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Abstract: This study aims to optimize shipping routes in the aplousing activity of Shipping Navigation 
Aids (SBNP) maintenance by applying the djikstra algorithm to improve operational efficiency. The 
research model uses a weighted graph approach where each strategic location such as ports and 
islands is represented as a node, while the distance between nodes as a trajectory is calculated using 
the haversine formula based on geographical coordinates. The djikstra algorithm is then 
implemented to determine the shortest trajectory that connects all the predetermined nodes. The 
results of the study showed a significant increase in route efficiency with the total sailing distance 
reduced from 1,210.30 km of manual routes to 1,110.44 km after optimization, or a saving of 99.86 
km (8.25 km). This distance saving has direct implications for the reduction of shipping time, fuel 
consumption and exhaust gas emissions (CO₂ and SOₓ). The application of the djikstra algorithm has 
been proven to provide real benefits in the context of maritime shipping, especially in supporting 
energy efficiency and sustainability of the marine environment. The results of this study are in line 
with the International Maritime Organization (IMO) policy through the Energy Efficiency Design 
Index (EEDI) and the Ship Energy Efficiency Management Plant (SEEMPP). Thus, algorithm-based 
route optimization can be an effective decision-making tool for maritime authorities and operators 
in realizing an efficient, safe and sustainable sea transportation system. 
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1. Introduction 
 

The Tanjung Perak Class I Type a Navigation 
District Pier is known as the Mirah Navigation 
Pier which is a strategic facility managed by the 
Ministry of Transportation through the Tanjung 
Perak Class I Type a Navigation District in 
Surabaya. This pier is about 120 meters and is 
located on Jalan Intan No. 1A, Surabaya. This 
facility is designed to serve ships owned by the 
Navigation District as well as ships owned by 
other agencies operating in the Tanjung Perak 
Port area. This pier has the main function, which 

includes planning, providing, operating, 
maintaining and supervising shipping navigation 
facilities, including the management of state 
ships and docks. In addition, the district is also 
responsible for the supervision of shipping flows 
and shipping telecommunications in its working 
areas.  

This pier plays an important role in 
supporting operational activities on state ships 
and related agencies in the Tanjung Perak Port 
area and is part of efforts to improve shipping 
safety and efficiency in the pier area. One of the 
challenges that state ships often face is efforts 
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to maintain fuel efficiency and shipping time and 
reduce environmental pollution in all conditions 
such as extreme weather and erratic sea 
conditions that always occur. Bad weather such 
as high waves, strong winds, and heavy rain can 
affect and slow down the ship's journey, forcing 
a change of route or even causing the ship to 
stop sailing temporarily. This has a direct impact 
on increased fuel consumption, longer travel 
times, and increased exhaust emissions into the 
environment. 

Mutation Colony Optimization has been 
successfully implemented to find the shortest 
effective route thereby reducing mileage and 
improving operational efficiency [1]. 
Optimization of maritime navigation systems is 
important to improve fuel efficiency, travel time 
and environmental impact control. Big data 
analytics also play a role in identifying efficient 
routes to minimize fuel consumption without 
sacrificing operational effectiveness [2]. In a 
maritime context, technologies such as 
lighthouses aid navigation, but their reliability 
depends on effective management and regular 
maintenance. The challenges faced include 
limited trained personnel and a monitoring 
system that is not optimal [3]. Therefore, an 
effective risk management strategy through the 
application of advanced technology and 
collaboration between maritime authorities and 
a strong safety culture is an important factor in 
improving the safety and operational efficiency 
of the shipping industry [4].  

In this situation, state ships need to 
implement careful navigation strategies, utilize 
accurate weather forecast technology and 
optimize fuel management systems. Synergy 
with the Navigation District and related agencies 
is essential to ensure shipping safety and 
support the preservation of the marine 
environment. It is proven to be able to improve 
route planning and travel efficiency. This 
algorithm is also known to be effective in 
determining the shortest path between nodes 
which have been adapted in various studies to 
optimize travel routes and improve operational 
efficiency [5].  

