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Abstract

Modeling is one important parts in designing a product or a service system. It aims to reduce the cost and
minimize the improper of early production/service stage that could be ended by high loss of economic value.
Process modeling of bus service is required to obtain proper information regarding number of buses required
based on the prediction number of passengers and time consumes. This paper is aimed to investigate the very
early stage of bus service modeling using Visual Basic Excel Program. The result shows that the model system
that using five inclusive sheets programming for covering the main item in the bus service system is sufficient to

represent the real condition in the practical condition.
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l. INTRODUCTION

Modeling is an important part of process
design of a product or a service [1]. Modeling
could avoid an economic losses due to improper
design [2]. There are many product and subjects
have involved modeling part in their studies, for
example; modeling and simulation on fluid
flow on vortex [3], modeling of electric
machinery control [4], modeling of SMES
application in smart grid system [5] and
modeling of Wind Turbine Generator [6].

Buses services are the most important in the
residential city. As a public transport it plays an
important role in human activities [7].
Therefore, it is pivotal to design the process of
bus service in picking or dropping passengers.

The purpose of modeling the bus services is
to determine whether the number of buses
operating is suitable with the number of
passengers. This is to allow for future
enhancement of the currently implemented
system.

This is done by observing the delay time of
each passenger. An example of a scenario of
which such model observations would be
applicable would be as follows: In the process,
the number of bus services available has to be
added if the currently available services cannot
accommodate the huge number of passengers
who needs to catch the buses. This would allow
for the bus services to achieve effectiveness and
efficiency.

Il. METODE PENELITIAN
In this model, the number of buses to stop

and pick up the passengers is three: Bus 101,
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bus 102, bus 103. All the buses have different
routes and destinations. The simulation of this
model was done by using Visual Basic in Excel.
There are 5 sheets in this modeling:

1 Input Sheet, where the initial data is
entered for the whole process.

2 Match Pass Bus Sheet. In this sheet, the
calculation of time for passenger arrival
is not written in this sheet (it is written
in the “Simulation Sheet”). The filtered
id passenger with the bus to be caught is
recorded in this sheet

3. BusProcess Sheet. All bus processes are
calculated and recorded in this sheet.

4. Time Depart Sheet, where In this part, we
are going to see departure time of every
passenger and as previous sheet, all
information are grouped according to
the bus number.

5 Simulation Sheet. In this final sheet, we
can see id passenger, arrival time, bus to
be caught by the passengers, bus service
order for each bus, the time the
passenger will depart and delay time of
each passenger.

. RESULT AND DISCUSSION

1 Input Sheet

Input sheet is aimed to input all the data
required for this modeling, which can be
changed by another set of data and see the
difference. As can be seen from the figure
below, the number of passengers that arrives at
the bus station platform A is 50 passengers per
hour or 0.833 pass per minute.
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The total number of passengers simulated
in this modeling is 600 passengers and the
maximum number of passengers that can be
entered is 1000 passengers (according to the
Visual Basic dimension) but if the number of
passenger is higher then 600, it will result a
delay time in “######” form of simulation
sheet, it means that the passengers actually were
not picked up.

All passengers are assumed to be obeying
the queuing process. Assisted value is added to
the sheet to determine the bus to be caught by
the passengers using normal distribution. The
number of passengers that is allowed to enter
the bus also needs an assisted value with
normal distribution. The number of passengers
that is allowed to enter the bus depends on the
number of seats available and the space that is
available for standing after other fellow
passengers gets off the bus.
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Figure 1. Model of Input Sheet.

In this sheet, the time variance is also
determined to calculate the arrival time of the
buses. This is to determine the frequency and
punctuality of the buses. Determining the
precise timings of the buses that are on time are
not easy to achieve as the precise timing used in
this modeling is of the time format in hour:
minute: second.

For example: the scheduled time of arrival
for bus 101 is at 9:00:00 AM, and with time
variance of 00:00:01, it is determined to be late.
Therefore, the bus is not on time even if the
difference is by 1 second.

