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The medium-term of Indonesian economy faced a fundamental challenges which still constrained about the development 
complementary production factors that inhibit the achievement of higher economic growth and quality. World Economic 
Forum (WEF) revealed that level of competitiveness in Indonesia is still left behind especially in infrastructure pillar, 
technological readiness pillar, and innovation pillar. This study aims to classify small ports that located around the port hubs 
in each region so that the distribution of goods process becomes more optimal and shipping costs can be minimized. After 
classify the data soit can be seen that shortest distance between hub and spoke which can be passalso grouping spoke based 
on the nearest hub. To support the latest route planning, SWOT analysiscan be done in order to determine that route planning 
of hub and spoke has been appropriate to improve port infrastructure based on times, resources, and also logistics costs. 
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I. INTRODUCTION 

 
Indonesia is an archipelago with over 17,000 islands. 
The total area of Indonesia was 7.9 million km² 
which consists of 1.8 million km² of land area, 3.2 
million km² of the territorial sea area, and 2.9 million 
km² of the Exclusive Economic Zone (EEZ), thus the 
total area of Indonesian waters is 77% of Indonesia’s 
total area, or threefold of Indonesia’s land area [20], 
so that the sea transport sector may be one of the 
most important factors in economic growth [22]. 
Development of communications or transport sub-
sector is one of the efforts to promote the economic 
growth which include trading activity, industry or 
activity of other transport system [15]. The medium-
term of Indonesian economy faced a fundamental 
challenge which still constrained about the 
development complementary production factors that 
inhibit the achievement of higher economic growth 
and quality. World Economic Forum (WEF) revealed 
that the level of competitiveness in Indonesia is still 

left behind, especially in the infrastructure pillar, 
technological readiness pillar, and 

 

 
 innovation pillar [13]. 

 

 

Figure 1. Development of Indonesia's Competitiveness 
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In the past eight years, WEF assessment shows that 
structural constraints that faced by Indonesia is still 
around of the three pillars. More specifically, the 
constraints of the infrastructure pillar came from the 
low quality of roads, ports, airports, train, and up to 
the quality of electricity supply [13]. 

 

 
Figure 2. Quality of Indonesia’s Infrastructure 

 
In Indonesia, there is an imbalance in the shipping of 
goods between west and east area of Indonesia. Most 
of the trading activity conducted in the area around 
the Java island, because this area is more developed 
and also most of the trade from foreign got there 
when arriving in Indonesia. While a suburb of 
Indonesia (especially eastern) are underdeveloped 
because of the large distances and low demand of 
supply. So, the Indonesian government seeks to 
balance between the economy of west and east area 
of Indonesia with a program namely the sea highway 
program (Revolution of Maritim in Indonesia) [16]. 
The definition of sea highway program can be 
interpreted as an effective sea connectivity where 
there are ships that sailing regularly and scheduled 
from west to east of Indonesia area, by the concept of 
sea highway and optimizing the commodity delivery 
of goods by sea which expected to beequitable 
development solution throughout all over of 
Indonesia but it can reduce the logistics cost for the 
islands with long distances.  
 
Nowadays, the government has determined five hub 
ports or mainor ports as a tool to be used for goods 
distribution. This study aims to classify small ports 
that located around the port hubs in each region so 
that the distribution of goods process becomes more 
optimal and shipping costs can be minimized and the 
shipping route will become more efficient. 
This study uses the concept of hub and spoke 
shipping. The others explain that the term of "hub and 
spoke" in maritime is the main port is normally 
selected as the"hub" which based on their location 
while the shipping request of other ports as "spokes" 
[11]. Large vessel usually used for the charge 
distribution between hub. The distribution between 
hub is called the main line. While smaller vessel is 

used to distribute the goods from hub to spokes or 
vice versa. 
 
II. BASIS THEORETICAL 

 
A. Research Position 
The position of this research is in one of shipping 
agent company in Indonesia. This research is 
animprovement of infrastructure based on system hub 
and spoke in sea highway of Indonesia. 
 
B. Infrastructure 
Physical and social infrastructure can be interpreted 
as most basic needs physical of the organizing system 
structures that necessary for guarantee the sector of 
public economy and the private sector as the services 
and facilities which also necessary for the economy to 
function properly [4]. This term generally refers to 
the case of technical or physical infrastructure that 
supports the network structure which includes road, 
rail, water, airports, canals, dams, dikes, sewage 
treatment, electricity telecommunicationsand 
functional ports. According to [9]infrastructure is a 
physical system that provides transportation, 
irrigation, drainage, buildings and other public 
facilities, which are required to fulfill basic human 
needs which are social needs and economic needs. 
 
