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Abstract
TransJakarta is one of the most common public transportation modes used by public in Jakarta.
Every day, there are more than 300.000 people who uses TransJakarta. Jakarta Smart City
collaborating with PT. Transjakarta to integrate mass transportation system in Jakarta. PT.
Transjakarta has data on the number of TransJakarta passengers every day that can be used to predict
the number of users in the coming week. This information can be used to optimize Transjakarta's
bus performance. For example, when to do maintance on Transjakarta's buses, cleaning buses, etc.
The results of the study showed that there is a pattern in the number of Transjakarta passengers
where the number of users will increase on weekdays and decrease on weekends. To predict that,
SARIMA which able to overcome seasonal effects the data had can be used. Then it was also found
that the number of users decreased significantly in the Indonesian holiday season, such as on Eid alFitr and Indonesian Independence Day. To overcome that pattern, the help of x-factor, where xfactor is a dummy variable of holiday in Indonesia, can be used. Therefore, this study uses the
SARIMAX model to predict the number of TransJakarta users in the next 7 days. The model with
the best results is the SARIMA(0,0,0)(2,1,0) with x-factor and with an analysis error of MSE =
162402173, MAPE = 2.6122 and MASE = 0.211698.
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I.

INTRODUCTION

TransJakarta is a bus rapid transit (BRT) system in Jakarta, Indonesia, which was the first BRT system in
Asia. It is now the main public transportation in Jakarta with 155 routes. The TransJakarta system is a shuttle
bus that will stop at each designated bus stop. One of advantage of using a TransJakarta bus is that it can reduce
congestion in Jakarta. TransJakarta buses have special routes that can only be passed by TransJakarta . The
price for the use of TransJakarta is also very cheap, which is 3500 rupiah regardless of the distance traveled.
In 2018 about 189.8 million passengers used the service. Currently, it serves more than 700 thousands
passengers daily, and it is aimed to serve one million passengers daily.
Jakarta Smart City is part of the DKI Jakarta Provincial Government to implement smart cities in Jakarta.
Smart City is a city that uses information and communication technology to help that city to build their
competitive advantages [1] [2]. There are six categories targeted by Jakarta Smart City, smart living, smart
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mobility, smart governance, smart environment, smart economy, and smart people. Smart mobility means the
public can have access to diverse modes of transportation, prioritizing environmentally friendly transport and
not motorized vehicles, and integrated with information and communication technology.
PT Transjakarta has data on the number of Transjakarta's passengers every day. Before boarding a
TransJakarta bus, one must have an e-money card. This card will be tap-in at the entrance gate available at each
TransJakarta bus stop. If passengers wants to get out of the bus stop, then the passengers must tap out at the exit
gate. These tap-in and tap-out transactions are recorded by PT. Transjakarta.
Jakarta Smart City in collaboration with PT. Transjakarta to help realize Smart City. By using the help of
Application Programming Interface (API). Data on the number of users who tap-in and tap-out every day can
be monitored by Jakarta Smart City.
PT Transjakarta has a limited number of TransJakarta's busses. But, TransJakarta's passengers always want
the best service deliver. There's days when Transjakarta's passengers at the peak, but there's a low season when
the bus is almost empty. By understanding the pattern of TransJakarta's passengers tap-in, prediction can be
made. With this prediction, we can optimize the service of TransJakarta's buses. The maintenance of
Transjakarta's buses can be done, without compromising the passengers.
Several studies regarding the prediction of bus passengers have been carried out [3] [4]. Seeing the data
obtained from PT Transjakarta is daily data from tap-in & tap-out by Transjakarta's passengers, predictions can
be made using the time-series method. There is a pattern in the tap-in data, which causes predictions cannot be
made using only the ARIMA model, but must use the Seasonal ARIMA (SARIMA) model that can overcome
the seasonal pattern. [5]. However, simple time series approach is sometimes less accurate because besides the
time effect, there are other variables that affect the data movement. This can be overcome by adding x-factors
in the form of additional variables. [6] Therefore in this study the SARIMAX model is implemented.
II. RESEARCH METHODS
A. TransJakarta Dataset
Data of this study were obtained from PT. TransJakarta through Jakarta Smart City. Data in the form of the
number of tap-ins and tap-outs that occur every day from 5 June until 19 August 2017. There are some data
missing in the dataset. Generally, there’s around 350.000 taps-in in weekday, and 250.000 taps-in in weekend.
The challenge of this study is the absence of a clear id on the electronic card. Therefore, if an electronic card is
used to tap-in twice in a day, morning and evening, it will be considered taps-in twice.
B. Time Series Approach
ARIMA