The Dijkstra algorithm proposed by Edsger 
Dijkstra in 1959 was designed to find the 
shortest path between two vertices in a 

weighted graph [6]. The application of the 
dijkstra algorithm has been proven to provide 
effective performance in Geographic 
Information Systems with a user acceptance 
success rate of 81.44% [7].  In this problem, the 
weight of the graph represents the distance or 
cost of travel between points  [8]. The concept 
of graphs in dynamic systems includes a variety 
of representations of cross-state behavior 
including trajectory graphs and Mouse graphs, 
each of which describes the structure of 
relationships between nodes in the system [9]. 
Logistic maps are one example of the application 
of graphs that show the direct relationship 
between nodes without cycles to represent the 
qualitative behavior of the system  [10]. 

The Dijkstra algorithm can identify the 
shortest path by systematically comparing the 
smallest weights of the starting node to all the 
other nodes in the graph until the optimal path 
to the destination node is obtained [11]. This 
algorithm maintains two sets: one for nodes 
that are already included in the shortest path 
tree and nodes that are not included.  Randomly 
selects nodes with minimum distance from 
source [12]. Based on the results of the study 
[13] The dijkstra algorithm can be applied to 
search for transportation costs based on the 
shortest route in Central Lombok Regency. The 
results show that the route with the shortest 
distance is not always identical to the cheapest 
cost such as the difference between the Lombok 
International Airport-Pantai Selong Belanak 
route (23 km, Rp. 54,000) and the Bukit Merese 
route (22.5 km, Rp. 77,000). 

This algorithm has proven to be effective 
in a variety of scenarios that require high time 
efficiency such as freight forwarding and 
location search [14]. This research [15] shows 
that the application of the djikstra algorithm in 
determining the shortest route in the campus 
environment can increase operational efficiency 
with the result of the optimal route between the 
Faculty of Engineering (FT) and the Faculty of 
Education (FIP) as far as 1,400 meters. The 
djikstra algorithm has been widely used in land 
transportation networks and general routing 
applications due to its ability to determine the 
optimal path based on minimum distances. 

This research offers novelty value through 
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the application of the djikstra algorithm in the 
context of mileage optimization in the maritime 
transportation sector as an effort to improve 
energy efficiency and reduce exhaust gases. In 
contrast to previous research that focused on 
the terrestrial context and theoretical syllation. 
This research emphasizes the integration of the 
djikstra algorithm with the principles of 
maritime energy sustainability to support the 
implementation of International Maritime 
Organization (IMO) policies, especially the 
Energy Efficiency Design Index (EEDI) and the 
Ship Energy Efficiency Management Plan 
(SEEMP).  

This approach shows that route 
optimization not only impacts fuel savings but 
also directly reduces CO₂ and SOₓ generated 
from shipping activities. Thus, this research 
strengthens the practical relevance of the 
djikstra algorithm to global sustainability issues 
and contributes significantly to the achievement 
of the Sustainable Development Goals (SDGs) in 
sustainable marine transportation midwives. In 
addition, the application of this method in the 
context of critical activities such as the 
maintenance of Shipping Navigation Assistance 
Facilities (SBNP) is a concrete form of innovation 
that connects technical efficiency with 
integrated maritime sustainability policies. 

 
2. Materials and Methods  
 
2.1   Research Approach  

This research uses an applied approach, 
and several literature studies aim to provide 
practical solutions in real-world problems [16]. 
Applied research builds on basic research 
findings with the choice of approach depending 
on the characteristics of the data, the research 
perspective and the objectives [17]. Literature 
studies are also conducted to gather relevant 
information from a variety of sources and can be 
used to explore new solutions and approaches 
[18]. 

2.2 Research Location 
The location of the research is focused on 

the Tanjung Perak Port Pier, which is one of the 
strategic nodes in supporting the operations of 
state ships and related agencies. This dock was 
chosen because it has an important role in 
shipping efficiency, navigation safety and fuel 
management in various weather conditions. 

