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_ABSTRACT

In the subject of railway operation, predicting railway passenger volume has
always been a hot topic. Accurately forecasting raway passenger volume is
the foundation for railway transportation companics (o optimize transit
effi v und revenve The goul of this research s o use vnmhmm\ of
the fuzzy me series approach based on the rate of change algorithm and the
Holt double exponential smoothing method 1o forecast the number of tain
pussengers. In vontrast 1o pwvrﬁcsu_uulnms. we focus primanly on
determining the next ime period i this research. The fuzzy time series is
emploved ue the forvea hadic. the rate of change i< ueed 1o build the cot
of universes, und the Holts Double Exponential Smoothing method is
utilized 1o forecast the following period in this case study. The number of

rulwiy passengers predicted for January 2020 15 34799, with a tiny Average
Forecasting Error Rute of 05791 percent and a Mean Square Error of
SERO0.6961, It can also help runl finns identily future passenger needs. which
can be used to decide whether 10 expand train cars or run new tramns, as well
as how to dnmbulﬂkﬂ-.
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1. INTRODUCTION

Rail transit is a very viable option for meeting public transportation needs. The demand for a more efficient
transportation system is growing. Transportation services are a fast-growing industry in a developing country like
Indonesia. The planning and management of genuine railway business resources determine the quality of
transportation services. Better serve the community and deal with rising transportation costs.

Predicting passenger volume is yery important in the ficld of rail transportation [1]. The key o increasing
the operating efficiency and economic income of rail transport companies is the accurate and timely projection of
the volume of rail passengers [ 1]. Accurate transportation volume predictions are critical for formulating strategics
for future rail transportation growth. investment. and facility efficiency [2]. as well as for local economic
development. resource allocation. and cost reduction [3]. It also forms the basis for rail transport companies to
determine whether w0 operate new trains [4]. as well as how 1o allocate tickets [5] and taking ticket prices into
consideration [6]. Prediction of the volume of train passengers on a large scale. not only includes predictions of
passengers in onc area but also passengers in all regions.

The requirement for public transportation services may be controlled sensibly by offering effective ground
transportation services. therelore accurate forccasting is critical for cvery rail way firm organization. Surprisingly.
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the number of train pascengerc al o dtation hac been discoverad to be a proxy [or gauging a railway company’s
resource usage. It is obvious that accurate forecasting of the volume of railway passengers at the stations 1 critical
to the efficient planning and distribution of railway company resources. Evaluating and forecasting the number of
train passengers is a difficult and time-consuming task. According o past study. the results of fuzzy time series
predictions are generally not obtained directly for the next time period. .

Furthermore, the forecasting process and (ts results must be inelligivle not only by rail tansporation
service company administrators, but also by individuals who make decisions based on the results. However. the
current forccasting practice persists. in many ways, completely theoretical and statistically based approaches.
notwithstanding the research that has been done to cope with complex time series data. To anticipate train passenger
volume, It is vital to use soft comfEBng-based algorithms that are scientifically sound and dependable. This soft
computational approach should be able to deal with time series data that is complicated and create approximation
values with a small error margin.

Soft computing approaches have been employed to solve prediction difficulties in recent years. In the
application section. we describe u novel software system that was created using the presented theory. This covers
hinguistic study of time series and their trends.

As a result of its ability to solve the forecasting issue in uncertain situations where historical data is
incomplete or vague, fuzzy time series are now widely used in a variety of ficlds, including enrollment forecasting,
stock index forecasting. temperature forecasting. and so on, with better forecasting results.

Forecasting is the technigue of projecting future performance based on previously collected data. In
everyday life. forecasting plays a crucial role. The traditional time squence approach is & prominent forecasting
method. The classical time series method, despite its widespread use. has a lawfgll the forecasted results are real
numbers. what has been described cannot be understood. To circumvent this flaw. the fuzzy time series approach |7]
is used. The fuzzy time series approach converts real-number anticipated values into linguistic values. 23

The goal of this research is to forecast the number of rallway passengers using a combination of the Fuzzy
Time Series (FTS) and percentuge change methods, which are prediction methods based on the percentage change
of a datum over a period of time [8] and the classic Double Exponential Smoothing Holt (DES Holt) method. The
FTS is employed as the forecasting basis, PercentagSl Change is used to build the set of universes. and the DES
Holt method ix used to forecast the following period in this case study. Thus it can be «aid that the proposed method
has unique characteristic that is. it is a hybrid, in the sense that FTS modeling is combined simultancously with
statistical modeling (DES Holn).

