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Abstract

The vehicle routing problem (VRP) is a combinatorial optimization problem faced by transportation services related to pick
up or delivery, such as industrial raw materials distribution, tour and travel, or travel routing problems in general. VRP is an
NP-hard problem where the higher the dimensions of the problem will have a higher computational complexity. Without
realizing it, VRP problem are often encountered every day. Therefore, it will be very useful if VRP solver is implemented in
mobile application media. Previously, the Google Map application also provided a feature for determining route problems,
but this did not solve the constraint problems that appeared in VRP. Therefore, the development of existing applications needs
to be done. So, the aim of this work is developing a mobile application to get the shortest path and minimal cost in VRP problem.
It is integrated by both Mapbox API and Google Maps API to get a real distance for modeling problem. The result show that
the developed application can run well in all possibility condition.
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1. Introduction

The vehicle routing problem (VRP) [1] is a problem in
determining the shortest route that can be taken on a trip
to several destination points and back to the starting
point by minimizing the cost of the trip. In general, the
VRP problem is another form of traveling salesman
problem (TSP) [2]. The problem is described by a
salesman who starts his journey from the starting point
then visits several cities and returns to the starting point.
So, the total distance traveled is a minimum and each
city is visited only once. Some VRP faced in real life
include in logistics (how to determine the best route to
take in order to be able to deliver ordered goods as
quickly and as much as possible), on tour services and
travel (how to minimize the time to pick up and deliver
travelers to their destination), and at supermarkets (how
to determine the fastest route to deliver groceries to
customers who shop online during the Covid-19
pandemic) and many others' problem exist.

Furthermore, the VRP is a combinatorial problem
which is an NP-Hard problem [3] where the higher the
dimensions of the problem, the computational time to
solve the problem will increase exponentially.
Therefore, the heuristic method [4] is used to obtain the
optimal solution of the VRP. The optimal solution is not
always the best solution, however, by considering the

computational time and the closest solution, this
heuristic method can be used to solve the VRP. VRP
became one of the most popular combinatorial
optimization problems, and it has many variations, for
instance, the research about Capacitated Vehicle
Routing Problem (CVRP) [5], Vehicle Routing
Problem with Pickup and Delivery (VRPPD) [6],
Vehicle Routing Problem with Time Windows
(VRPTW) [7], Dynamic Vehicle Routing Problem [8]
and many other combinations solution of VRP. Chen
stated that Vehicle Routing Problem with Simultaneous
Pickup and Delivery (VRPSPD) has been implemented
in the logistics of various aspects, for instance,
VRPSPD for home health care, transportation problem
of public libraries, and so on [9].

Based on the explanation, VRP problem are often
encountered every day. Therefore, it will be very useful
if VRP solver is implemented in mobile application
media to help us. If the development of this application
is successfully carried out, many benefits can be felt by
users. These benefits include being able to save time
when doing tours, being able to provide navigation on
the go, and saving on fuel costs because the route
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distance will be shorter. So, the aim of this work is
developing a mobile application to get the shortest path
and minimal cost in VRP problem. Later this
application will be used in logistic, tour and travel,
supermarket, etc.

Further, this app can be useful for marketing couriers
and tourists. Although it can help both activities, there
is a fundamental distinction between search routes for
marketing couriers and those for regular or tourist trips.
Here are the differences: In marketing, mobile apps
help one of the most important operational decisions
concerns to finding optimal vehicle routes since it offers
great potential to reduce time and to improve service
quality[10]. Whereas, mobile apps help to plan the
itinerary of a city bus catering to bus operators as well
as tourists by minimizing operation (mileage) costs
[11]. Besides that, by minimizing the routes, marketing
couriers can deliver more packages compared before
using mobile apps to minimize the routes. With more
packages to deliver to the consumers, couriers can get
bonus from its company because their work improved
than before. A map with a tour route recommendation
also extends the time spent by visitors at the area,
increases the number of tourist attractions visited and
the distance they would travel, while retaining the same
level of satisfaction as when they travel without the tour
route recommendation [12].

2. Research Methods

The main purpose of this research is to develop mobile
application for Android to solve VRP named “Circular
Route Optimizer and Finder”. In order to accomplish it,
this project focuses on determining if the development
of the mobile application can achieve the main purpose
of this research, determining if this mobile application
able to reach the users (i.e. salesman, etc), and testing
the functional of application to make sure it goes well.
The following sub sections will highlight the task taken
in order to achieve the main goal of this project. Figure
1 is a diagram that describes the research method.
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Figure 1. Diagrams for research methods

2.1 Data Acquisition Process

Found optimum
solutions?