 
2.3 Research Data  

The research data used in this study 
consisted of: Primary data in the form of 
geographical coordinates (latitude and 
longitude) of shipping route node points 
connected to the maintenance aplousing 
activities of Shipping Navigation Assistance 
Facilities (SBNP). Secondary data in the form of 
literature from several previous studies related 
to the djikstra algorithm in the transportation 
system and its application in the tourism and 
maritime sectors. 

 
2.4 Route Planning Model  

The route planning model in this study is 
represented as a weighted graph where each 
node represents a strategic coordinate point, 
and each side shows the trajectory between 
points. The weight on each side is determined 
based on the geodesic distance between the 
two vertices calculated using the Haversine 
formula. The haversine formula is used to 
calculate the distance between points on the 
earth's surface using geographical coordinates 
in the form of latitude and longitude as input 
variables. This formula is one of the important 
equations in the field of navigation because it 
can give an estimate of the shortest trajectory 
distance between two points above the surface 
of the globe. [19]. Assuming that the earth is 
perfectly spherical with a radius of R=6.371 km, 
the distance between two points can be 
calculated using the following haversine 
equation [20]:

 

𝑑 =  2𝑟 ∗  𝑎𝑟𝑐𝑠𝑖𝑛 ( √( 𝑠𝑖𝑛
2(

Δ𝜑

2
)

+  cos (𝜑1) ∙ cos (𝜑2) ∙  𝑠𝑖𝑛
2(

Δ𝜆

2
)
))                                   (1) 

 
In the distance calculation between two 

points on Earth, the Earth’s radius 𝑟is taken as 
approximately 6,371 km. The coordinates of the 
two locations are expressed as latitude 𝜙1and 
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𝜙2, and longitude 𝜆1and 𝜆2, all converted into 
radians. The difference in latitude is defined as 
Δ𝜙 = 𝜙1 − 𝜙2, and the difference in longitude 
is defined as Δ𝜆 = 𝜆1 − 𝜆2. These angular 
differences are then used to compute the 
geodesic distance between the two points. 

The weight of the haversine calculation is 
the main input in the djikstra algorithm to 
determine the shortest trajectory of the node 
level. Thus, this approach focuses on geometric 
optimization, which is minimizing the total 
distance traveled based on geographical 
coordinates without considering non-geometric 
factors.in the developed model, route 
boundaries such as into waters (ship drafts) and 
limited navigation zones have not been explicitly 
considered in the process of calculating 
distances and determining trajectories. This 
model operates on the assumption that each 
path between nodes can be traversed without 
physical or regulatory barriers. This approach 
focuses research on proving the effectiveness of 
the djikstra algorithm in the context of 
determining the shortest distance 
mathematically on the earth's surface. 
However, these limitations have been identified 
as space for further research development  

The integration of external factors such as 
shallow water conditions, ocean currents, waves 
and limited navigation zones is proposed as the 
direction of the next model development 
through the application of adaptive weighting 
factors. This integration is expected to produce 
a more realistic route planning model for 
maritime operational conditions and support 
safe, energy-efficient and sustainable shipping 
efficiency. In its application, this research 
utilizes several main instruments, including 
digital maps for mapping nodes and shipping 
lanes and gogle colab as a tool for computing to 
run distance calculation algorithms and route 
determination. The combination of the two 
tools allows integration between computational 
and spatial visualization aspects to support the 
process of analysis and planning of shipping 
routes efficiently. This research method is then 
carried out with several systematic stages 
described in the figure below.  

 

 

