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Abstract—Enhancing response time and minimizing fuel 
consumption are critical in the use of water ambulances. 
Fortunately, optimization efforts are both possible and well-
established by the field of graph theory. Route optimization has 
long been one of the main focuses in this field of discrete 
mathematics. Weighted graphs are more frequently used as they 
provide more information compared to unweighted ones. By 
utilizing proven algorithms in solving the problem, this paper 
introduces a scenario-based approach to route planning in 
maritime environments.  By integrating scenario-specific factors, 
such as optimal response time as opposed to optimal fuel 
consumption, this paper aims to provide an adaptive solution to 
this critical concern. 
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I.   INTRODUCTION 
Water ambulance is a vehicle used for emergency medical 

care in island communities. The use of water ambulances allows 
islander populations to receive quick and adequate health 
services. Water ambulances also largely contribute in 
introducing modern medicine and providing healthcare access 
to isolated and semi-isolated communities living beyond land 
with established medical infrastructures. 

On the other hand, the fuel versus time dilemma have long 
been a debate in the use of transportations. Moving from one 
place to another using any conventional transportation will 
require more fuel consumption than average. On the other side, 
maximum fuel consumption optimization means using a lower 
than maximum speed. While several small breakthroughs have 
been made in order to shrink the gap between fast travel time 
and optimal fuel consumption, the dilemma will always exist 
since they are natural opposites. Maximum performance will 
always require maximum effort, which in turn require often 
maximum fuel consumptions. 

However, there is also another side to the argument. 
Maximum time efficiency, at least roughly speaking, can not 
only be reached by maximum vehicle performance, but also 
shortest path possible taken. This will also correlate with lower 
fuel consumption, since optimizing the route taken also means 
optimizing fuel consumption. Finding the shortest path has long 
been a popular problem in discrete mathematics, especially the 
field of graph theory. 

In order to study graph theory, it would be wise to learn its 
history first. Graph theory was in fact created to solve problems 
related to route planning and route optimization. A paper written 
by Leonhard Euler in 1736, popularly regarded as the first paper 
in the history of graph theory, was in fact an analysis on routes 
between places [2]. Modern graph theory represents places with 
nodes/vertices and routes with edges. A graph is defined by its 
vertices and edges. 

In order to convey more information than just connection 
between nodes, weighted graphs are used as opposed to 
unweighted graphs. A weighted graph is a graph whose vertices 
have values relating to their property. A route-finding algorithm 
could then be used on this weighted graph in order to find the 
best possible route according to everyday scenarios or 
prioritized factors. 

 
II.  THEORY 

A. Graph Theory 
In discrete mathematics, graph theory is the study of graphs, 

mathematical structures made up of vertices and edges used to 
represent relations between objects. In formal definition, a graph 
is defined as a tuple G = (V, E), where V stands for the set of 
vertices/nodes, and E stands for the set of edges which connect 
the vertices/nodes. Graphs are used to model discrete objects 
and how those objects relate mathematically. 

 
Fig. 1. Graph representing network of roads between several cities in 

Central Java. Adapted from [5] 
 

A loop is and edge that connects a vertex to itself, while 
multiple edges are two or more edges that connect the same two 
vertices. Graphs that do not allow the presence of neither loops 
nor multiple edges are called simple graphs. On the other hand, 
graphs that allow the presence of loops and multiple edges are 
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called non-simple graphs. Non-simple graphs that contain 
multiple edges are called multigraphs, while those that contain 
loops are called pseudographs. 

 
Fig. 2. Simple graph, non-simple graph with multiple edges 

(multigraph), and non-simple graph with loops (pseudograph). 
Adapted from [4] 

 
Based on the orientation properties of the edges, graphs are 

differentiated into two types. Directed graphs are graphs in 
which edges have orientations. On the other hand, graphs where 
all the edges are bidirectional are called undirected graphs. 

There are also unique kinds of graphs, one of which being the 
weighted graph. A weighted graph is a graph where each edge 
is assigned a number or value. These numbers are used to 
represent many properties, including but not limited to cost and 
distance. 