In terms of prediction, numerous rescarclE recommend using the FTS approach. Song and Chissom [7]
were the forerunners of the FTS concept. using it to model academic enrollment data at the University of Alabama
7], 19-21]. predict temperature |22, 23|, torecast the stock market mdex [24-35|.

Other researchers have developed many improvements to the FTS prediction method. which addressed the
following issues [16]: determining the effective interval length [15]. [3541]. fuzzy logic relationship [42]. and
defuzzification methodology [21]. The use of fuzzy metric technigues in predictions [8]. [43], [44]. as well as the
percentage change as the universe of speech [X]. [44].

2, RESEARCH METHOD
. Fuu_\‘ Time Series: A Basic L‘onctpl
The first FTS definitions were presented in 1993 [45]. The following are the concepts of FTS. Let U denote
the discourse universe, where U = {uy, 1y, .. u,}. A; of U is a fuzzy set defined by 20
A= fA ) uy + fA (up) /iy + -+ A, () )
where f, is the fuzzy set A; is membership function: fu:U = [0,1]. wy is a component of the A; fuzzy set and
failuy) is the degree to which v belongs to A;, f4(uy) €[0,1] and 1 < k < n.
Definition 1. Y(¢) (¢t =+,0,1,2,...). is a subsct of R. Let ¥ (1) denote the discourse universe as defined by the
fuzzy set fi(0). If F(y) is made upof fi(t). fo(t),and soon. F(t) isaFTS on Y(u) (t =...,0,1,2,...).
Definition 2. If a fuzzy relationship R(t — 1,£) exists such that F(t) = F(t — 1) X R(t — 1,¢) where X represents
an upcruﬂ. then F(E) i» said w be induced by F(o = 1).
Let F(t) = A; and F(t — 1) = A;. The relationship between F(t) and F(t — 1) (referred to as a fuzzy
{EJical relationship. FLR) can be denoted by 4; — A;: where 4; is called the lefi-hand side (LHS) and A; the right-
hand side (RHS) of the FLR.
Definition 3. Given two FLR on the LHS with the same fuzzy sets. 4, — A;;, A, — A, Both FLR can be combined
into FLRG (fuzzy logical relationship groups) A, = 44, 4,5

b. The Algorithm's Key Concepts
1) Procedure for event discretization
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In FT4hcory. the discretization process reduces the complexity of the discourse world. Thls approach is
typically used as a finst step in preparing the universe of speech for numerical evaluation h\ tying events from
different time periods together. [Efferences in time series data have been employed as the universe of dxmu’m n
several forefJsting systems [46). Time series data differences can improve furcc:minlg accuracy. However . estims
of growing and decreasing rates of time series data cannot be made solely on the ms of disparities. As a result. the
universe of discourse in our method is defined as the percentage of change (Pof from time tto time £ + 1.

As PoC(t+ 1) = (X(¢t @ — X(t)) X(t). where X(t + 1) is the value at time ¢ + 1 index and X(r) is
the actual value at time t index, the event discretization function can be defined in such §By that its value at time t
index correlates with the occurrence of the event at a specific time in the future. PoC is the percentage change in
value from time tto time £+ 1,

Table 1. Calculation Example for PoC

_ Yewr  Momh  TimeSetiesData  PoC
2012 1 10223
2012 2 95158 -6.91%
LT i 07 13.37%
2012 Kl 9926 -TO8%

Example: The PoC of period 2012/2 is calculated as (9515-10223100223, which equals -6.93 percent. as shown in
Table 1. The PoC for the following year/month is calculated in the same way.
2) Procedure for dividing frequency density
»  Calculate the number of PoCs that fall in each interval.
*  Determine the ranking based on the number of frequencies,
«  Divide the interval by the biggest ranking minus one to find the interval.
*  Kepeat for the next two intervals with the highest frequeincy.
Table 2. shows sample data at intervals along the number of PoC.

Table 2. PoC Frequency with Interval

Interval Number of Pol’ Ranking
{-15.-10} I :
1105 4 1
{-5.0) ] 3
03] A 2

In Table 1L, the interval {-13.-10} has the highest PoC frequency. It is subdivided into thifle parts: {-10. -8.33}. {-
¥.33,-6.67}, and {-6.67, -5}. Furthermore, the interval {-10, -5} is the interval with the next highest frequency of
data. Tt will be separated into two sections: {-10, -75} and {-7.5. -5}. After that, leave the intervals {-5. 0} and {0,
5} unaltered.
17
3) Deline fuzzy set based on triangular Wbcrship function
Based on the interval produced using the triangular membership function, defining fuzzy set A, = 1,2,3,4,....n
Then, to calculate the anticipated value of the percentage change. find the mean value at the interval obtained.