Figure 1. Research Method 

2.5   Application of the Djikstra Algorithm  
The determination of the optimal trajectory 

is performed using the Dijkstra algorithm, which 
is designed to identify the shortest path 
between a source node and other nodes in a 
positively weighted graph. The process begins 
with system initialization and graph preparation, 
where all vertices are assigned an initial distance 
value of infinity, except for the starting node 
(B1), which is set to zero to indicate a known 
reference point. The algorithm then iteratively 
evaluates neighboring nodes of the active node 
and updates their distance values if a newly 
identified path yields a smaller cumulative 
distance than previously recorded. Nodes that 
have been visited are marked and excluded from 
further evaluation. From the remaining 
unvisited nodes, the one with the minimum 
temporary distance is selected as the next active 
node. This procedure continues until all nodes 
have been evaluated. Finally, once the minimum 
distance values are established, the optimal 
path is reconstructed by tracing back from the 
destination node to the initial node, resulting in 
the shortest trajectory based on cumulative 
edge weights. The algorithm terminates after 
the optimal path has been successfully 
identified. The visualization of the 
computational process is shown in the figure 
below 2 below. 
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Figure 2. Dijkstra Algorithm Process Flow 
Diagram for Optimal Trajectory Determination 

 
Algotima djikstra was chosen because it 

has high computational efficiency and optimal 
accuracy in determining the shortest trajectory 
on a positive-weighted graph. In contrast to A* 
which requires additional heuristic functions. 
The djikstra algorithm does not require distance 
estimation, so it is more suitable for shipping 
networks with deterministic geographic data.  
Compared to Floyd Warshall which calculates 
the shortest distance for all shortest path all-

pair node pairs and has O(n³) complexity, the 
djikstra algorithm is more efficient for the 
single-source shortest path case as in this study. 
While genetic algorithms (GA) can provide 
global optimization results, they require 
complex iterative and parameterization 
processes and do not always guarantee the 
optimal solution for each iteration. With the 
characteristics of the shipping network 
possessed, the limited number of nodes and the 
deterministic weight, the djikstra algorithm is 
the most suitable and computationally efficient 
choice for this study. 

 
3. Results  

 
Before applying the shortest-path 

algorithm, it is essential to establish a spatial 
representation of the operational area under 
study. The maritime maintenance activities of 
SBNP are distributed across multiple navigation 
points within the Java Sea region, forming a 
connected network of ports and islands that 
serve as operational nodes. To transform this 
real-world sailing route into a computable 
structure, the geographic locations are first 
modeled as vertices (nodes), while the sailing 
distances between them are represented as 
edges with measurable weights. This graph-
based abstraction enables the conversion of 
physical navigation routes into a mathematical 
framework suitable for algorithmic optimization 
and decision support in marine operations.

 

 
Figure 3. Visualization of Points that are SBNP aplousing and maintenance activities 
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The figure 3 shows a map that is an area 
that includes several points of SBNP 
maintenance aplousing activities which are used 
as sailing routes which are activities starting 
from the Surabaya Navigation Pier Tanjung 
Perak - Bawean Port - Karamian Island - 
Masalembo Island - Kalianget Port - Sapudi 
Island - Kamudi Island - Mamburit Island - 
Saebus Island - Panjang Island - Skala Island and 
finally back to Tanjung Perak. The red dot shows 
the location of the node used as an illustration 
of the destination point in the SBNP treatment 
aplousing activity. In the visualization above, it 
not only serves as a geographical picture but 
also becomes the basis for mathematical 
modeling that makes algorithm-based decisions 
to support marine transportation activities. 

This approach not only emphasizes the 
computational aspect but is in line with 
international standards in the field of navigation 
and shipping safety such as the International 
Maritime Organization (IMO) guidelines on 
energy efficiency and emission reduction [4]. 
Simpul sebagai lokasi strategis yang 
menggambarkan pelabuhan, dermaga dan area 
navigasi laut as listed in the geographical 
coordinates in Table 1. Edge as the distance 
between nodes is calculated based on 
coordinate points using the haversine formula 
so that each side has a weight in the form of 
distance in kilometers. The point that will be the 
beginning of route modeling is determined 
based on the need for route simulation of SBNP 
maintenance aplousing activities. To ensure the 
accuracy of position and distance calculation in 
this study, google earth is used as a coordinate 
validation tool and field validation to obtain 
distance calculation results in graph modeling 
that can provide optimal results. 