 
Fig. 3. Example of a weighted graph. Adapted from [5] 

 
While representing graphs as normal drawings of edges and 

vertices, this method will get increasingly hard as the number of 
edges and/or vertices increase. This problem however can be 
easily managed by using more efficient graph representation 
methods. One such example, perhaps the most popular one, is 
the adjacency matrix. An adjacency matrix is a square matrix 
used to represent a finite graph. The elements of the matrix 
correspond to the presence of edges between vertices used as the 
row index and column index of the element. For undirected 
graphs, the number 1 is used to indicate the presence of an edge 
between two vertices, while the number 0 is used to indicate that 
those two vertices are not connected by any edge. 

In the case of directed graphs, an adjacency matrix can still 
be used as a representation tool, albeit with some modifications. 
Instead of only two numbers indicating the presence or absence 
of an edge between any given two vertices, the elements in the 
adjacency matrix now represent the number of edges directed 
from the row index vertex into the column index vertex. To 
count the total of inward edges of a vertex, all one must do is to 
calculate the sum of all elements in the same column of the 
column index representing the vertex. On the other hand, to 
count the total of outward edges of a vertex, calculate the sum 
of elements in the same row of the row index representing the 
vertex. 

 
Fig. 3. Three different graphs each represented by its adjacency 

matrix. Adapted from [6] 
 

B. Dijkstra’s Algorithm 
Dijkstra’s algorithm is an algorithm used for finding shortest 

path from any node into any other node in a weighted graph. It 
is classified as a greedy algorithm, meaning it will always select 
the node with the smallest distance at each step. The algorithm 
will create two sets, one for visited nodes, and one for unvisited 
nodes. The user will then be required to pick a source and 
destination node at the start. For the full steps of the algorithm, 
see below. 

1. Prepare a weighted graph where the weight represents 
distance between the two nodes it connects. 

2. Pick a source node and use it as the beginning vertex, 
pick a destination node. 

3. The algorithm will then conduct a search from one vertex 
to another until it reaches the destination node. 

4. In the beginning vertex, set the initial value as 0, and set 
weights between nodes not connected by any edges as 
infinity. 

5. Still in the beginning vertex, compare every weight from 
other nodes not yet visited, and accumulate the weight 
from the beginning vertex. 

6. If a weight smaller than the previous weight is found, set 
the compared weight into the smaller one being found. 

7. After comparing distances to neighboring nodes, mark all 
the visited nodes, in order to avoid comparing again 
evaluated nodes and only maintaining the last minimum 
distance. 

 
Fig. 4. Weighted graph example that will be used in Dijkstra’s 

Algorithm. Adapted from [2] 
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After following the steps detailed above the image, we will 
then find the best (shortest) path from vertex A as the source 
node to vertex D as the destination node. 

 
Fig. 4. Route finding table and the shortest path found by using 

Dijkstra’s Algorithm. Adapted from [2] 
 
By implementing Dijkstra’s Algorithm, the shortest path from 

source node A to destination node D has a distance of 14, with 
the specified route taken being A, then B, then C, then D. 

 
C. Water Ambulance 
A water ambulance, also sometimes called a marine 

ambulance, is a dedicated emergency medical service vehicle 
that moves on rivers, lakes, or coastal areas to provide quick 
health assistance and transportation to individuals needing them. 
These ambulances are equipped with medical facilities and 
trained personnel to respond to emergencies, just like their land 
counterparts, albeit having the capability to access places where 
land ambulances are not capable of. Water ambulances is the 
key for overcoming challenges related to medical access critical 
for communities located near water bodies. Water ambulances 
can also provide aa rapid response to incidents such as water 
accidents, medical emergencies for water vehicle passengers, or 
situations where land ambulances are deemed impractical. 

Water ambulances are capable of providing initial medical 
care and also stabilizing patients during transit from their 
location into a determined medical facility. The biggest 
advantage owned by water ambulances are their versatility in 
regions with extensive water networks, optimizing time needed 
for transportation while also increasing the survival outputs of 
medical emergencies. An additional advantage is the ability to 
operate in disaster response scenarios, where they can operate 
through flooded areas or reach locations deemed unable or 
difficult to be reached by land. The appropriate use of water 
ambulances will give medical practitioners an edge in dealing 
with special scenarios related to water bodies, expanding the 
reach of medical services by a significant margin, especially in 
archipelagos and spread-out island communities. 