The simple time series approach is Autoregressive Integrated Moving Average (ARIMA) models. Univariate
(single vector) ARIMA is a forecasting technique that projects the future values of a series based entirely on
its own inertia [7]. The model is written like this
𝐴𝑅𝐼𝑀𝐴( 𝑝 , 𝑑 , 𝑞 ),
where:
p = order of the auto regressive part,
d = degree of first differening involved,
q = order of the moving average part.
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The formula is written like this
(1 − 𝜙1 𝐵−. . . −𝜙𝑝 𝐵)(1 − 𝐵) 𝑦𝑡 = (1 − 𝜃1 𝐵 − ⋯ − 𝜃𝑞𝐵) 𝑒𝑡.
where
𝜙 = autoregressive parameter,
𝜃 = 𝑚𝑜𝑣𝑖𝑛𝑔 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 ,
𝑒𝑡.= the error term at time t,
B = Backward shift operator,
When the data has a seasonal weekly effect so it is suitable to use Seasonal Autoregressive Integrated Moving
Average (SARIMA). Trend is the movement of data up or down. In this case the data had fallen during the
Lebaran but back up after Eid. Seasonal is a repetitive movement. Reassuring that data does have a weekly
seasonal effect. The random is data that can not be explained by Trend and Seasonal effects,
SARIMA
Seasonal Autoregressive Integrated Moving Average (SARIMA), is a method for time series forecasting with
univariate data containing trends and seasonality [7].The model is written as follow:
𝐴𝑅𝐼𝑀𝐴( 𝑝 , 𝑑 , 𝑞 )( 𝑃, 𝐷, 𝑄)𝑠,
where
P = order of the seasonal auto regressive part,
D = degree of seasonal differening involved,
Q = order of the seasonal moving average part,
s = The number of time steps for a single seasonal period.
The formula is defined as follows:
(1 − 𝜙1 𝐵−. . . −𝜙𝑝 𝐵) (1 − 𝛷 1 𝐵𝑠−. . . − 𝛷 𝑃 𝐵𝑠)(1 − 𝐵) (1 − 𝐵𝑠) 𝑦𝑡 = (1 − 𝜃1𝐵 −
⋯ − 𝜃𝑞𝐵) (1 − 𝛩 1𝐵𝑠 − ⋯ − 𝛩 𝑄𝐵𝑠) 𝑒𝑡 .
where
𝛷 = seasonal autoregressive parameter,
𝛩 = seasonal moving average parameter,
Bs = Backward Seasonal shift operator.
The X Factors
X-factors that affect the number of TransJakarta passenger are holiday, and Eid holidays, where the number of
TransJakarta users drops dramatically during that period. This can be overcome by adding x-factors in the form
of additional variables. Some research [8] takes into account calendar variation effect by the inclusion of xfactor.
The dataset for this study is from 5 June until 19 August 2017. At that date, 25 – 26 June 2017 is Eid al-Fitr
which is a big holiday in Indonesia. There is also some National holiday for example 17 August 2017 which is
Independence National Day.
In this study the x-factor variable is a dummy data. Selection of data dummy is done by tentative by seeing the
actual data movement. When it is a holiday, the dummy is -1, when it is a lebaran the dummy is -4. This is
because the decrease of passenger in Lebaran is 4 times greater than holiday
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SARIMAX
Time series modeling is sometimes less accurate because there are other variables that affect data movement.
This can be overcome by adding x-factors in the form of additional variables. In this study the additional
variable is a dummy data to overcame Lebaran and holiday like National Independent Day [9]. Selection of data
dummy is done by tentative by seeing the actual data movement. When it is a holiday the dummy is -1, when it
is a lebaran the dummy is -4. This is because the decrease of passenger in Lebaran is 4 times greater than
holiday. In this case, we know that we need to use SARIMA and X-factor to handle the holiday effect. Hence,
the SARIMAX is chosen to forecast the number of TransJakarta Passenger.
Interpolation
Some data on the TransJakarta dataset is missing. It is known that this data was lost due to PT. TransJakarta
upgrades and repairs the system. However, the time series analysis can not be performed if there is missing
data. It can be overcome by performing imputation of the data based on interpolation. Interpolation is the filling
of lost data with a particular method.
There is a lot of method to interpolate time series data [10]. The interpolation in this study is implemented with
function na.interp of R package Forecast. For seasonal series, a robust Seasonal and Trend decomposition using
Loess decomposition is first computed. Then a linear interpolation is applied to the seasonally adjusted data,
and the seasonal component is added back [11].
Heteroscedascity Test
The variance of the errors should be consistent for all observations, known as homoscedasticity, is one of the
assumptions about residual/error in ordinary least square regression. When this assumption is violated, it is
called heteroscedasticity. Heteroscedascity test is needed because SARIMAX cannot handle the high violatility.
The heteroscedascity test in this study is implemented with function McLeod.Li.test from R package TSA [5].
Forecast Accuracy
It is important to evaluate forecast accuracy using several forecasts Key Performance Indicators. in this stydu
the following measurements are used. Mean Absolute Percentage Error (MAPE) is one of the most
commonly used to measure forecast accuracy. It Measures by total of absolute error divided by the true value.
Actually, it is the average of the percentage errors. Mean Absolute Error (MAE) is the mean of the absolute
error. Mean Squared Error (MSE) is defined as the square root of the average squared error. Mean Absolute
Scaled Error (MASE) measures from average scaled error [12] .The best model is selected based on the smallest
error.
All the analysis is conducted using the R software [13] [14].