Table 1. Reference points and coordinate 
positions of shipping route nodes in the 

Tanjung Perak Type A Navigation District area 

Point Location Coordinates 

B1 Dermaga 
Distrik Navigasi 
Tipe A Tanjung 
Perak 

-7.2161 112.7365 

B2 Pelabuhan 
Bawean 

-5.8635 112.6213 

Point Location Coordinates 
B3 Pulau 

Karamian 
-6.8500 115.2000 

B4 Pulau 
Masalembo 

-5.5050 114.4983 

B5 Pelabuhan 
Kalianget 

-7.0561 113.9286 

B6 Pulau Sapudi -6.9110 114.3500 
B7 Pulau Kamudi -7.1080 114.7930 
B8 Pulau 

Mamburit 
-6.8744 115.2706 

B9 Pulau Saebus -6.9274 115.2044 
B10 Pulau 

Sepanjang 
-7.0361 114.3578 

B11 Pulau Sakala -6.9000 116.2500 

 
Based on table 1 above, the points are used 

as references (nodes) used in modeling 
weighted graphs for shipping route planning. 
Each node represents a strategic location in the 
Tanjung Perak Type A Navigation District work 
area which is connected in the shipping lane 
network. Geographic coordinate data is used as 
the main input in geodesic distance calculation 
using the haversine formula. 

With the application of the djikstra 
algorithm, it is expected to be able to work with 
the principle of iteratively finding the path with 
the lowest cost starting from the B1 node to the 
destination node and back again. Each stage of 
the classification of the region includes 
modeling a graph at each location that is red. In 
its application, the djikstra algorithm is used to 
determine the optimal route by systematically 
updating the minimum distance until a route 
with the shortest total distance to the 
destination node is obtained. So that the results 
obtained can be used for the analysis of sea 
transportation routes, optimization of logical 
routes or planning of shipping route networks 
between surrounding islands. 

 
4. Discussion 

 
In the stages before the application of the 

djikstra algorithm in determining the travel 
route between nodes, it is carried out manually 
based on the order of the points that have been 
determined without considering the efficiency 
of the distance traveled optimally. This method 



 
Maritime Technology and Society. For Peer-review              133 

 

only follows the order of the existing routes so 
that it does not get optimal results, namely 
getting the shortest route.   

 
Table 2. Initial travel route sequence based on 

geodesic distance between nodes 

Massage From To 
Distance 

(km) 

Cumulative 
Distance 

(km) 

1 B1 B2 151.36 151.36 
2 B2 B3 235.95 387.31 
3 B3 B4 57.77 445.08 
4 B4 B5 172.77 617.85 
5 B5 B6 47.42 665.27 
6 B6 B10 13.94 679.21 
7 B10 B9 93.42 772.63 
8 B9 B8 9.39 782.02 
9 B8 B11 108.16 890.18 

10 B11 B7 168.76 1058.94 
11 B7 B1 151.36 1210.30 

Total Mileage 1210.30 km 

Table 2 shows the sequence of the initial 
shipping trajectories before optimization was 
carried out using the djikstra algorithm. Each 

segment of travel (from-to) shows the distance 
between the nodes calculated using the 
haversine formula based on the geographical 
coordinates of table 1. The cumulative distance 
describes the total length of the trajectory taken 
by the ship when following the initial route in 
sequence without optimization, the total 
distance value of 1,210.30 is used as a 
comparative reference for the optimal route 
results. 

Based on the results of the calculation of 
travel routes without the application of the 
djikstra algorithm, data was obtained on the 
order of nodes starting from B1 to B2 
sequentially until all points or nodes were 
visited to the starting point, namely B1 with a 
distance that varied at each point with the 
shortest distance of 9.39 km, namely points B9 
to B8 and the longest distance of 235.95 km, 
namely points B2 to B3 so that the total distance 
traveled reached 1,210.30 km which can be seen 
in figure 2 below.