The time schedules for the buses 101, 102
and 103 are also determined here and they have
20 minutes interval. The number of bus
services in this modeling is 37 services and it
finishes at around 9:00:00 PM. It is decided in
this sheet that the average time of the first
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passenger to come to the bus station is at 8:50
AM, so the modeling can now be measured.

The time unit in this sheet is one minute
and the average time for ticketing service for
each passenger on the bus is 20 second.

To run this process modeling, you can
simply press the “Run Simulation” or simply
press CTRL+Q in your keyboard. You can also
have access to every single sheet by clicking on
the blue box for sheet selection on the right side
of this sheet.

2 Match Pass-Bus sheet

In this sheet, the calculation of time for
passenger arrival is not written in this sheet (it
is written in the “Simulation Sheet”). The
filtered passenger id with the bus to be caught
is recorded in this sheet. As can be seen from
this sheet, all id passengers for bus 101, 102 and
103 are reallocated together with their arrival
time. The first column is for id passenger and
the second column is for arrival time of
passenger using continuous random event. To
convert it to real time in o’clock, it needs to be
multiplied with time unit and added to the
average time that the first passenger comes to
the bus station as can be seen in the third
column.

Arrival Time in O’clock = Arrival Time x Time
Unit + 8:50 AM

~ B o o E F 5 W1 J <
- Process Modelling of Bus Services
1
¥ Data for Input @) Data for Bus Process 3 Data for Departing Time ) Back to Simulation Sheet
2
3 Bus 107 Bus 102 Bus 103
Pass # | avival Time| A2 T | pacc g [ mrival Time| A7 e | { oo g [ mpival Time| A7 Time

4 ioelock) {oelock) {olock)
& < T | GBIl AM [ 042 | G505 AW El T | BRI AM
5 =& 78| BETIT AM 2 070 | 6504z A 7 537 | E5e22 AM
7w 904 | GE9.08 AM 5 345 | 85328 AM 3 592 | Gome5 AM
& » 1501 | BOS00 AM B 535 | 88521 AM 1 TART | 90448 AM

5 13 1464 | 30430 AM 11 1112 | 90107 AM 15 B3| 30513 AM
o s 1605 | 30605 AM 2 215 | 31209 Am 18 1797 | 9:07:58 AM
o 1733 | 50720 AM 21 217 | 3120 am 23 2098 | 91058 AM

1z 19 2124 | a1114AM % 2904 | 313m AM 2 263 | 91620 AM
3 = 2019 | 91411 AM Fil ;A7 | 9200 AM 2 264 | 92238 AM
4 2681 | 91850 AM 28 | 92023 Am 3 W | 97616 AM

5 3675 | 92545 AM 34 mE | 83017 AM S mos | o3nar Am
e = BE | 92831 AM £ 4340 | 93324 AM 7 4250 | 93237 AM
7 3665 | 92839 AM kel 4342 | 93308 AM 3 4548 | 93529 AM
B = 121 | 93112 AM n 521 |B3812AM I B0 | 93802 AM
3 m 4385 | 93350 AM I 5122 |24113AM & 5151 | 94055 AM
[ . 2489 | 93054 AM 7 5155 | 94133 AM bt 58.83 | 9:43.50 AM
21 m 1GE5 | GIBET AM 51 G178 | ata7 Am 52 8377 | 95348 AM
G 6033 | 95056 AM ] 7022 [10:00:13 AM B BEER | 95650 AM

Figure 2: Match the passenger with bus to be caught

As mentioned before, all data of the id
passenger, arrival time and arrival time in
o’clock are recorded or written in simulation
sheet and then filtered in this sheet.