C. Government Policies Related to Port 
According to [21] Indonesia as a maritime country 
has a sea area of more than 3.5 million km², which is 
twice of the land area. It is wide area has a big 
potential of fish resources. To explore the potential of 
required ports as berths, landing fish, improving 
fishing operations, marketing, and development of 
fishers. As archipelago that has wide area of sea and a 
long coastline, maritime and marine sector plays an 
important role for Indonesia in both economic and 
environmental aspects, social cultural, legal and 
security [7].Indonesia's infrastructure development 
(both port infrastructure, roads, and bridges) majority 
are still concentrated in Java island, so that the 
delivery of goods to the eastern region of Indonesia 
become expensive. The solution of the disparity 
problem that occurred between the west and east 
region of Indonesia was given by Joko Widodo as 
President of Indonesia with launching a sea highway 
program. The sea highway defines as a lane logistics 
distribution system using public transportation route 
that scheduled from the corner of west to east and 
from north to south Indonesia. Sea highway aims to 
develop the maritime economy, with objectives to 
make the production and marketing of connectivity 
between regions or islands in Indonesia. The 
government hopes that by realizing the sea highway 
program can reduce logistics costs that holds the 
important key to price disparities which occur 
between Java and non-Java. Thus, the price’s stability 
of goods and commodities between regions can be 
maintained [2]. 
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D. Port 
Port is a area of land and waters and surrounding with 
certain limits as the place for government 
administration and shipping service. The main 
function of port is the place for ship to lane, docked, 
passengers activity and loading or unloading of goods 
that is equipped with the safety shipping facility and 
support activities for port and also the displacement 
place for intra and inter-modal transport [10]. 
 
E. System Hub and Spoke 
The term of "hub and spoke" in maritime is the main 
port is normally selected as the"hub" which based on 
their location while the shipping request of other 
ports as "spokes" [11]. Large vessel usually used for 
the charge distribution between hub. The distribution 
between hub is called the main line. While smaller 
vessel is used to distribute the goods from hub to 
spokes or vice versa. System of "Hub and Spoke" is 
developed by taking into the whole point of origin 
and destination point of goods delivery.  
With this system, efficiency can be achieved through 
shipping frequency becomes lower level and fleet 
utilization levels become better because it can be 
adapted to the volume. A "hub port" is one of the 
commodities that will be transport by a big boat 
which will be transport with small boat to various 
destination ports. Hub ports have spokes that connect 
the two networks is usually known as "the collector 
route" which defines that they drain the cargo from 
the large port to the smaller port [6]. 
 
F. Pendulum Nusantara 
Implementation of sea highways concept begins by 
determining the hub port (national) based on the 
magnitude of the regions and also the potential 
charges. In the pendulum nusantara there are several 
alternative routes port (hub) which has a high charge 
potential and has impact on efficiency when served 
by a fleet that moves like a pendulum from west to 
east of Indonesia. [3]. Other references said that the 
pendulum nusantara is a shipping route system along 
east-west lines of Indonesia which operates like a 
pendulum. Route will pass through six major ports, 
namely Belawan, Batam, Jakarta, Surabaya, 
Makassar and Sorong. In the United States, pendulum 
nusantara concept has been widely applied in the 
world of shipping, aviation, and even 
telecommunications (backbone). 
 Pendulum Nusantara concept reputedly first by RJ 
Lino (President Director of Pelindo II), due to the 
high cost of logistics in Indonesia. This pendulum 
will navigable large ship with capacity of 3,000 
containers. RJ Lino argues that scale of economies 
will be achieved when using a large vessel that 
capable of carrying 3,200 containers at a time. Based 
on the information, the system of pendulum nusatara 
will able to suppress the transport costs of each 
container up to 20% of the current cost [24]. 
 

G. Clustering 
Clustering is a group or set of data objects that are 
similar to one another within the same cluster and 
disimilar against different objects cluster. Objects 
will group into one or more clusters so that objects 
that are in one cluster will have a high similarity 
between each other [1]. Through use of this clustering, 
it can classify populated area to finding the patterns 
of distribution as a whole over, and discover 
interesting interrelationships between data attributes. 
In data mining, efforts have been focused on the 
methods of the invention to cluster in large data base 
on effectively and efficiently [14]. 
K-Means Clustering is one method of data clustering. 
K is intended as a constant number of clusters desired, 
Means in this case means the value of an average of a 
data group which in this case is defined as a cluster, 
so the K-Means Clustering is a method of data 
analysis or data mining methods that has modeling 
process without supervision (unsupervised) and it is 
one of grouping method of the data to the system 
partition. K-Means method seeks to classify the data 
into several groups, where data in one group have the 
same characteristics and have different characteristics 
with the existing data in the other group [19]. 
 
