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Abstract— Medical service has become important aspect
nowadays. When we have an emergency condition, we are often
confronted with unknown variables such as travel distance and
time of the medical services near us. This paper aims to develop a
location-based service for medical purpose, which considers two
major variables: travel distance and time. This system is using
Haversine algorithm to find medical services around us within a
certain radius. Then using Google Map API to calculate travel
distance and time. TOPSIS algorithm is used to determine the best
option for the results. By using this method, the whole system
shows this research result give better method in decision making
over previous studies.
Keywords— Medical service, Location-based service, Google
Maps API, Haversine, TOPSIS

I.
INTRODUCTION
This research is trying to help find the nearest medical
services around us. Medical services can be a hospital, clinic, or
PUSKESMAS (small size of health center owned by the
government). The availability of information about nearby
medical services is urgently needed by people in densely
populated areas such as in big cities that are closely linked to
congestion [1] [2]. This is an essential factor in determining
which medical services we will choose.
This research utilizes GPS (Global Positioning System) and
relies on the location-based feature using latitude and longitude.
GPS has been integrated with Google Maps API. The system
will detect our coordinate location based on latitude and
longitude, then show the conditions around us about the
availability of medical services [3] [4].
The presence of this study is expected to provide information
quickly and accurately regarding the determination of a nearby
medical service using TOPSIS algorithm [5]. Emergencies can
happen anytime and anywhere [6]. The best decision is needed
in emergency situations, but frequently when we have
emergency conditions, we cannot think logically. This is the
reason why we do this research.

II.

LITERATURE REVIEW

A. Previous Research
In 2016, Sheng-Yuan Yang and Chun-Liang Hsu have
developed a location-based service for tourism information by
using an image recognition technology and Google Maps API.
Their research is integrating components including a
QR/Barcode reader, smartphone GPS, and cloud database to
obtain required web services [7].
Bo Zhang, Jin Peng and Shengguo Li in 2017 did a research
on a location-based problem for emergency services such as
ambulance and fire department. Their research utilizes
unpredictability theory to find the location problem of
emergency services within an unpredictable environment. Their
study aims to obtain the most excellent locations for emergency
services so that certain service-level targets are optimized [8].
In 2014, András Király and János Abonyi researched a
logistic problem by using Google Maps API and MATLAB to
gives a complete framework for travel time, distance calculation,
visualization, and primary routes definition [9].
Tauhidul Alam and Rajib Chandra Das in 2014 did research
using OpenStreetMap and Haversine algorithm in medical
assistance system. They use central database system for
gathering detail information of healthcare centers [10].
The primary focus of this research is to determine which
medical service location will be chosen based on some criteria
including location radius, travel distance and time. The system
will automatically give the result from the decision ranking
automatically, so we do not need to think about which hospital
will be chosen. When we have an emergency situation, we
frequently can not think logically.
B. Haversine Algorithm
The Haversine algorithm is used to obtain the distance
between two different points on the Earth’s surface using
latitude and longitude as variables. This algorithm can be
defined as:

(1)
3. Obtain the positive ideal solution (𝐴 ) and the negative
ideal solution (𝐴 ):
Note that d is the distance and r is the radius of the earth
(6367 km), while ϕ1 and ϕ2 are latitudes and λ1 and λ2 are
longitudes [11].
C. TOPSIS Algorithm
TOPSIS (Technique for Order of Preference by Similarity to
Ideal Solution) algorithm is a multiple-criteria decision-making
algorithm. This algorithm was first developed in 1981 by Yoon
and Hwang. This algorithm is determining the possible solution
based on the shortest distance from positive ideal solution and
the furthest from negative ideal solution. The possible solution
generated by TOPSIS is not merely considering shortest to the
theoretically best but also furthest from the theoretically worst
[12].
The primary procedure of the TOPSIS algorithm process
flowchart [13] [14] [15] can be described as shown in Figure 1
below:

𝐴 = (𝑣 , 𝑣 , … , 𝑣 )
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(5)

4. Obtain the value of distance from each alternative to
positive ideal solution (𝐷 ) and negative ideal solution (𝐷 ):
(6)
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5. Obtain the relative closeness to ideal solution (𝐶 ):
𝐶 =

𝐷
𝐷 + 𝐷

(8)

e = 1, 2, …, m
6. Rank the alternatives based on 𝐶 values.

Fig. 1. Flowchart of step by step process of TOPSIS Algorithm

The TOPSIS algorithm comprises of the following steps:
1. Normalize the matrix of decision:
𝑥
𝑟 =
∑ 𝑥

III.

2. Obtain the weighted normalized decision matrix:
= 𝑟 ∗ 𝑤

e = 1, 2, …, m ; f = 1, 2, …, n

API key is required to embed Google Maps in specific
website or application. We must have a Google account to use
this service and generate an API key.

(2)

e = 1, 2, …, m ; f = 1, 2, …, n

𝑣

D. Google Maps API
Google Maps API is a robust mapping platform service
created by Google. The developers can integrate this mapping
service into their application or website. This service also can be
integrated with developer’s data. This service has information
about imagery and detailed street [16]. It is also possible to
obtain distance and estimated travel times data.

(3)

PROPOSED METHOD

There are five main stages as shown in Figure 2 including
system design and prototype, data collection, calculate using
Haversine algorithm to get the list of possible results within a
certain radius, obtain travel distance and travel time data using
Google Maps API and calculate using TOPSIS algorithm to
ranking the possible outcomes.