3. Bus Process sheet
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All bus processes are calculated and Bus 103
recorded in this sheet as depicted in figure a, b us Serice| 1 o | e | g |Tme Varan| ArivaiTime o e
and c. The first column is a column for bus oreer Varent e D
service order (from scheduled service 1 until S ohna| e lometmal ba || e
service 37). The number of services for all § H0n00 | st |ComecEmie| 063 | dowzam | 8
buses is set up to serve passengers from 9:00 o e e I B A
AM to 9:00 PM for bus 101, from 9:10 AM to 7 |111500AM| 4.91 [Comes Eadier| 0454 | 11.10.06 AM 12
9:10 PM for bus 102 and from 9:15 AM to 9:15 o |izeoomu| 070 | Comeaime| ond2 | 1itsioaw | o
PM for bus 103 everyday. 1 |123600PU| 039 |comeetale| 003 | 123mAu | 6
As can be seen in column 2, information P15 PM | 255 [Comen Extier| W23z | TiizaieM |6
about the time schedule for each bus services o |issoven | 111 | Comesiae | 0105 | Oissopew | 78
are available to determine whether the bus 16 [Z1B00PM] 329 | Comesate | 0347 | C21517PM 18
comes early or comes late. ¢. Bus Process for 103
_Tlme_va“ance_ls sitting In COlun_m 3 Tl_me Figure 3: Bus Process of all buses in platform A
variance is determined by normal distribution
event. It is aimed to determine the status ofthe Arrival time is then calculated by summing
bus. If time variant is in the (-) mark, then the the bus schedule with its time variance. It is
status of the bus is coming earlier from its placed at column 6.
schedule. If time variant is in the (+) mark
(which is not written in the spread sheet), then
the bus is coming later than its schedule, Arrival Time of Bus = Bus Schedule — Time
therefore, the status of the bus is written in variant (for status bus: comes earlier)
column 4.
To make the calculation easier, the time Arrival Time of Bus = Bus Schedule + Time
variance is then converted to real time in min : variant (for status bus: comes late)

sec as can be seen in the column 5.
To determine the number of passengers that

Real Time Variant = Time variant x Time Unit is to be allowed to enter the bus, normal
distribution event is also applied in this
calculation. It is assumed that the number of

{7 Data for Input (") Data for Match Pass-Bus ("3 Data For Departing Time (@ Back ko Simulation Sheet passengers that iS allowed tO enter the bUS iS
- — T e dependant on the number of seats and space to
gemice | MET0 | v | S | By | B stand after the other passengers get off from the
— e e ) (e bus. Information about this is written in column
2 9:40:00 AM 272 Comes Earlier [ 00:02:43 | 09:37:17 A b 7
3 10:10:00 AM -1.79 Comes Earlier [ 00:01:47 10:08:13 A 5 *
4 10:40:00 AM -3.07 Comes Earlier [ 00:03:04 10:36:56 A 15
) 11:10:00 AM -1.86 Comes Earlier [ 00:01:51 11:08:09 AM 17 A
o[ on jemetnel mre s 4 Time Depart sheet
5| TAGO0PM |50 | Comas Eailer| 0001 | idese M| 14 ~In this part, we are going to see departure
10 1:40:00 PM 092 Cores Late 00:00:55 01:40:55 P 16 tlme Of every passenger and as prev'ous Sheet,
a. Bus Process for 101 all information are grouped according to the bus
Fus 102 number, e.g., Bus 101, 102 and 103. Column
s Serico| 1o | T | e [T Varan | A Tme o | pass arenes | ONE S 1d OF passenger which is followed by their
orcer Varart | oo e =R arrival time in the second column. All of this
T [ Toow | in [Geoe oo |oonm| n | datmarereferringtothe previoussheet. The third
& | IGGSAM | 144 | Commes atir Tiow | wwesenM |16 column is filled with the matching bus order
& T IDS000AM | 510 |Comee Enter| 0506 | 104454 AM |5 with every passenger, so the bus driver will
5[ 100am | 531 |Comectuia| osus | dtorsam| 8 allow them to enter the bus when two
9 11:50:00 AM 1.05 Comes Late 01:03 11:51:03 AM 15 s -
10 121000 PM | 643 | Comeslae | 0626 12.16.26 PM 10 conditions are fulfilled.
" 12:30:00 PM 225 Comes Late 02:15 12:3215 PM 1 . ay. . . .
2 125000 PM | -040 |Comes Eatier| 0024 124936 PM 5 - First condition: Arrival Time of passenger
13 1:10:00 PM -0.75 Comes Earlier 00:45 01:09:15 PM 4 . .
14 1:30:00 PM 067 | Comes Late 00:40 01:30:40 PM 5 IS |eSS or at |eaSt equal to the expectedtlme
15 1:50:00 PM 5.02 Comes Late 05:01 01:55:01 PM 10