III. RESULTS AND DISCUSSIONS
There are around 350.000 passengers everyday at weekday and 250.000 passengers at weekend during 5 June
until 19 August 2017. The tap-in and tap-out pattern is shown in Figure 1. However, there are around 50.000
passengers in difference because the tap out system has only just begun to be implemented in September 2016.
We observe a weekly effect as the number of passengers in every weekend is dropping. It shows that people
mainly use the TransJakarta to go to work and/or school. The number of passengers also drop at the holiday
period. For example, at Indonesian Independence Day, 17 August 2017, the number of passenger is dropping,
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even though it is fall on Thursday. In Ramadhan period, the effect is much stronger. We observed low number
of passenger at 4 days before and after Eid Fitr.
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Fig 1. Number of Tap-in & Tap-out of TransJakarta from 5 June – 19 August 2017
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The data unfortunately have a lot of missing data. This is due to the fact that TransJakarta is changing the
system. A linear interpolation for non-seasonal series and periodic structural decomposition using seasonal
series is being implemented to impute the missing data and the result is shown in Figure 2. The result shows
that the interpolation resulted in nice data imputation as it follows the pattern of the series.
400
350
300
250
200
150
Interpolasi

100
Tap-In

50
0
5-Jun

20-Jun

5-Jul

20-Jul

4-Aug

19-Aug

Date

Fig 2. Number of Tap-in & Tap-out of TransJakarta after interpolation from 5 June – 19 August 2017
Using the inputted data, several SARIMAX models are being derived and compared based on the forecast
accuracy measurements. The results shown in Table 1 revealed that SARIMA(0,0,0)(2,1,0)[7] gives the
smallest MSE, MAE, MAPE and MASE. Hence we can use SARIMA(0,0,0)(2,1,0)[7] as the selected model
for this dataset.
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TABLE I
Error Measurement
MODEL
SARIMA(2,1,1)(0,1,1)[7]
SARIMA(1,0,0)(2,1,0)[7]
SARIMA(0,0,0)(2,1,0)[7]

MSE
706196269
249027679
162402173

MAE
23905.14
13061.67
8077.20

MAPE
7.14%
3.90%
2.41%

MASE
0.626538
0.342338
0.211698

Number of Passenger (thousand)

Comparison between forecast values based on model SARIMA(0,0,0)(2,1,0)[7] and the actual data can be
seen from Figure 3 and Table 2. We observed that the forecast is fitting nicely with the series pattern.
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Fig 3. Result of the Forecast
TABLE II
Forecast and Actual Data
Date
20-Aug
21-Aug
22-Aug
23-Aug
24-Aug
25-Aug
26-Aug

Forecast
268342
344558
360876
366657
359449
358513
272078

Actual
248147
371031
361953
364641
359444
361963
275403

Figure 3 shows that the general pattern of TransJakarta's passengers are low in number during weekend
and remained high during weekday. However, in some situation such as holiday, the number of passengers is
very low. In this case we observed very low numbers during Ramadan and Eid Fitr Period.
After seeing the number of Transjakarta's passengers in the next 7 days, it can be compared between the
number of real Transjakarta's passengers and the forecasting number of passengers using existing models. The
comparison of this data can be seen in Table 2. From the results of the assessment can be calculated error values,
such as MSE, MAE, MAPE, and MASE which can be seen in Table 1. Figure 4, shows the graph comparison
of actual data of Transjakarta’s passengers and the forecast of SARIMA (0,0,0) (2,1,0) [7]

Total of Tap-in Transjakarta (Thousands)
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Figure 4. Forecast vs Actual data of SARIMA(0,0,0)(2,1,0)[7]
IV. CONCLUSION
The prediction results of the number of Transjakarta’s passengers using the SARIMA model (0.0.0) (2.1.0)
[7] with x-factor proved to be quite good with a fairly small error, namely with of MSE = 162402173, MAPE =
2.6122 and MASE = 0.211698.. The results of these predictions can be used to add insight to PT Transjakarta. In
addition, this prediction can also be used by Jakarta Smart City to bring smart mobility closer to Jakarta.
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