H. Business Feasibility Study 
The feasibility study is an activity to learn a effort to 
be executed, to determine whether or not a business is 
run [12]. According to [23] feasibility study is a study 
of the business plan which is not only feasible or not 
feasible to analyze, but also when operated on a 
regular basis in order to achieve maximum benefit for 
an indefinite period [23]. As one of the methods that 
used to conduct the feasibility study that is SWOT. 
SWOT is an acronym of the words Strength  (force), 
Weaknesses (weakness), Opportunities 
(opportunities), and Threats  (threats). SWOT 
Analysis is an analysis which consists of a micro 
environment analysis that aims to identify strengths 
and weaknesses, and the analysis of the macro 
environment that aims to identify opportunities and 
threats [17]. 
 
III. RESEARCH METHODOLOGY 
 
A. K-Means Algorithm 
The early stages on data clusterisation process using 
K-Means algorithm is the starting of centroid  cj 
formation. In general, the formation of a starting 
point centroid randomly generated. Total of centroid 
cj generated in accordance with the number of 
clusters is determined at the beginning. After k 
centroid formed then the process continiouing by 
calculated within each form of data xi with centroid  j 
to k, denoted by d (xi, cj). There is some measure of 
distance is used as a measure of similarity an data 
instance, one of which is the distance is Euclid. The 
calculation of the Euclidean distance is show in the 
following equation below : 
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d (Xi, Cj) = ∑ (Xi − Cj)   
 (1) 
 
B. SWOT Analysis 
SWOT Analysis comparing external factors of 
opportunities and threats and internal factors of 
strengths and weaknesses. Internal factors 
incorporated into the matrix that called the matrix of 
internal strategy factors or IFAS (Internal Strategic 
Factor Analysis Summary). External factors 
incorporated into the matrix that called the matrix of 
external factors strategy or EFAS (External Strategic 
Factor Analysis Summary). After the matrix of 
internal factors and external strategy is completed, 
then the results are inputed to quantitative model, 
which is SWOT matrix to formulate a company's 
competitive strategy. 
 

Table 1. Matrix of External Strategic Factor Analysis 
Summary (EFAS) 

External 
Strategies 

Factor 

Weight
s 

Ratin
g 

Weigh
t X 

Rating 

Des
cript
ion 

Opportunit
y X X X  

Number X X X  
Threat X X X  

Amount X X X  
Total X X X  

 (Source: Fredi Rangkuti 2004) 
 
Table 2. Matrix of Internal Strategic Factor Analysis Summary 

(IFAS) 
External 

Strategies 
Factor 

Weight
s 

Ratin
g 

Weigh
t X 

Rating 

Descri
ption 

Strength X X X  
Number X X X  
Weaknes

s X X X  

Amount X X X  
Total X X X  

(Source: Fredi Rangkuti 2004) 
 
Furthermore, after performing weighting then 
continued to the process of preparing the company 
strategic factors in the form of a SWOT matrix 
manufacture. The matrices can be clearly potray how 
the external opportunities and threats which faced by 
the company can be customized with its strengths and 
weaknesses. The matrices can produce four sets of 
possible strategic alternatives. 
 

 

Figure 3. Matrix SWOT 

 
Specification: 
1. SO Strategies (Strength-Opportunities,) This 
strategy is based on the company's way of thinking, 
that is to take advantage of all the power to seize and 
exploit opportunities. 
 
2. ST Strategy (Strenghts-Threats,) is a strategy to 
use the power of the company to solve the threat.  
3. WO Strategy (Weknesses-Opportunities,) This 
strategy is based on the utilization of existing 
opportunities by minimizing weaknesses.  

 
4. WT Strategy (Weknesses-Threats), This strategy 
is based on activities that are defensive and try to 
minimize weaknesses and avoid threats. 
 