that the bus will depart.
b. Bus Process for 102 - Second condition: The Number of
passengers allowed to enter the bus
So, even though the time when the
passenger arrives at the bus stop is less or the
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same with the time when the bus is expected to
depart, they have to see whether there are
available seats or space to stand..

Ticket service time in column four is
calculated as below:

Ticket service time = Arrival time of bus at
platform + number of passengers getting on *
average ticket service

|

" Data for Input (@ Data for Match Pass-Bus ) Data for Bus Pt
2
3 Bus 101
£ Id_pass | Arrival time Bus Senice in T.ICkEt. Time Depart
5 order Serice Time
B | 2 08:53:23 AM 1 9:09:13 AM | 9:13:20 AM
7 3 08:54:28 AM 1 9:09:33 AM | :13:20 AM
8 | 9 09:05:09 AM 1 9:09:53 AM | :13:20 AM
9 | 15 09:11:35 AM 1 9:11:55 AM | 9:13:20 AM
10 17 09:13:00 AM 1 91320 AM | :13:20 AM
1|20 09:17:10 AM 2 9:35:12 AM | 9:38:32 AM
12 N 09:17:55 AM 2 9:35:32 AM | 9:38:32 AM
13| 23 09:22:25 AM 2 9:35:52 AM | 9:38:32 AM
a4 24 09:23:18 AM 2 9:36:12 AM | 5:35:32 AM
15| 28 09:23:23 AM 2 9:36:32 AM | 9:38:32 AM
16| 30 09:28:45 AM 2 9:36:52 AM | 9:38:32 AM

a. Departure time of passengers of bus 101

=L
.

icess  &_yBack ko Simulation Sheet

Bus 102
Id_pass Arrival time Bus fredr::ce n T\ckeTt":zrwce Time Depart
4 08:55:19 A 1 59.23:50 AM [ 9:25:30 AM
5 05:66:15 Abd 9:24:10 AM | 9:25:30 AM Group of

13 09:09:53 AM 9:24:30 AM [ 3:25:30 Al passenger
14 09:10:29 A 9:24:50 AM [ 9:25:30 Al depart
16 05:11:39 AM 9:25:10 Ah | 9:25:30 AM together

18 09:14:19 AM
41 09:42:51 AM
42 09:45:00 A
45 09:45:29 AW
47 059:52:44 AM
58 10:07:21 Ak

9:25:30 A | 9:25:30 AM
9:49:08 AM | 9:53:04 AM
9:49:28 AM | 9:63:04 AM
9:49:45 Ad | 9:53:04 AM
9:53:04 Ad | 9:53:04 AM
T0:19:18 Al [10:20:30 A

[TTI LT Y U PR PR P

b. Departure time of passengers of bus 102

Ticket service time here can also be defined as
time when the bus is expected to depart