Firstly, we design a system architecture describe the
interaction between data, application, user, and maps
service provider. Figure 2 shown the system
architecture design. First, the app starts with getting the
position coordinates using the Cellular Base
Transceiver Station (BTS) based GPS. It is used
because of its convenience and cheapness[13][14].
Users will search and select the destination locations in
the app. The app gets a list of locations that the user
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Figure 2. System architecture design
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wants to visit and search for the distance, route, time
duration, and other information that is needed using
Google Maps API Service. It is implemented because
this service is proven to be easy and has been widely
used [15]-[17]. After the data is obtained, it will be
processed and the problem is solved.

The application developed uses two map services at
once, namely from Mapbox by utilizing the Mapbox
API and from Google Maps by utilizing the Google
Maps API[18]. The data taken from Mapbox is in the
form of location points that form a route that connects
the (n) location with the (n+1) location. The location
points are in the form of location coordinates in latitude
and longitude[19]. While the data taken from Google
Maps includes: location name, location address,
location coordinates, further information from the
location selected with the help of Google Maps which
includes photos, location reviews from other users,
opening and closing hours of the location and other
information. can be provided by Google Maps.

The data that has been successfully acquired from the
map service provider will be stored into an SQLite
database available on Android mobile devices to be
used in calculating the shortest route. SQL.ite is used
because the android application will easily retrieve
temporary data entered by the user[20]-[22]. In the
SQLite database there is a table named node_list to
store the selected location data including data of nodes,
starting and destination points of the trip, the route
between the starting point and the destination, as well
as the distance between the starting point and
destination. Table 1 explain node_list table.

Table 1. Node List Table

Field Name Data Type Description

Node Text Saving name of two
connected points

Dist Double Saving distance between two
points of location

Points String Saving route that connecting
two points location

Srcloc String Saving latitude-longitude of
first point

Dstloc String Saving latitude-longitude of
last point

2.2 Business Process System

After the data is stored, the optimization process is
executed. The optimization process will be repeated
until the optimal solution is found. If the optimum one
has been found or the stopping condition is reached then
the route will be displayed through the plot on the map.
The results of this route plot are in the form of a
sequence of locations and also traversable road
navigation.

3. Results and Discussions
3.1 Interface Implementation

Interface application designed to give excellent user
experience for the user. The interface is designed as
simple as possible to be easily understood by the user
The application interface consists of three interfaces,
namely: a search and location selection interface, a
location selection refine interface, and a route
information interface. Here, in Figure 3 we show the
screenshots of the developed app with following
explanations.

3.2 Testing Result

Then, system testing is taken to see the effectiveness of
the android application that has been developed. The
test method used is white box testing method and the
black box testing method[23], [24]. The white box
testing method is used to verify the internal perspective
of system. While the black box is a method used to
check whether all functions on the interface can run. For
getting valid results, this test is carried out by experts.
Next, the test begins by compiling the business process
in a flowchart that summarizes all the possibilities of
how the system works. The application path can be seen
in Figure 4. First, we must specify the complexity value.
If E is number of edges, N is number of nodes, and M
is cyclomatic complexity value, then M is compute by
formula [25]:

M=E-N-2 (1)

So, based on the Fig. 3 above, the cyclomatic
complexity value is M = 18 — 15 + 2 = 5. The next
step is to generate all the paths that are formed when the
application is running. There are 5 paths that may be
traverse which is shown as follows:

1) Path1:1-2-3-4-6-7-8-9-10-11-15

2) Path 2: 1-2-3-4-6-7-8-9-12-14-15

3) Path 3: 1-2-3-5-6-7-8-9-10-11-15

4) Path 4: 1-2-3-5-6-13-14-15

5) Path 5: 1-2-3-5-6-13-14-2-3-5-6-13-14-15

Furthermore, Table 2 shows the test results white box
testing accompanied by an explanation of conditions
and expected results. The results show that every
possible path has produce the desired output. It can be
concluded that all test results are valid. Therefore, based
on this test, we can confirm that the system is well
defined.

