confusion, and correcting data that is not appropriate. 

3. Results and discussion 

There are several steps for the passenger forecasting model. This work using fuzzy times series to 

determine the next day number of the passenger as shown in figure 3. 

 



The 5th Annual Applied Science and Engineering Conference (AASEC 2020)
IOP Conf. Series: Materials Science and Engineering 1098  (2021) 032053

IOP Publishing
doi:10.1088/1757-899X/1098/3/032053

3

 
 
 
 
 
 

Start

Create plot data

flight data

Create Union U

Interval formation

Determine the 

fuzzy set with the 

membership 

function

Determine fuzzy 

logic relations

Determine the 

fuzzy logic 

relations group

Defuzzyfication
Forecast accuracy 

assessment

Finish

 

Figure 3. The flow of the proposed model. 

The following are the stages of forecasting in time series data using fuzzy times series for example to 

determine the prediction of August 1 and August 2:  

 Defining a universal set of (U) data using (1) where 𝑑𝑚𝑎𝑥 is the biggest value and 𝑑𝑚𝑖𝑛 is the 

smallest value.  

𝑈 = [𝑑𝑚𝑖𝑛, 𝑑𝑚𝑎𝑥] (1) 

 Determination of the width of the interval using frequency distribution, with the following steps. 

First, determine the range (range) to use (2): 

𝑅 = 𝑑𝑚𝑎𝑥 −  𝑑𝑚𝑖𝑛 (2) 

𝑅 = 43 −  3 

𝑅 = 41 

 

 Next, determine the number of class intervals using the Sturges Equation as in formula (3). 

𝐾 = 1 + 3.322 𝑥 log 𝑛 

 

𝐾 = 1 + 3.322 𝑥 log 304 

𝐾 = 9 

(3) 

 Determines interval width according to formula (4): 

𝐼 =  
𝑅

𝐾
 

𝐼 =  
41

9
= 4.555 = 5 

(4) 

 The next step is to determine the median using (5) where i is the number of fuzzy sets 

𝑚𝑖  =  
(𝑙𝑜𝑤𝑒𝑟 𝑣𝑎𝑙𝑢𝑒 + 𝑢𝑝𝑝𝑒𝑟 𝑣𝑎𝑙𝑢𝑒)

2
 

(5) 

 The next step is fuzzification by using the lower limit and based on the number of intervals 

formed as many as 9 then A1, A2, A3, A4, A5, A6, A7, A8, A9 as presented on table 1. 
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Table 1. List of fuzzification. 

 Lower Upper Median Fuzzification 

1 3 8 5,5 A1 

2 8 13 10,5 A2 

3 13 18 15,5 A3 

4 18 23 20,5 A4 

5 23 28 25,5 A5 

6 28 33 30,5 A6 

7 33 38 35,5 A7 

8 38 43 40,5 A8 

9 43 48 45,5 A9 

 

 The Fuzzification stage is based on the number of intervals formed. The results of fuzzification 

are notated into linguistic numbers are presented in table 2. 

Table 2. Linguistic value. 

Fuzzification Linguistic Value 

A1 Very reduced 

A2 reduced 

A3 Quite reduced 

A4 Slightly reduced 

A5 Constant 

A6 A little increase 

A7 Enough to increase 

A8 increase 

A9 Greatly increased 

 

 The defuzzification process has two stages. First, look for the middle value at each interval. 

Second, calculate the forecast value. The method of calculation is, for example, A1, A2 so that 

A1 the middle value of U1 and A2 is the result of the middle value at U2, then both are added 

together and divided by the number of relations. Thus obtained defuzzification results from FLRG 

in table 3: 

Table 3. Defuzzification process and forecasting. 

Class The Median Current State Next State Total  

Current State 

Predicted 

1 5,5 A1 A1, A2, A3, A4   31 13 

2 10,5 A2 A1, A2, A3, A4, A5, A7 79 18,83 

3 15,5 A3 A1, A2, A3, A4, A5, A6 94 18 

4 20,5 A4 A1, A2, A3, A4, A5, A6 65 18 

5 25,5 A5 A2, A3, A4, A5, A6, A7 27 23 

6 30,5 A6 A3, A4, A5 5 20,5 

7 35,5 A7 A9, A1 2 25,5 

8 40,5 A8 - 0 - 

9 45,5 A9 A5 1 25,5 

 

Table 3 uses the formula for the number of next state values divided by the number of next. And to find 

a prediction value for example on August 2, it can be seen from the number of passengers on the previous 

day, if on August 1 there were 17 passengers then it was included in class 3 and the prediction for August 
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2 was 18 passengers. Likewise on August 3, if on August 2 there were 18 passengers, it was included in 

class 3 and the prediction for August 3 was 18 passengers. 

 The modelling phase has been carried out, the next step is to conduct a trial run. In this work, the 

tested data are travel data from 1 August 2019 to 31 August 2019. Based on the test results, the highest 

number of passengers in a day occurred on August 25, 2019, with 31 passengers and the smallest 

occurred on August 17, 2019, with 6 passengers. The highest amount of accuracy occurred on the 2nd, 

9th, 13th, 29th of August 2019 with a difference of 0, and the largest occurred on the 25th of August 

2019 which was 13. If on average the accuracy or difference in prediction with the original data using 

PE as many as 4.4 people or 34.6%. 

4. Conclusion 

Fuzzy time series can work well in predicting the number of passengers. Based on the test results, the 

proposed model has low average accuracy. This is caused by an uncertain number of passengers. For 

example, the same date in different months even the same date in different years will certainly have 

different moments such as moments of vacation, weekends, holidays, and others. Further work, we 

suggest improving this model with these determinant factors. 
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