Then, using Equation 2, estimate the perventage change data using the triangle membership function,

1+05 iy
1,03 Jdfj=1,
ay; a
0541405 ; ;
(=TT T Jdf2<€j€n-2, )

b T B
05+1 .
LT Jfj=n
@n-y dn

Where aj_y,a, @,y arc the mean of the fuzey intervals of x; — 1, x;, x; + 1 respectively. t; gencrates
prediction of the percentage change in the number of train passengers from month to month.

4) Determining the data value based on the forecasting results t; = F(t).

Where:
Xpg=actual datato t = 1

Prediction of Passenger Train Using Fuzzy Time Series and Percentage Change Methods (Solikhing
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5) Determine the prediction for the next time period t + 1 ‘
The combination of methods in research using the DES Holt approach. The DES is a popular technigue for
predicting the trend of time series data using simple lincar equations in husincs:-‘.and economics [47].
Introduction A class of forecasting algorithms is described by the exponential smoothing (ES) method [48].
In corporate forecasting, ES is the most used family of forecasting models [49]. The double exponential
smoothing (DES) is a trend time series extension of the exponential smoothing (ES) |50].

Calculate the prediction for the next time period ¢ + 1, Show equation

Si=aX,+ (1= a)(Si-q t+_y) (3)
ty = P(S; —Sp-q) + (1= )ty (:)
Fl:+m=sl'+'lm M
Si=X (6)

= B X Hxexa) N
3= 2

where:

X, = Actual data at time t

S = Single smoothing value

t, = Smoothing trend

a, f# = Smoathing parameter between 0 - 1
F, 4, = Forecast value

m = Future period

6)  Steps in the algorithm 3
Historical data and graphs of the number of train passengers tfrom January 2006 to December 2019
oblained Irom the Statisucs Cemral Agency (BPS) are shown in Figuic 1.

TN Sasiecge”

LN 4 A
.fi“n” ili,‘ 1(%~'. i ‘\."‘
M

!

Mere 1 Mo
Figure 1. Graph of the Actual Train Passengers Data
19
In order to solve the prediction issue in this case of the number of train passengers using the FTS and
percentage change methods, the steps that follow are carried out;
Step 1. Determining historical data of the actual number of train passengers in the form of time series data X =
X1, X2, X3, X4, X5, ..., Xn. then X = [11828, 11931, 13314, 12909, 13575, ..., 37463).
Step 2: Deternining the set of U universe by:
a. Calculating the real data's percentage change on the number of train passengers using Equation 8.

de = (*=1) 4 100 (8)

X

e
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The results of the percentage change for each month-to-month period are shown in Table 3.