Expected time the bus will depart = Arrival
time of bus at platform + number of
passengers getting on * average ticket service
time

http://dx.doi.org/10.31963/elekterika.v2i1.2101
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Bus 103
Id_pass | Arrival time Bus Senvce in TICkEt.SENICE Time Depart
order Time
1 05:50:21 A 1 9:24:52 AN | 9:29:12 AM
] 058:55:43 A 1 9:26:12 AM | 9:29:12 AM
7 058:59:35 A 1 9:26:32 AM | 9:29:12 AM
g 05:559:46 A 1 9:26:52 AN | 9:29:12 AM
10 09:07:15 A 1 9:26:12 AW | 9:29:12 AM
11 09:07:57 A 1 9:26:32 AN | 9:29:12 AM
12 05:058:56 A 1 9:26:52 AN | 9:29:12 AM
19 059:16:49 A 1 92712 AN | 9:29:12 AM
22 05:18:35 A 1 9:27:32 AM | 9:2912 AM
25 09:23:19 A 1 92752 AM | 9:29:12 AM
27 059:25:00 A 1 9:28:12 AN | 9:29:12 AM
28 059:25:32 A 1 9:28:32 AM | 9:29:12 AM
29 09:27:11 A 1 9:28:52 AM | 9:29:12 AM
31 09:25:48 A 1 9:29:12 AWM | 9:29:12 AM

c. Departure time of passengers of bus 103

Figure 4. Departure Time process

The number of passengers getting on here
refers to the final number of passengers allowed
to enter the bus after fulfilling those two
conditions that we discussed before.

Average ticket service is the average time
required to serve the passengers with their bus
ticket by the bus driver or special machine for
ticketing.

Column for “departure time” is the time the
bus will depart after serving all passengers who
get on the bus. As can be seen from figure 4, in
column 5, a passenger who departs with bus
order one will depart until all eligible
passengers have been serviced. Have a look at
the arrow signal.

5 Simulation sheet

In this final sheet, we can see id passenger,
arrival time, bus to be caught by the passengers,
bus service order for each bus, the time the
passenger will depart and delay time of each
passenger.

All of the data here comes from another
sheet (re-filter) except id passenger and arrival
time in column one, two and three respectively.
The delay time is determined by:

Delay Time = Time passenger depart — Arrival
Time in bus station platform A
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@ Data for Input () Data for Match Pass-Bus  {_ Data for Departing Time {7 Data for Bus Process

2

Ayrival Time Bus to be | Bus Senice | Time Pass. .

5 Pass #| Arrival Time (O'clock) caught Order £ Depart Delay Time
41 042 8:50:25 AM 102 1 9:09:09 AM 00:18:44
5| 2 0.70 8:50:42 AM 102 1 9:09:09 AM 00:18:27
6| 3 127 8:51:16 AM 103 1 9:16-40 AM 00-25:23
7| 4 202 8:52:01 AM 101 1 9:06:25 AM 00:14:24
8| 5 346 8:53:28 AM 102 1 9:09:09 AM 00:15:41
9 6 535 85521 AM 102 1 9:09-09 AM 00-13:48
107 6.37 8:56:22 AM 103 1 9:16:40 AM 00:20:18
M| 8 7.29 8:57-17 AM 101 1 9:06:25 AM 00-08:07
12] 9 8.92 8:58:55 AM 103 1 9:16:40 AM 00:17.44
13| 10 9.14 6:59:08 AM 101 1 9:06:25 AM 00:07:16
14 1 1112 9:01:07 AM 102 1 9:09-09 AM 00-08:02
15| 12 13.01 9:03:00 AM 101 1 9:06:25 AM 00:03:24
16 13 14 64 9:04:38 AM 101 1 9:06:25 AM 00:01:47
A7) 14 14 81 9:04-49 AM 103 1 9:16-40 AM 00-11:51
18| 15 16.08 9:06:05 AM 101 1 9:06:25 AM 00:00:20
18( 16 16.31 9:06:18 AM 103 1 9:16:40 AM 00-10:21
20| 17 17.33 9:07:20 AM 101 2 9:19:10 AM 00:11:61

Figure 5: Simulation sheet

V. CONCLUSION

The purpose of this project is to determine
whether the number of buses operating is
suitable with the number of passengers. From
this modeling, the design of the bus operation
system could achieve the best service for the
public.
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