 

 
Figure 4. Visualization of travel route networks by geographical point 

 
Figure 2 presents the network of travel 

routes between points and distances between 
nodes based on geographic coordinates data. 
Each node on the graph marked as B1 to B11 
depicts the strategic location point visited for 
SBNP treatment aplousing activities. Each side 
or edge that connects between nodes shows the 

geographical relationship between the location 
points with a weight in the form of mileage 
calculated using the haversine formula. The 
calculation of the distance is carried out 
accurately based on the latitude and longitude 
coordinates of each node which has been 
validated through the help of google earth and 
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observations. 
In the visualization above, each graph is an 

important basis in modeling and simulation of 
finding the shortest route to the destination 
node in the SBNP treatment aplousing activity 
that can be associated with one of the nodes. 
With a weighted graph structure, the shortest 
path search algorithm or djikstra algorithm is 
expected to be able to effectively determine the 
optimal route from the starting point to the 
destination point by accurately considering the 
weight or distance of the node. With the 
approach of the network modeling method 
based on the djikstra algorithm which is 
modified into iterations to determine the 
optimal route on a set of geographic nodes. Each 
node representing the location point has 
latitude and longitude coordinates by 
calculating the distance between the nodes 
using the haversine formula that considers the 
curvature of the earth's surface to produce an 
accurate geodesic distance. 

Recent studies have shown a 
methodological shift from pure distance-based 
optimization to an approach that integrates 
Automatic Identification System (AIS) 
operational data, meteorological-hydrodynamic 
parameters (wind, waves, currents) as well as 
energy efficiency and emissions metrics [21]. 
Weather-aware routing approaches and open 
data-based frameworks have been shown to 
reduce fuel consumption and emissions across 
various service corridors [22], At the same time, 
it addresses navigation safety constraints 
through a dynamic route cost weighting model 
[23], Compared to these studies, this study 
provides a clear quantitative starting point 
regarding distance efficiency based on haversine 
and djikstra and affirms the benefits of distance 
savings as a first step towards reducing fuel 
consumption and emissions while opening up 
development space to integrate operational 
factors (drafts, limited zones, currents and 
waves) so that the model can develop into a 
more realistic and harmonious multi-criteria 
optimization with maritime energy efficiency 
policy [24].  

In the process of determining the starting 
route starting from the initial node B1 as the 
starting point of the journey, the djikstra 

algorithm is used to calculate the shortest route 
from the node it is visiting to all other nodes. 
From the results of the calculation, the nearest 
nodes that have never been visited before were 
selected using the nearest neighbor method to 
be the next destination. This process uses 
iterative repetition until all nodes are 
successfully visited. After all vertices are passed, 
the travel route is closed by returning to the 
starting point of the destination so that a 
complete route is formed with a minimum total 
mileage based on the principle of jara 
optimization on a weighted graph. 

The results of the calculation using the 
djikstra algorithm are visualized in the form of a 
network map with light blue nodes and all 
routes that are gray connections as well as the 
optimized routes marked with red lines from 
each segment of the travel route equipped with 
distance labels in kilometers. In the analysis of 
the sea transportation network, the search for 
the shortest route is one of the stages in 
determining efficiency and reducing 
environmental pollution to determine the 
movement from one node to another. The 
determination of the shortest route in this study 
was carried out using the djiktra algorithm 
which utilizes the geographical coordinates of 
each node, namely B1-B11. The results of the 
application of the djikstra algorithm can be seen 
in table 3 below. 

 
Table 3. Urutan rute hasil optimasi dan jarak 
tempuh setelah penerapan algoritma Dijkstra 

Massage From To 
Distance 

(km) 

Cumulative 
Distance 

(km) 

1 B1 B5 132.73 132.73 
2 B5 B10 47.42 180.14 
3 B10 B6 13.94 194.08 
4 B6 B7 53.57 247.65 
5 B7 B9 49.65 297.30 
6 B9 B8 9.39 306.69 
7 B8 B11 108.16 414.84 
8 B11 B4 250.93 665.78 
9 B4 B3 57.77 723.55 