III.   METHODOLOGY 

A. Map Representation 
In order to represent the islands and water routes connecting 

them, a weighted graph will be used. This graph will have a set 
of vertices representing islands and a set of edges representing 
water routes connecting those islands. 

An ordinary weighted graph is used for its capability of 
representing different scenarios related to the mapping. The 
ordinary weighted graph is capable to contain the distance 
between any two islands as the weight of the edge connecting 
those two islands’ nodes. It is capable of representing map of 
islands in the open sea with determined distances between every 
pair of two islands. It can also represent river-connected 
communities, or islands in the open sea with predetermined 
possible routes (not all pairs of two islands could be traversed). 

 
Fig. 5. Representing a map of centroids largely connected by a river 

network and the processed graph as a result. Adapted from [4] 
 

The method used in this paper is most definitely not new. 
Researchers has long used the weighted graph representation as 
a way to analyze the network of routes in a given map and deal 
with their properties. In case of finding the shortest route 
possible, the weighted graph made as a representation of the map 
used will then be processed by Dijkstra’s Algorithm, which will 
then find the most optimal route from the source node to the 
destination node. 

Given the simplicity of the method used, it can actually be an 
advantage when we take a look into how it will be used. Efficient 
planning will surely benefit from the quick time required to run 
the algorithm and get the final needed result. In fact, there are 
several other algorithms useful for finding the shortest possible 
route, including but not limited to Bellman-Ford Algorithm and 
Floyd-Warshall Algorithm. Dijkstra’s Algorithm is known as 
the algorithm with the lowest time complexity, giving it an 
advantage compared to the other algorithms 

 
Fig. 6. Comparing the time complexity of different algorithms used in 

finding shortest possible route. Adapted from [1] 
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B. Graph Representation and Algorithm 
To represent the graph in a way that could be understood by 

computers, the adjacency matrix will be used. In this particular 
case, the code will assume that if multiple edges are present, then 
the edge with the lowest weight will be used in the graph. For 
now, our code does not include an extensive versatility or error 
checking mechanisms. 

In terms of simplicity, the code is indeed quite simple but with 
some modifications. Due to the constraints of the problem, some 
changes have to be made to the original Dijkstra’s Algorithm. 
While the original version finds the shortest possible route 
between two nodes on a graph, the modified version will find 
the shortest possible route to start from a node, visit every other 
node at least once, and then come back to the start node. The 
code generates all permutations of nodes, calculates the total 
route length for each permutation, then selects the minimum 
length as the solution. As the number of edges and vertices 
increase, the time complexity will however increase quite 
significantly too. In addition, while the original version stops 
when the shortest path to all reachable nodes is found, this 
modified version continues until it has explored all permutations 
of nodes, ensuring that each of them is visited at least once. 

 
C. Medical Check-Up 
Our code is focused on determining the shortest possible route 

of a routine medical check-up done on every single node 
represented in the map. The Dijkstra’s Algorithm used in this 
code is the largely unmodified version, so visiting one node or 
place twice is allowed in finding the shortest possible route. 

The only main target of the medical check-up is to start from 
one node, visit every other node at least once (more than once is 
allowed), and then return back to the same node the journey 
started from. In order to optimize fuel consumption and reduce 
total time needed, this code will surely be helpful and the result 
will be easy to understand. 

 
Fig. 7. An example of the shortest route possibly taken determined by 

the Dijkstra’s Algorithm. Adapted from [1] 
 
 
 
 

D. Complete Design 
Here is the complete design for the program produced in this 

paper. 
1. The program will contain previously defined graph 

containing all the vertices representing the places and 
edges representing the water routes connecting those 
places. 

2. The graph will be represented as an adjacency matrix, 
with the row index and column index representing each 
node, and the elements valued as 0 for inexistant route 
connecting the two nodes or the distance between two 
nodes in integer. 

 
IV.   RESULT 

A. Program 

 

 
Fig. 8. Full code used for finding the shortest possible route for 

medical check-up using water ambulances. 
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B. Testing 

 

 

 

 
 

V.   CONCLUSION 
In conclusion, Dijkstra’s Algorithm is useful in determining 

best possible route for medical check-up using water 
ambulances in maritime communities.  
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