DOI: https://doi.org/10.29207/resti.v7i1.4552
Creative Commons Attribution 4.0 International License (CC BY 4.0)




Benni Agung Nugroho, Abidatul Izzah, Kunti Eliyen
Jurnal RESTI (Rekayasa Sistem dan Teknologi Informasi) Vol. 7 No. 1 (2023)

¥ Comandan

Se sre !
Q, Search here Q_ bandar waroung X >

r Waroeng Q
©

Sumber Begendarig Q

@

@ BRIGIF 16 Wira Yudha '
PSDKU POLINEMA di '

Q -
Kota Kediri kampus 2

Circular Route Optimizer
e Lamen B”g" faactronons
Selomangkieng

[ Bandar waroeng

Dekat, Margosari, Banyakan, Kec. Banyakan, Kabupaten
Warkop Maspu Q Kediri, Jawa Timur 64157, Indonesia
111.9764744

’

Kost Bu Tik Q o
Warung Bombay
52.34+HXP, Bandar Lo, Mojoroto, Kediri Regency, East Java
64114, Indonesia
7818528499999999  112.007453
rumah makan putri
campa smatarunabrw [ warung suka

Gg. 01 JI. KH Wachid Hasyim No.21, Bandar Kidul, Kec
Mojoroto, Kota Kediri, Jawa Timur 63118, Indonesia

p Matahari Reger 8198962 12
* O Py [ warung Kukun Bandar

JLKH. Agus Salim No 2. Bandar Kidul, Kec. Kota, Kota Kediri,

[ @ < - O < B O 4

(@) (b) ©

4

. i 0. My Position (0)
Q. terminal x > W Selected Locations ©) p
| m
Sacniion ¥ 1. Location 1 (1)

Barokah Ol o 9 unkr:uwnm

2362m

4 19 5409 o
Makam Syech Bendungap-ary 2. Location 3 (3)
Abdullah Mursyad Turi Gampa\ejo Location 2
Unknown address @
7938060666627065 11.98560260236263 3. Location 4 (4)
'NJA”N PSDKU Universiias (orsien ED
Brawijayaikediri Uﬂ:ma:m -oaven” . : 4. Kediri Bus Terminal (7)
1414655406346 97250 716 yakan'
0 y Total Route Length : 26 kilometer 898 meter
0 Resto'Keboe Location 4 Travel Duration : 0 day 1 hour 20 minute 24 second
uhammadiyah Unknown address
' Ahmad Dahlan B s el e P = Unvmc
ivers
BrawijayaKediri
3elomangleng ' Coconm@ Bender Waroeng
Dekat, Margosari, Banyakan, Kec. Banyakan, Kabupaten RS Muhammadiyah
9 Kedir,, Jawa Timur 64157, Indonesia Afimad.ahlan Q QR 1
’ 1119764744 E 95@‘“'
' Taman Brantas o
ook Pasantre Q OKE Alun-Alun Kediri
Lirboyo Kediri a JI. Panglima Sudirman, Kp. Dalem, Kec. Kota, Kota Kedirl 1
Jawa Timur 64129, Indonesia
7. 826687199999999 12.01105 0 conul@
Alun-Alun Kota Kediri Q manglehg
Kediri Bus Terminal
Ji. Semeru No.55, Semen, Campurejo, Kec. Mojoroto,
GORSabaye Kedin 9 Kabupaten Kediri, Jawa Timur 64116, Indonesia 3
vTaman Ng/ 7.828758400000001 111.9843097 e B (
Pondok Pesantren 9 Lirboyo Kediri (%]
Murottilil Quran Kodran
Kediri
Pasar Jabang O o Alun-Alun Kota KedinN'g

3 mrsssome

@ 1o m - Clear =) Route Finder GOR Jayabaya Kediri 9
o 85 | ocations List and Optimizer

Soogle Taman Naronaao Kediri °
u @ < W ® < = @ <
(d) (e) ®

Figure 3. (a)Splash Page (b) Current Location (c) Pinned
Location by Search (d) Result of Searching Location. Purple
Color by Pinned, Blue by Search (e) List Location (f) Route

generated (as result of computation)

DOI: https://doi.org/10.29207/resti.v7i1.4552
Creative Commons Attribution 4.0 International License (CC BY 4.0)

30



Benni Agung Nugroho, Abidatul 1zzah, Kunti Eliyen

Jurnal RESTI (Rekayasa Sistem dan Teknologi Informasi) Vol. 7 No. 1 (2023)

Input
destination

Retrigve pinned
destination

®7

Show the search

result

Click “Rezet”

click button
“Hext”

{ 8 F—
show marked

| node a3 szlected

Click “Clear
Location List™

¥E5

Figure 4. System Flow

Repeat?