IV. RESULT AND DISCUSSION 

 
A. Clustering with Euclidean Distance 
The routes in this research is routes that taken from 
hub to spokes by RPJMN 2015-2019 from west to 
east region of Indonesia and vice versa. 
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Figure 4. Hub and Spoke Routes 

 
Data processing is performed by using the K-Means 
algorithm. The processing is done in order to segment 
the spokes based on the nearest hub location. Based 
on the data processing that has been performed, then 
it obtained the following results below: 
 

Table 3. Route or Shipping Network Based on Government 
Policy (BAPENAS) 

No 
H
u
b 

Spoke Distanc
e 

Belawa
n 

1 Malahayati 212 
1 Teluk Bayur 787 
1 Jambi 1138 
1 Batu Ampar Batam 718 
1 Panjang (Sumatera) 1788 
1 Palembang 1416 

Tanjun
g Priok 

2 Jambi 886 
2 Palembang 614 
2 Pontianak 2804 

2 Tanjung 
Emas/Semarang 466 

2 Panjang (Sumatera) 1788 

Tanjun
g Perak 

3 Tanjung 
Emas/Semarang 310 

3 Sampit (Pulau 
Kalimantan) 3621 

3 Banjarmasin 954 

Makass
ar 

4 Kariangau 
Balikpapan 3945 

4 Banjarmasin 1078 
4 Palaran Samarinda 3974 
4 Tenau Kupang 4665 

4 Pantoloan 
(Sulawesi) 857 

4 Kendari (Sulawesi) 4616 

Bitung 
5 Pantoloan 

(Sulawesi) 975 

5 Ternate 5604 

No 
H
u
b 

Spoke Distanc
e 

5 Ambon 4744 
5 Sorong 5194 
5 Jayapura 6398 

 
Table 4. New Route or Shipping Network Based on Euclidean 

Distance 

No Hu
b Spoke Jarak 

(km) 

Belawan 

1 Malahayati 212 
1 Teluk Bayur 787 
1 Jambi 1138 

1 Batu Ampar 
Batam 718 

Tanjung 
Priok 

2 Tanjung 
Emas/Semarang 466 

2 Pontianak 791 
2 Palembang 614 

2 Panjang 
(Sumatera) 232 

Tanjung 
Perak 

3 Tanjung 
Emas/Semarang 310 

3 Sampit (Pulau 
Kalimantan) 540 

3 Banjarmasin 954 

3 Kariangau 
Balikpapan 1422 

3 Palaran 
Samarinda 1451 

3 Tenau Kupang 1899 

Makassar 

4 Banjarmasin 1078 
4 Balikpapan 613 

4 Palaran 
Samarinda 716 

4 Pantoloan 
(Sulawesi) 857 

4 Kendari 
(Sulawesi) 1009 

4 Tenau Kupang 1170 

Bitung 

5 Pantoloan 
(Sulawesi) 975 

5 Ternate 281 
5 Ambon 894 
5 Sorong 871 
5 Jayapura 2074 

 
From the results of data processing above can be seen 
that there is a difference in distance from before 
processsing the data with the data that has been 
clustered. Based on the data after clusterisation, it can 
be seen that the shortest distance between hub and 
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spoke which can be passalso grouping spoke based on 
the nearest hub. Then it can be continuity with 
planning new route between the hub and spoke by 
considering the shortest distance that has been 
obtained. To support the latest route planning, the 
SWOT analysiscan be done in order to determine 
whether the route planning of hub and spoke has been 
appropriate to improve port infrastructure based on 
times, resources, and also logistics costs. 
 
B. SWOT Analysis 
SWOT analysis used to determine optimization 
strategy of the Strengths and Opportunities and also 
to minimize Weaknesses and Threats. Each strategy 
is based on existing indicators. Weaknesses and 
Threats do not only act as an inhibiting factor, but 
also as a contributing factor. With weakness and 
threats, the use of Strengths and Opportunities can be 
optimized. For each of these strategies can be seen in 
below. 
 
1. Strength 
 Shorterdistance traveled 
 Lower logistics cost  
 Shorter shipping time 
 
2. Opportunities 
 Open a new route 
 Increased demand for loading and unloading 
process 
 
3. Weakness 
 Insufficient port 
 Rescheduled of ship’s departure 
 Many unreachable areas 
 Not fulfill Ship follow the trade’s concept 
 
4. Threats 
 Lower goods demand 
 Lack of industrial area 
 
CONCLUSION 
 
Based on the research that has been done, the 
conclusion as follows: 
1. Based on the data after clusterisation, it can be 
seen that the shortest distance between hub and spoke 
which can be passalso grouping spoke based on the 
nearest hub. 
2. After conducting SWOT analysis it can be seen 
that in planning the new route there are strengths and 
opportunities, but it is undeniable that there are also 
deficiencies and threats that will be faced by the 
shipping side. 
 
Therefore, for further researchthe writer hopes that 
the next researcher can conduct the overall business 
feasibility study that also covering logistics cost and 
route optimization. 
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