Table 3. Percentage of Change

Month Year GChange MonthY ear G Change MonthYeu GChange  MonthYear  ““Chunge
Jan-Fehi)o O.X708 Jul-Augt® -4 HOO8 Jan-Feb13 20837 Jul-Augl6 26256
Feb-Mar(6 11.5917 Aug-Seplh -1 4035 Feb-Mar13 RA4I8 A'ugrScplb -|:.2-$.\.\
Mar-Apr06 A Sep-Oct? (HEHNXY Mar-Aprl3 | s hq)-(-\‘t!l‘l 25308
Apr-May()6 S.1592 Oct-Novi® 2907 Apr-May 1 3 07063 Oct-Nov 16 NEUAE
May-Jurin 2,740} Nuv-Detr? 4 7860 May Juntl 7470 Nov-Declh K IKSH
Jun-ulo6 9.ilel Dectrd-Jan 1) 4) KU Jun-Jull 3 170164 Decl6-danl 7 -3.7356
Jul- Augllts -8.1619 Jan-Febl0 -127238 Jul-Aug 13 -4 603 !.m—l‘chlz -Il..b.*;!?
Aug-Sepllty 13655 Feb-Mur 10 117380 Aug-Sepld 1 6218 Feb-Mar17? 176578
Sep-Octl6 6.3561 Mar-Apr i) H9416 Sep-Ox113 40328 Mar-Aprl 7 20768
Oct-Nos6 46116 Apr-May 10 09268 Oct-Nov 13 29950 Apr-May 17 7.1202
Now-Detly 01247 Miy-Junl) 13932 Nov-Decid 73208 May-Junl? R.Y554
DecO6-Junl)7 25415 Jun-Jullo 24393 Decl3-Jan 14 15175 Jun-Jull? 11,6753
Jun-Febl? -21 4255 Jul-Augl 6 RUM3 Jan-Feb 14 -5 IN6A% Jul-Auel7 -1.5127
Feb-Mar)? 222448 Aug-Sepl0 SO0 Feb-Marld 140914 .-\ug*] 7 -3R265
Mar-Apii7 75024 Sep-Octin 2218 Mar-Apr 14 -4 638 Sep-Oetl? 7.0143
Ape-Mai7 S 6477 Oct-Novl -2 5064 Apr-May 14 49297 Oct-Novl 7 20217
Mauy-Jun(7 08403 Nov-Decl 16750 May-Jun 14 317063 Nov-Deel 7 T1IRS
Jun-Jul)? 89380 DeclO-Janl | <4 7482 Jun-Jul 14 -Sh208 Dec|7-JanlR 56783
Jul-Aug07 -6.2003 Jun-Febll -1 1 R465 Jul-Aug 14 31067 Jan-FebI R 9058
Aug-Sep07 -2503 Feb-Marl | 140228 Aug-Sepl4 1 HUK3 Feb-Marix 14.6972
Sep-Oct)? 55411 Mar-Apri | L1629 Sep-Octld 56373 Mar-Aprl 8 0,3373
O ENovO T -9.2900 May 11 68750 Oct-Nov 14 23750 Apr-May 18 0 THN
Now-Den17 43135 May-Junll -1 4667 Nov-Dex 14 TR May-Junl 8 69105
Dect)7 -Junly 03779 Jun-Julll sn217 Dect4-Jan 13 -6 RS6 Jun-Julls 14139
Jun-Febl® -4.3189 Jul-Augll 180227 Jun-Feb 15 -3l Jul-Ayel 8 -1.3750
Feb-MarO8 11.7749 Aug-Sepll 139768 Feb-Mar 15 19 6446 Aug I8 10404
Mar-Apii§ =2 2401 Sep-Octl | -2.7185 Mar-Apri$ -25748 Sep-OktiN 50197
Ape-May(R 41500 Oct-Novll -1.7131 Apr-Mav1% 50631 OCE=-NovIER -2.3850
May -Junis 3954 Nov-Decl | 39063 May-Jun 1§ 12460 Nov-Deci ¥ 7.5557
Jun-Juls 51558 Janl2 -3 14os Jun-Julls (LIR14 DecI8-Janly -TA8RS
Jul-Augh8 -4 3551 Jan-Febl2 8701 Jul-Aug 15 1 66 Jan-Feb1Y 01766
Aug-Sephs 71838 Feb-Mar12 103292 Aug-Sepls ) RRRA Febh-Mar 19 120756
Sep-Os 08 91819 Mar-Apel2 A019 Sep-Oct 1S 42423 Mir-Aprl9 0.1622
Oct-NoviK 78676 Apr-May |2 61209 Oct-Nov 13 -3 P82 Apr-May 19 19744
Now-Dec) 10130 May-Junl2 1 /378 Nov-Dec 15 TRI3R May-Junl® 03472
DecR -Jan -5 4657 Jun-Jull 2 13675 DectS-Jan 16 49378 Jup-Jul19 11.2425
Jan-FebtY -4.3121 Jul-Augl2 6 KA Jan-Feb 1o 65167 Jul-Aug19 -9.8327
Feb-Mad®) 23.5273 Aug-Sepl2 40338 Feb-Mur 16 194 Aug-Sepl® (0.080Y
Mar-Apnry AL Sep-Oail 40371 Mur-Ap 10 AN Jep-oiy RELAES
Apr-May0y 62534 Oct-Nov 12 -7 9056 Ape-May 16 19761 Oct-Nov 19 -1.5666
Mauy-Jun9 1.7897 Nov-Decl2 20985 May-Jun 16 -5 288 Nov-Dec19 4.4207
Jun-Julw 1.3338 Decl 2-Junl 3 14764 Jun-Jutl6 4249 . s

b. Determining LL and UL from the results of the percentage change in Table 3, then the obtained value of LL is

~21.4255 and UL 23.5273. Thus U can be determined using Equation 9.

U=|LL-D,UL+ D]

The values of Dy and Dy are positive integers to assist in defining the set of U universe. so that the set of

universes is defined U = [-22.0000,26.5395].

¢. Forming an interval class by caleulating the number of intervals using formula 10.

B =1+ 33 «log(n)

n = number of percentage chunge of data.