Table 2. Node List Table

destination

calculate
the route?

Click "Route
Finder and
optirnizer”

Display the WRP
shortest route

Table 3. Functional Testing Result

Condition Expected Result Status Number Test Case Condition Status
User inputs location Route optimization Valid 1 Open system User can open the Valid
data with text search results will appear android apps by
then route optimizer is selecting the icon
executed then the splash screen
User inputs location The data list will Valid and homepage appear
data with text search appear but then 2 Enter multiple  Users can enter Valid
then route optimizeris  return to the destinations multiple
cancelled. homepage by both destination data
User inputs data with Route optimization Valid searching or by searching in
pinned the location results will appear picking database or
then route optimizer is directly picking
executed them from the
User inputs location The data list will Valid map
data but then resets appear but then 3 Verify User can see a Valid
and cancel return to the destination list  list of input data
homepage as well as delete
User inputs location  After canceling, app  Valid some
databutthenresetsand  can repeat from the unnecessary by
repeats it from the beginning unchecking
beginning 4 Reset data User can delete Valid
all data and
return to the
From the above, it indicates that the system flow is homepage
clear and valid. Now we will test the functional 5 Calculating Android app run Valid
capability of the system based on black box testing. the shortest  the GA, PSO, or
. . . . . . route Hybrid PSO-GA
This test is carried out without recognizing the ins and method
outs of the system. This test is sufficient to verify the 6 Show the User can see a Valid
running of functional requirements. route map map of the
result shortest route in

sequence which
can be started to
visit
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Furthermore, application testing by user is needed.
User testing was conducted to assess and validate the
performance of the application. Therefore, a survey
method was carried out with an online questionnaire.
Previously, it has been uploaded to the play store under
the name “Circular Route Optimizer and Finder” so
that correspondents can download it. By questionnaire,
the respondents assess the performance of the
application based on their respective experiences. The
questions we ask are

a. Isthe route recommendation displayed by the app
clear and easy to understand?

b. Is it easy to add/delete location points?

c. Does the app provide route recommendations
quickly?

d. Can the app display location search result
exactly?

e. Can the app display your exact position?

And the survey results are presented in Figure 5.

Response Result

. 15.87%
84.13%
I 3.17%
96.83%
. 15.87%
84.13%
I 7.94%
92.06%
I 3.17%
96.83%
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M Yes

Survey Questions

o
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Figure 5. Overall survey result

A number of questions in the questionnaire given to
users are actually evaluated to determine the ease of
use (a and b), efficiency (c), and effectiveness (d and
e) of a software application. Based on the result of 63
respondents who participated, initially, 96.83% of
them choose ‘Yes’ indicating the app is able to display
their exact position. Next, 92.06% of the respondents
choose ‘Yes’ indicating the app is able to display
location search result by name exactly. So, it shows
that users can easily run the features in the apps such
as searching for the current location, searching for
destination locations, and route recommendation
results. Next, 84.13% of the respondents choose ‘Yes’

indicating the app provide route recommendations
quickly. Thus, the application is proven to be able to
work in the application without requiring a long time.
This is preferred because it is suitable for use in real
time while in the vehicle. Next, 96.83% of respondents
choose ‘Yes’ indicating that they were able to add new
location points or delete location points easily. Finally,
84.13% of respondents choose ‘Yes’ indicating that
they understood easily about route recommendation
information displayed by the application. Then from
these results, it shows that the purpose of application
development has been successfully carried out, namely
to provide the best and most accurate routes so that the
problems raised earlier can be resolved.

4, Conclusion

This research is about a software development in
Android mobile application which starts from design,
implementation, and testing. In this study, application
named “Circular Route Optimizer and Finder” was
developed to solve the VRP problem by integrating
Mapbox APl and Google Maps API to provide an
optimal route. Furthermore, a series of tests have been
carried out by users and experts by black box and white
box testing method. The result show that the developed
application can run well in all possibility condition.
Then, user experience testing with 63 respondents
carried out gave valid results that indicates the system
development is done well. At the end of this study, we
hope that the application can be used by users who need
to solve the VRP problem. It also has been uploaded to
the android play store under the name “Circular Route
Optimizer and Finder”. Finally, this similar application
has also been developed and available in the Google
Playstore with various services. Therefore, for further
research, a comparisons study about applications can
be made to find the advantages and disadvantages.
Thus, it can be obtained which applications are
superior and in demand by users.
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