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Abstract:

Digital maps have revolutionized our ability to navigate to desired locations by providing the shortest routes,
primarily in open spaces. However, this functionality is limited to outdoor environments. This study aims to
extend this capability by enabling the determination of the shortest routes within indoor spaces. The research
employs the Haversine method for distance measurement and integrates the Dijkstra algorithm for route
determination. The findings demonstrate the feasibility of implementing the Haversine method and the Dijkstra
algorithm for route determination within enclosed spaces. It was observed that the routing machine between
route nodes did not perform optimally, prompting its replacement with a polyline-based approach.
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1. Introduction:

The city's development can be seen from the increasing number of public buildings or public places being built.
Public buildings can be used or visited by the public, such as hospitals, airports, zoos, beaches, and malls. One of the
places that is most popular among both young and old is the mall. [1]. Some public buildings are open and some are
closed [2]. Malls are included in the category of closed public buildings where many spaces can be visited inside.

As buildings develop in the city, technological developments follow. One technology that helps us visit public
places is a geographic information system (GIS). GIS helps us find out the location of the place we are looking for
using digital maps. One of the digital maps that is popularly used is OpenStreetMap (OSM) [3].

Digital maps can show us the closest route to the location we want to go to. But this only applies to open areas.
Currently, there are many closed buildings which are very spacious. So sometimes it is very difficult to find space in
it like a mall. A mall is a multi-story building that contains many shops. In Makassar, there is a mall which has an area
of around 70 thousand square meters. This mall consists of 5 floors and 1 basement.

Many applications or systems help us in searching for locations, but most of them only work in open spaces. The
rest are applications specifically designed for specific buildings. As in research that implements Dijkstra's algorithm
to determine the shortest route in the mountains [4]. Some carry out research that calculates the distance between
locations in closed spaces using the Haversine method [1]. In this research, we will implement the Haversine method
and Dijkstra's algorithm to find the closest route in a closed building which will be applied to a digital map.

2. Method:

a. Research design
The stages of this research, searching for routes on a digital map, can be seen in Figure 1.
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Figure 1. Stages of route finding on a digital map

The spatial data collection stage is carried out in the mall. Through this process, coordinate data is collected which
includes each route node in it, as well as documenting the locations or spaces in the mall. This stage is an integral part
of the mapping effort of the location structure within the mall.

After obtaining coordinate data, the next step is to calculate the distance between route nodes and connected
locations. This measurement process utilizes the haversine method, a reliable method for estimating the distance
between points on a spherical surface, such as measuring the distance between given geographic coordinates. This
method allows accurate calculations in determining the distance between related locations in spatial data.

After obtaining the distance between connected nodes, the next step is to find the shortest route using Dijkstra's
algorithm. This algorithm will calculate and determine the fastest or shortest path between previously connected nodes,
ensuring the determination of the optimal route in the context of the previously measured distance.

The final step is to display the calculated route on a digital map, referring to the results obtained from the previous
stage. This enables graphical visualization of pre-calculated shortest or fastest paths, providing a clear and intuitive
picture of recommended routes based on pre-processed spatial data.

b. Haversine Method

The Haversine method calculates the distance between two points by acknowledging the Earth's curved surface. It
employs the Haversine Formula to determine the distance between two coordinates on the Earth's longitude and
latitude, considering the curvature of the planet rather than assuming a flat plane [5]. In the Haversine method, the
input variables rely on latitude and longitude under the premise of Earth's near-spherical shape. The Haversine formula
calculates the distance along a great circle between two points on the Earth's surface (treated as a sphere), assuming a
radius (R) of 6,367.45 km. It uses the spherical coordinates (latitude and longitude) of the two points, designated as
longl, latl, and long2, lat2, respectively, to compute this distance [6]. The Haversine Formula takes the following
form [5], [7]:

Alat = lat2 — latl
Along = long?2 — long1
a =sin?(4lat/2) + cos(latl).cos(lat2).sin?(Along/2)
¢ =2.atan2(Va,V1 — a)
d=R.c
Notes:
R = radius of the earth is 6371(km)
Alat = the amount of change in latitude
Along = the amount of change in longitude
C = axis intersection calculation
d = distance (km)
1 degree= 0.0174532925 radians

c. Dijkstra’s Algorithm
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Dijkstra's algorithm stands as a graph search method specifically designed to solve the shortest path problem
originating from a single source on a graph. It operates effectively in scenarios where the graph contains no negative-
weighted nodes, generating a tree that represents the shortest paths from the source to all other nodes in the graph [8].
Dijkstra's algorithm falls under the category of greedy algorithms, frequently employed in solving optimization-related
problems [9].