R =1433+log(167) =K 3350 "0

d. Calculating the length of the interval class using formula 11.

(9

(I

()
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23.5272 — (~21 4255)

= LT = 5.3393

Step 3: Based on the result of forming the intery al class on the set of universe. then the frequency of the percentage
change of data included in each of these intervals was caleuluted and ranked based on the frequency. as shown in
Tuble 4.

Table 4. Frequency and Ranking

Inisal Interval Class Freguency Ruanking
[-22 0000, - 16,6067 3 i
|16 6067 _-11.2134] 3 3

[-10.2134 . -5.8202) 18 &

[-5.8202 . 04269 57 v

10,4269 4 9661 40 8

[4.9664 . 10.3597] 3l 7

[0 3897 | 15 7530| 11 5

[15.7530 . 21.1462] 1 1

[21.1462 . 26.5 2 1 o

glep 4: Determining each fuzzy set x; based on the divided interval and fuzzifidff@n of the historical data of the

ber of train p gers, where the fuzzy wel v, chows [ linguistic value from month to month of the percentage
change of data represented by the fuzzy set. Dividing the length of the interval based on the ranking of the data with
the largest to the smallest frequency. for example n = the largest frequency rating fhe length of the interval is
5.3933, the ranking that is at the greatest frequency is 9, then for the first interval it is divided into n — .= 9-1=
8 intervals with the same interval length. namely 53933 /8 = 0.6742. The second interval is divided into
.—2 = 9 -2 =7 intervals with the same interval length. namely 5.3933/7 = 0.7705. The third interval 1s
divided into n — 3 = 9 — 3 = 6 intervals with the same interval length. namely 5.3933/6 = 0.8989 and so on until
the ninth last interval. The total number of intervals obtained becomes 37 interval classes. Then determining the
mean value of cach interval class as shown in Table 5.

Table 5. Frequency Distribution. Fuzzy Set. and Mean Value

Ty Intervals Mean
Al [-22 000K 21 3288 216629
A2 [-21.3258 . - 20.6517) <20 IRRS
A3 [-206517 -109775] 203146
Al [-19.9775 , - 19.3034) <10 haM
AS [-19.3034 . -18.6292] IR 9663
A6 (1K 6202 17 0550] 18200
A7 [-17.9550 17288 <1 7HI80
AN 1172800 - 16 6067] 169435
AY [-10.0007 - 13.8303) “102213
Alo 1-15.8363 - 15.0655] 154510
All [-15.0658 . -14.2953] -1 6805
Al2 [-142053 -13.5248] 1391
Al3 [-13524K , -12.7544] 131396
Al4 1127544 - 1198391 123091
AlS [-1EOR3G . -11.2134) <11 5087
Al 1102134, -10.3146] 107640
Al [-10L3046 -9.4157] -0 8651
AlX [-DA4157 . 85168) -K.0662
AlY [-H5168  -76179) KO674
A20 [-7.61749, 6.7 1) 701685
A2l [-6.7190, -5 8202] 62696
Al |-5.8202 . <1 7415] -5.2808
A23 [-4.7415 -3 662K| -4.2022
A24 [-36628 . -2 5842 s
A28 [-2.5842 -1 S055] -20M44Y
A6 [-1.5055 . 41 .426] 09662
A27 104269 .(19214) 02473
AR |08214 22698 | 5956
AXy [23698 . 3.6181) 20439
Al [36181 ,4.0664] 4392
A3 140661 6 7642) SRESY
AR [6.7642 . 8.5619] 7663
Add [BS619 . 103597 DA60K
AM [ L3597, 13,0563 117080
AdS [ 13,0563 . 15.7530] 14,4046
Als [15.7530. 21,1462 18,4496

8 __
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Al [21.1467 . 26 8305 238429

Step 5: Defuzzifying the fuzzy data shown in Table 6.

Step 6: Determining the value of the data based on the results of forecasting t; — F(t) where F(t) is the I'('mrccusling
value of the data percentage change. The formula 12 is used to determine F(t). The results of F(t) are
shown in Table 4.