A. Calculation using Haversine Algorithm
The next stage of the experiment is to obtain the list of
possible results by using Haversine algorithm based on equation
(1). Table 1 below is the example results from the first
experiment. The first experiment takes a point from coordinates
-7.304533, 112.75436.
TABLE 1
SAMPLE DATA OF TESTING RESULT USING HAVERSINE
ALGORITHM

Fig. 2. The complete framework of the Proposed Method

The researchers collect data of hospitals in Surabaya from
the official city government website of Surabaya [17], then
determine the location coordinate (latitude and longitude) of
each hospital using Google Maps. Those data are stored in
MySQL database.
Then the researchers using Haversine algorithm to obtain the
list of the nearest hospitals within certain radius by calculating
the distance between specified location (latitude and longitude
coordinates) and hospital location.

B. Getting Data from Google Maps API
After getting the value of radius by using Haversine
algorithm from the previous stage as shown in Table 1, then
proceed using Google Maps API to obtain travel distance and
travel time data. The example results of this stage are shown in
Table 2. Table 2 contains 3 data including radius, distance and
time. These data will be used as input for next stage.
TABLE 2
SAMPLE DATA OF TESTING RESULT USING
GOOGLE MAPS API

From the list of search results above, then performed the
travel distance and estimated travel time calculation by using
Google Maps API features.
Furthermore, the researchers get three data: radius, travel
distance and travel time. To determine which the best hospital
option is by calculating using TOPSIS algorithm after we get the
best option.

IV.

EXPERIMENT

Before experimenting, the researchers prepare the MySQL
database equipped with data of hospitals in Surabaya. The data
including the name of the hospital, address, and coordinate
(latitude, longitude).
For this stage, the researchers have experimented as many as
20 times. Each test is performed from different coordinate
points, so the results of the test are varied.

C. Calculation using TOPSIS Algorithm
Before performing the calculation using TOPSIS algorithm,
the researchers are firstly weighting each criterion. The criteria
used are radius (C1), distance (C2) and time (C3). Each criterion
weight is shown in Table 3:

TABLE 3
WEIGHT OF CRITERIA

TABLE 6
WEIGHTED NORMALIZED DECISION MATRIX

The next step is preparing data for TOPSIS calculation. Here
is the sample data obtained from the experiment. The data as
shown in Table 4 is simplification from Table 2.
TABLE 4
SAMPLE DATA PERFORMED FOR TOPSIS CALCULATION

3.

Obtain the positive ideal solution (A+) based on
equation (4) and the negative ideal solution (A-) based
on equation (5). This step use data in Table 6 as input.
Furthermore, the results of this step are shown in Table
7.

TABLE 7
POSITIVE IDEAL SOLUTION AND NEGATIVE IDEAL SOLUTION

Furthermore, the TOPSIS calculation is performed as
follows:
1.

4.

Obtain the normalized decision matrix based on
equation (2). The calculation is generated from data in
Table 3 and Table 4. The results of this step are shown
in Tabel 5.

TABLE 8
DISTANCE OF EACH ALTERNATIVE

TABLE 5
NORMALIZED DECISION MATRIX

2.

Obtain the weighted normalized decision matrix based
on equation (3). The calculation of this step which is
generated from Table 5 is shown in Table 6.

Obtain the distance value of each alternative to the
positive ideal solution (A+) based on equation (6) and
the negative ideal solution (A-) based on equation (7).
The calculation in this step is generated from data in
Table 6 and Table 7. The results of this step are shown
in Table 8.

5.

Obtain the relative closeness to the ideal solution of each
alternative based on equation (8). This step use data in
Table 8 as the input. Furthermore, the results from this
step are shown in Table 9.

TABLE 9
VALUE OF PREFERENCE EACH ALTERNATIVE

E. Results Comparison Using Proposed Method versus
Human Assessment
The researchers also compare results for the first rank option
from proposed method and human choice. The results of this
comparison are shown in Table 11.
TABLE 11
RESULTS COMPARISON BETWEEN PROPOSED METHOD VERSUS
HUMAN ASSESSMENT

For this case, the experiment uses the lower value for higher
rank because this case is about to find the lowest value of radius,
distance and time for the best option.

D. Results Comparison Using Haversine versus Google Maps
API + TOPSIS
From 20 experiments performed by the researchers, each
experiment generates ten best possible results. Then the
researchers perform a comparison between results generated by
Haversine (previous method) and results generated by Haversine
+ Google Maps API + TOPSIS (proposed method). The results
generated by Haversine are sequential starting A1, A2, …, A10.
For the first rank position, there are only 50 % where the
results of both methods above are similar. Then the researchers
compared all rank position from both methods as shown in Table
10. There are only 28.5 % of the results which are similar.
TABLE 10
RESULTS COMPARISON BETWEEN USING HAVERSINE VERSUS
GOOGLE MAPS API+TOPSIS

From the Table 11, there are 19 results are similar to the
proposed method and human choice, and only one result is
different between both methods. In other words, the results
obtained using the proposed method by the researchers is 95 %
similar compared to the human choice.

V.

CONCLUSION

A. Experiment Result
The proposed method gives various data from 20
experiments, so the results of this research are varied. By using
the proposed method, there are more data can be obtained
including radius, travel distance, and travel time. So, each data
becomes deciding factor in best decision making.
The small value of radius is not always indicating short travel
distance to reach a particular location since the travel distance is
calculated based on path traveled, not straight line drawn from
two points. So, the value of travel distance gives a considerable
influence in the decision-making process.

Furthermore, small distance values are not always followed
by short travel time. In some experiment, there is some longer
travel distance but shorter travel time. This condition usually
caused by congestion on the road.
This research shows that by using three factors including the
value of radius, travel distance, and travel time, the results of the
decision-making process will obtain better decision rather than
only consider the value of radius. Furthermore, the proposed
method by the researchers has 95 % similarity with human
choice.

B. Future Work
There is always a room for improvement in the future. For
example, this proposed method can be integrated with other
Google Maps API features such as traffic direction, traffic
congestion, and transportation system in a particular area.

VI.
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