Dijkstra's algorithm resolves the challenge of discovering the shortest path between two nodes within a weighted
graph, aiming to identify the path with the least overall weight, such as distance or any specified metric [10]. Dijkstra's
algorithm is instrumental in determining the shortest path within a weighted graph by identifying the minimum weight.
This method calculates the shortest distance between two or more points within a graph, seeking the path with the
smallest overall value. For instance, let's consider a labeled directed graph, G, with vertices V(G) = {vl, v2, ..., vn},
where the sought shortest path is from v1 to vn. Initiating from v1, Dijkstra's algorithm proceeds iteratively, seeking
the point whose cumulative weight from point 1 is the smallest. These selected points are isolated, no longer
considered in subsequent iterations. Various schemes are employed in these searches for shortest distances, including
[11]:

1) Initialization
o Define the starting node as the source node.
o Initialize the distance from the source node to all other nodes with an infinite value.
e The source node's distance value to itself is set to 0.
o Determine the set of unvisited nodes.
2) Select the node with the shortest distance
e From the set of unvisited nodes, select the node with the shortest distance from the source node.
o Mark this node as visited.
3) Update the distance to unvisited neighbors
e For each neighboring node of the node under consideration:
e Compute the new distance from the source node through the node under consideration to the neighboring
node.
o If the new distance is shorter than the previous distance from the source node to the neighbor node, update
the distance value.
4) Repeat steps 2 and 3
e Repeat steps 2 and 3 until all nodes have been visited or until the destination node (if specified) has been
visited.
5) Results
o Once all nodes have been visited, the shortest distance from the source node to all other nodes is recorded.

d. OpenStreetMap

OpenStreetMap, abbreviated as OSM, is an online project that aims to create global maps that are freely and openly
available to the public. The project is built entirely by a community of volunteers who contribute by conducting
surveys using GPS, generating data from aerial imagery, and collecting and sharing publicly available geographic
information [3]. Apart from providing access to digital maps, this platform also allows users to add markers and labels
to the map, as well as determine routes and calculate the distance between two location points. This facilitates not
only visual access to maps but also provides the ability to plan routes as well as practically measure distances between
locations. To make it easier to use OSM, we can use a JavaScript library called Leaflet.js [12].

3. Result and Discussion:

Data collection is done manually by dragging the digital map marker. We created a route point and location on
Floor 1 of Nipah Mall Makassar. The first-floor route points can be seen in Figure 2.
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Figure 2. Route nodes and location in the First Floor
Figure 2 shows eight route nodes and twenty location nodes. Route points are marked with green circles from A
to H and locations in red. Once the location data and route points are available, the next step is to calculate the distance
between the route and location. At this stage, we apply the Haversine method to calculate the distance between 2
locations. The calculation results using the Haversine method can be seen in Table 1.
Table 1. Distance of each node

Edges - Node 1 - - Node 2 - Distance (m)
Latitude Longitude Latitude Longitude
A-B -5,139352 119,449724 -5,139395 119,449858 15,59
B-C -5,139395 119,449858 -5,139416 119,450196 37,50
C-D -5,139416 119,450196 -5,138765 119,450457 78,00
D-E -5,138765 119,450457 -5,138326 119,450615 51,77
E-F -5,138326 119,450615 -5,138265 119,450357 29,32
F-G -5,138265 119,450357 -5,138383 119,450110 30,29
G-H -5,138383 119,450110 -5,138562 119,450250 25,19
G-A -5,138383 119,450110 -5,139352 119,449724 116,00

In Table 1, there are eight edges or sides that connect two points. Next, apply the Dijkstra Method to find the
closest route. For example, there is a mall visitor who is at TimeZone and wants to go to the toilet. So, the first thing
to do is calculate the distance between the two locations and the nearest node. The results were obtained. The distance
between the TimeZone location and point C is 18.28 meters. The distance between the toilet location and point F is
16.28 meters and with point G is 27.36 meters. An image of the distance to each route point and location can be seen
in Figure 3.

51.77m

Nipah Mal

Nipah'Mall

37.50m

TimeZone 3

Figure 3. Distance between each location and route node
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After determining the distance, the next step is implementing the Dijkstra algorithm. The calculation starts from
the TimeZone or starting point which | call node Z to the Toilet or end point which is called point T.

Initialization, starting with the initial node Z. The distance from Z to itself is O, and the distance to all other nodes
is initialized as infinity (o).

Step 1, node Z is only connected to node C with a distance of 18.12 meters, so the shortest distance selected is
from node Z to C.