10 B3 B2 235.95 959.50 
11 B2 B1 150.94 1110.44 

Total Mileage 
1110.44 

km 

 
From the table above, the route sequence 
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and total distance were obtained through data 
processing using the Dijkstra algorithm, 
resulting in the shortest trajectory with a total 
travel distance of 1,110.44 km. The algorithm 
operates iteratively by selecting the nearest 
unvisited node from the starting point (B1) and 
updating cumulative distances until all nodes 
have been evaluated and the route returns to 
the origin. The resulting travel sequence, B1–
B5–B10–B6–B7–B9–B8–B11–B4–B3–B2–B1, 
represents the optimal path within a weighted 
graph structure that minimizes total distance. In 
this model, edge weights are calculated based 
on the Euclidean distance between geographic 
coordinates, allowing the algorithm to 
determine the minimum-distance path between 
nodes. The optimized trajectory can therefore 
serve as a reference for shipping route planning 

and SBNP maintenance operations. 
This phenomenon is in line with the 

principle of the shortest path problem in graph 
theory that the djikstra lagrhythm is used to 
determine the minimum path from the initial 
node to the other node that is the point of visit. 
The difference in distance between nodes based 
on the minimum and maximum is 9.39 km to 
250.93 km which shows a significant variation in 
connectivity and distance distribution between 
each point. These results can be a reference in 
SBNP maintenance aplousing activities, 
transportation network planning, logistics 
distribution arrangements, and optimization of 
shipping route movements, especially in areas 
that have varying distances between points and 
indeed require high efficiency in mobility.

 

 
Figure 5. Visualization of the results of the iteration of the Dijkstra algorithm from the starting 

point B1 
 
Based on the visualization image of the 

node network modeling which represents the 
location points B1 to B11 which is calculated the 
distance between nodes using the havesine 
method to obtain coordinates-based geodesic 
distances, which is then determined by 
determining the order of the travel route is 

carried out using the djiktra algorithm which is 
implemented iteratively with the nearest 
neighbor approach. This variation in distance 
shows an imbalance in the spatial distribution 
between nodes which has implications for the 
importance of path optimization for movement 
efficiency. The visualization of the graph in the 
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image shows a representation of the 
relationship between nodes on the selected 
trajectory marked with a thick red line that 
depicts the path of the result of the djiktra 
algorithm. The thickness and color of the lines 
help distinguish the optimal path from the 
connections between other nodes shown with a 
thin gray line.  

The analysis results indicate that the 
shortest trajectory begins and ends at node B1 
after visiting all nodes in the sequence B1–B5–
B10–B6–B7–B9–B8–B11–B4–B3–B2–B1. This 

optimized sequence provides a clear 
comparison with the non-optimized route. 
Based on the evaluation of distances between 
nodes, the manually determined route arranged 
sequentially without considering distance 
efficiency resulted in a total travel distance of 
1,210.30 km. After applying the Dijkstra 
algorithm, the optimized route reduced the 
total distance to 1,110.44 km. This represents a 
distance saving of 99.86 km, demonstrating a 
significant improvement in route efficiency 
through algorithm-based optimization.

 
 

Savings = 1.210,30 𝑘𝑚 − 1.110,44 𝑘𝑚 = 99,86 𝑘𝑚    [25] 
 

The percentage of distance efficiency can be calculated as follows [26]: 
 

Efficiency =  
99,86

1.210,30
𝑥100% = 8,25% 

 
Table 4. Comparison of mileage before and after route optimization 

Aspects Before Optimization After Optimization Changes/Impacts 

Total Mileage 1,210.30 km 1,110.44 km 
Efficiency 99.86 km 

(−8.25%) 

Travel Time 
Longer (depending 
on the speed of the 

boat) 
Shorter 

Potential to accelerate 
SBNP surgery and 

maintenance 

Fuel Consumption Higher Lower 
Significant operational 

cost savings 

Exhaust Emissions 
(CO₂, SOx, NOx) 

Larger Smaller 
Supports compliance with 

IMO standards (EEDI, 
SEEMP) 