£ 9

F(t)=(1T’o-x,_l)+x,_, (12)
Where:
X, y=actal datato t — 1
Whereas for t + 1 forecasting used the classic Double Exponential Smoothing Holt (DES Holt)
forecasting method with @ = 0.1 and y = 0.1, the value of data smoothing in December 2019 was

34510.2 while the trend smoothing value was 320,12 using formula 3.4 .5, 6. and 7. So that the forecast
value for January 2020 ix:

F(Jan 2020) = st + bt (m) = 34510.2 + (320.12) « (1) = 34830.3 then the forecast results for
January 2020 is:

=7.1117
F(Jan 2020) = (_IW . 34330.3) + 34830.3 = 32353.3

Step 7: Calculating the average forecasting error rate (AFER) and mean square error (MSE) [44] between real data
and predicted results, namely the formulas 13 and 14 shown in Table 6 and Figure 2.

(.

AFER =—1—+ 100% (13)
MSE = (X(A, = F)?)/n (14)
Where:

i=1..n

Table 6. Prediction Results

Month Passangers 9 Furzy Prediction Forecast

] . "
Y eas (A), Change(d,) Sets %(t,) () A = F AFER MSE
Junlis 11828 . . . - - -
Feblib 11931 0.870% A7 LR L 1159 41 LR 17129022
Marhe 13314 11597 Al 115625 13311 3 00261 120974
Aprid 12900 S30419 A2 R RLE 12024 -15 0120 340 2168
Mo 13575 51592 All 56781 13642 67 04935 HET 1147
Junits 13203 27403 A2 -2.925% 13178 25 019K 31 K49
Julity 14433 LRI Al 03610 1450 H 00411 35,1985
Aughb 13255 -K.1619 Al RO0170 132176 -3 1577 4370771
Seplits 13436 1.3635 AR 0. 70K 13449 87 (16471 T539 0018
Ocilé 14200 63561 Al 56781 14100 21 06374 K207 4763
Novia 13631 4616 Al ~4.0500 13710 70 053 6236 0872
Decli 13614 AL 1247 A7 1520 13702 -KH {1 i TTH 6827
Jant7 13900 215 A 2.5 13900 - 0501 01.2754
FebU7 1469 -21.4255 Al 214334 10968 I 0010 1.2158
Murl)? 13409 222448 AN? 21.71259 13352 57 4242 32360203
Aprh)7 14415 T.5024 A32 7.4462 14407 ¥ 00823 56,8372
Muy(7 15232 S.6677 Al 56781 15233 I O O098 2243
Juni? 15104 A)LR403 Al 2.6936 15642 -53% A5 2RYTSS.2I12
Julo? 164354 8.9380 Al 93610 16518 -64 LURE X JOR1 340
Augh? 15419 -6.2903 Al -6.1741 15438 -19 01240 365 3292
Sepl)7 15033 2504 AN 171 15155 -122 0 08093 14800 3430
Ocy? 15866 554101 Al 56781 15887 -21 1298 4238976
Nowi7 14391 -9 20960 AlR -R9210 14451 -6l LIEYE]] 38814618
Dech? 180K (R ESS Al 100 11041 101 0 6RA? 10667 D156
Janis 15027 0371 A7 05200 15163 -136 05022 IN3T991
FebU8 14378 43189 A23 -4 0590 L7 -3 02716 1525.2204
Mty 16071 11.7744 AM 11,5625 1 6k il 0,190 9329207
AprtI8 15711 -2.2401 Al 1714 15795 «84 0san 71 36 6636
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Muyix 16363 41500 Al 41978 16353 X ansm 67 1522
Jun 17010 IUSH AN 40078 17044 24 013K s$3.33a0
Julog 17887 51558 Adl 56781 1797 KO 04967 ':H‘I,\ A3
Augls 17108 43551 AR -4 0390 17161 53 (1] _il.'llﬁ _xu_: .4-':::
Sepl¥ 15879 ~T.I838 Al 70117 15691 2 o077 1820370
Oy 17337 91819 A 9.3610 17365 28 060 mm.w»_:-
NovOs 15973 ST R6TH Alu KO0 15047 26 01622 6711877
Dect 15332 -40130 A3 -4 0590 15325 7 00479 5393584
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Figure 2. Prediction Result Graph

3. CONCLUSION

In this study, the modeling of the number of train passengers from month to month uses the Percentage
Change as the set of universe. It can be observed from Table 6 that the apphication of the FTS and Percentage
Change methods 1o handle the prediction of the number of train passengers produces small AFER and MSE which
shows high degree of accuracy, namely AFER=0.5791% and MSE=58890.6961 which shows the level of accuracy
of the FTS PC forecasting method with the DES Holt combination is very high. In future research, the rescarchers
will cmploy the FTS and Percentage Change methods to handle the prediction of the number of train passengers by
constructing @ web-based application and/or using additional methods to anticipate the data based on different
intervals to gain improved accuracy.
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