Step 2, calculations start from the node selected in step 1, namely node C. Node C is connected to two nodes, node
B with a distance of 37.5 meters, and node D with a distance of 78 meters. The total distance is obtained by adding
the distance of node Z to node C and the distance of node C to the connected node. The result is node Z to Cto B is
55.62 meters and Z to C to D is 96.12 meters. The shortest distance from step two is the distance from node C to node
B so the node selected for step two is Z to C to B.

Step 3. Calculations start from the node selected in step 2, namely node B. Node B is only connected to Node A
apart from the selected node (node C). The total distance from Z to C to B to A is 71.21 meters. This is smaller than
the sum of the distances to nodes that have not been selected. So the next selected node is node A.

Step 4. Calculations start from the node selected in step 3, namely node A. Node A is only connected to Node G
apart from the selected node (node B). The total distance from Z to C to B to A to G is 187.21 meters. This is greater
than the sum of the distances to the node that has not been selected, namely node D. So the next selected node is node
D.

Step 5. Calculations start from the node selected in step 4, namely node D. Node D is only connected to Node E
apart from the selected node (node C). The total distance from Z to C to D to E is 147.89 meters. This is smaller than
the sum of the distances to nodes that have not been selected. So the next selected node is node E.

Step 6. Calculations start from the node selected in step 5, namely node E. Node E is only connected to Node F
apart from the selected node (node D). The total distance from Z to C to D to E to F is 177.21 meters. This is smaller
than the sum of the distances to nodes that have not been selected. So the next selected node is node F.

Step 7. The calculation starts from the node selected in step 6, namely node F. Apart from the selected node (node
E), node F is connected to Node G with a distance of 30.29 meters and T (the final node) with a distance of 16.28
meters. So the total distance from Zto Cto Dto Eto Fto G is 207.50. and Z to Cto D to Eto Fto T is 193.49 meters.
The distance from Z to C to D to E to F to G is greater than the total distance from Z to C to B to A to G, namely
187.21 meters, so the total distance to G is taken from the results of step four. In this step, a route to the destination
has been found but the value obtained is still greater than the node that has not been selected, namely G. So the next
selected node is G.

Step 8. The calculation starts from the node selected in step 7, namely node G. Apart from the selected nodes
(nodes A and F), node G is connected to Node H with a distance of 25.19 meters and T with a distance of 27.36 meters.
So the total distance from Z to C to B to Ato G to H is 214.40 meters and from Zto Cto Bto Ato Gto T is 193.49
meters. In this step, the route to the destination node is also found. But the total distance to the destination node in
step 7 is smaller and there are no more nodes that have not been selected whose total distance is smaller than this
result. So the route search result from node Zto T is Zto Cto D to E to F to T with a total distance of 193.49 meters.
The values for each step can be seen in Table 2.

Table 2. Shortest route search results using the Dijkstra algorithm

Step Nodes Z A B C D E F G H T
1 Z 000 oo o 18127 oo o o w w w
2 C oo 5562C 18127 96(’:12 o o o o o
3 B 7121B  5562C 96(’:12 o o - o "
96,12 18721
4 A 71218 " . o A w 0
5 5 96.12 14789 o 720 _ _
c D A
14789 17721 18721
6 E ) 00

D E A
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Step Nodes Z A B C D E F G H T
7 F 177,21 187,21 o 193,49
E A F
8 G 187,21 212,40 193,49
A G F
Result T 193[’:,49

After getting the closest route, the next step is to create a route on the digital map. The following displays the
routing from location Z to Cto D to E to F to T using the routing machine in Figure 4.

Figure 4. Results of using a digital map routing machine indoors

In the results shown in Figure 4, we use a digital map routing machine to connect the selected route nodes. But
the routing machine always directs out of the indoor area of the mall. This result was not as expected. The expected
result should be that the routing machine simply draws a straight line between each route node. So, we replaced this
method by using the polyline feature on digital maps. The results of using polylines can be seen in Figure 5.

€ Toilet

% -

Nipah Mal

Figure 5. Polyline at route node
In Figure 5, the use of a polyline can connect the starting node to the route node that is taken to the final node. So
that determining routes in space on digital maps can be done.

4. Conclusion:

Based on the results of this research, it can be concluded that determining the shortest route in an enclosed space
is possible. The Haversine method for measuring the distance between nodes and the Dijkstra algorithm for finding
the shortest route in a room such as a mall have proven effective in determining the closest route. However, using
routing engines on digital maps does not provide optimal results. Therefore, we use the polyline feature as an
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alternative to display the route between two locations on a digital map with more satisfactory results. We hope that
the results of this research can provide a valuable contribution to the development of effective and accurate route-
finding applications indoors.
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