Navigation Safety 
Less than optimal 
pathway, higher 

potential risk 

More planned and 
efficient lines 

In line with IALA 
guidelines for safe 

navigation 

Economic Impact 
Greater logistics 

costs 
More efficient 
logistics costs 

Increasing the 
competitiveness of sea 

transportation 

Sustainability 

Negative 
contribution to 
marine and air 

pollution 

Positive contribution 
to carbon footprint 

reduction 

Supporting the 
sustainable transport 

SDGs agenda 

 
Based on the results above, the application 

of the djikstra algorithm was able to provide an 
increase in travel efficiency of 8.25%. 
Computationally, these results prove that the 
djikstra algorithm is effective in determining the 
shortest route based on geographic coordinate 

data. The 8.25% efficiency obtained is not only 
mathematically significant but also has 
implications for maritime strategic 
recommendations. From the perspective of 
maritime policy, mileage reduction supports the 
International Maritime Organization (IMO) 
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initiative related to reducing greenhouse gas 
emissions through the implementation of the 
Energy Efficiency Design Index (EDDI) and the 
Ship Energy Efficiency Management Plan 
(SEEMP). From the safety aspect of more 
optimal route navigation, it helps ships operate 
with lower risks. A planned route can reduce 
crew workload, minimize the potential for 
navigation errors and be in line with IALA 
guidelines in the processing of Navigational 
Assistance Facilities.  

From economic factors, the result of 
reducing mileage has a direct impact on fuel 
savings. Assuming a significant marine fuel 
crocodile, an efficiency of 8.25% can provide a 
large reduction in operational costs especially in 
long-term shipping and marine logistics 
activities. In terms of environmental 
sustainability, material efficiency of mileage 
contributes to the reduction of CO₂ and SOₓ 
emissions. With the efficiency of ship travel, it 
can reduce emissions while improving 
compliance with international standards. This 
supports the global agenda to reduce air and 
ocean pollution and improve the sustainability 
of the maritime transport sector. Based on the 
above results, the application of the djikstra 
algorithm that has not been widely applied in 
maritime case studies has not only proven to be 
effective in the technical aspect of computing 
but also relevant for real practice in the 
maritime sector so that it can contribute to 
sustainability policies in the maritime sector.  

 
5. Conclusions  

 
This study proves that the application of the 

djikstra algorithm can produce significant 
mileage efficiency with savings of as far as 98.86 
km or equivalent to 8.25% compared to routes 
without optimization. This efficiency has direct 
implications for reducing shipping time, saving 
fuel and reducing exhaust emissions that can 
support the sustainability agenda and 
protection of the marine environment. 

This application successfully applied the 
djikstra algorithm in determining the shortest 
route in the aplousing activity of the 
maintenance of Shipping Navigation Assistance 
Facilities (SBNP) in the work area of the Tanjung 

Perak Type A Navigation District Office. The 
challenges faced are to reduce fuel 
requirements and gain efficiency and reduce 
shipping time and reduce environmental 
pollution caused by suboptimal routes. The 
results of this study show that the application of 
the djikstra algorithm can provide significant 
distance savings. From the initial route of the 
trip without optimization, the total distance of 
1,210.30 km can be reduced after the 
application of the djikstra algorithm to get a 
more economical trip of 1,110.44 so that it 
produces 99.86 km or about 8.25% efficiency in 
travel. 

For port authorities, the results of this 
research can be used as a basis for finalizing and 
planning policies for ship operational routes, 
especially in the aplousing activities for the 
maintenance of Shipping Navigation Assistance 
Facilities (SBNP). For maritime operators, route 
optimization with this algorithm can increase 
cost-effectiveness, minimize the risk of delays 
and improve navigation safety with a more 
structured route. In addition, the 
implementation of this algorithm is in line with 
international sustainability initiatives such as 
the recommendations of the International 
Maritime Organization (IMO) related to energy 
efficiency and reduction in the shipping sector. 

This investment is expected to be an 
optimal route model that can be adopted on a 
larger scale both in domestic and international 
shipping routes. In the next research, it is 
necessary to add external factors such as sea 
currents, waves and wind so that the results of 
route planning are more accurate according to 
real geographical and operational conditions. 
Thus, the application of the djikstra algorithm is 
not only computationally beneficial but also 
makes a practical contribution to sustainability, 
safety and operational efficiency in the maritime 
transportation system. 
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