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ABSTRACT
Nowadays, vessels such as cargo vessels, ferries,
and ﬁshing boats are constantly coming and going
on all over the sea. On the other hands, unfortunately, collisions among vessels account for about
one-quarter of the total accidents. In this paper,
small boats such as ﬁshing boats and pleasure boats
that is not required to mount Automatic Identiﬁcation System (AIS) has been focused on. In detail,
a module for LoRa (Long Range) wireless, which
is one of the LPWA (Low Power, Wide Area) standards, and a GPS module are mounted on a small
vessel. Moreover, machine learning is used to determine by predicting the navigation route, a system
to avoid collisions between ships has been considered.
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1

INTRODUCTION

Nowadays, vessels such as cargo vessels, ferries, and ﬁshing boats are constantly coming
and going on all over the sea. On the other
hands, unfortunately, collisions among vessels

account for about one-quarter of the total accidents [1]. Large vessels are obliged to have an
Automatic Identiﬁcation System (AIS) which
is used to display the position of other vessels
on the radar. From the reason, there are few
cases to collision with each other large vessels.
On the other hand, small boats such as ﬁshing boats and pleasure boats are not required to
mount AIS. Therefore, a small vessel can only
conﬁrm the position of another vessel by visual observation by passengers or pilot. In addition, the AIS equipment itself is very expensive, and a license for a radio station is required
for activation. However, most of accidents had
been caused by small vessels, therefore, to deal
this issue is important [2]. Therefore, in this
study, a module for LoRa (Long Range) wireless, which is one of the LPWA (Low Power,
Wide Area) standards, and a GPS module are
mounted on a small vessel, and machine learning is used to determine by predicting the navigation route, a system to avoid collisions between vessels has been considered. In this paper, as the ﬁrst step of the collision avoidance
system between vessels, the route prediction of
large vessels by Random Forest and the identiﬁcation of small vessels by k-means clustering
were performed. From the veriﬁcation experiment, the proposed method has been conﬁrmed
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that identify each vessels and predicted each
vessel’s route in case of except the route get
crossed with another vessel’s route.
This paper is organized as follows: In section 2 gives an outline of the proposed method.
Section 3 describes the veriﬁcation experiment
contents, experimental results, and considerations when identifying vessels using GPS data
of actual small vessels using k-means clustering. Next, section 4 describes the experimental contents, experimental results, and considerations when using the Random Forest to predict the route of the ship using actual AIS data.
Finally, section 5 describes the conclusions of
this study and the future works.
2

SUBJECTION AREA AND ITS PROBLEM

The route prediction system for veriﬁcation ﬁeld work in this study takes the form of
mounting a board computer such as Raspberry
Pi on a vessel. It not only transmits and receives GPS information to and from other vessels and land-based base stations, but also uses
its own vessel identiﬁcation and linear prediction for small vessels. However, it is difﬁcult
to predict the route using machine learning in
addition to the above process on a scale such
as a board computer. It will be performed on
the Japan Gigabit Network system [3]. Figure 1 shows a schematic diagram of communication between ships and between vessels and
base stations.

tem for vessels at sea, if small vessels can be
assigned identiﬁcation numbers such as MMSI
numbers (marine mobile service identiﬁcation
codes) for large vessels, identiﬁcation number
will be assigned each one vessel and route data
will be tied it. However, when an identiﬁcation number is assigned to a small boat such as
a ﬁshing boat, the navigation route and ﬁshing
ground information of that boat are recorded.
In this regard, the GPS module is used for ﬁshermen who want to keep the ﬁshing ground
conﬁdential. In this case, because of they want
to keep secret these point, there was a possibility that consent could not be obtained for
the installation of wireless devices, including
those on board. Therefore, in order to predict
the route of a small vessel, it was necessary to
temporarily navigate during navigation based
on GPS data to which no identiﬁcation number was assigned. There is a problem that the
ship must be identiﬁed and the route must be
predicted from the results.
3 VERIFICATION EXPERIMENT –
VESSEL IDENTIFICATION AND
ROUTE PREDICTION USING MACHINE LEARNING
As mentioned above, when constructing a
collision prediction system for vessels on the
sea, in order to predict the route of a small
vessel, the identiﬁcation of the vessel that is
temporarily navigating based on GPS data to
which no identiﬁcation number is assigned, is
performed. Therefore, it was necessary to predict the route based on the results. As a ﬁrst
step, the following method was applied;
(1) Identiﬁcation of small vessels by combining k-means clustering and GPS information.
(2) Navigation of large vessels using Random
Forest.

Figure 1. A Covered Area the Proposed Systems Followed.

When establishing a collision prediction sys-

3.1 Experiments on Identiﬁcation of Small
Vessels by k-Means Clustering
In the veriﬁcation experiment, we used GPS
data obtained near the Shimanami Kaido in
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Japan while actually boarding a small vessel 2.
Here, only a part of the GPS data of two small
vessels are extracted and tested whether it is
possible to identify each of them. The original
GPS transmission is every 10 seconds, however, in this experiment does not consider time
data, but treats it as only latitude and longitude
data.

for acquiring GPS data is different from that of
other vessels, or if the vessels are navigating at
short distances, etc. When identifying a vessel,
it is necessary to consider a system that can reliably identify the vessel, taking into account
various situations such as intersection and separation.
3.2 Experiments for Predicting the Route
of Large Vessels using Random Forest
Compared to small vessels such as ﬁshing
boats and pleasure boats, the time and route of
large vessels such as liner are predetermined.
The route prediction method of large vessels
by Random Forest was implemented.
(1) Daily data
(2) 8 days of data

Figure 2. Target Object for k-Means Clustering.

Figure 3. Result of k-Means Clustering and Identiﬁcation.

Figure 3 shows the result of executing
k-means clustering on the GPS information
shown in ﬁg. 2 with 2-clusters. In ﬁgure 3,
it can be seen that the GPS data was correctly
clustered as red and blue data for each route.
Here, the GPS data of the small ship could
be divided into two types of clusters using kmeans clustering. However, it may that the
proposed method alone will not always result
in correct clustering such as the time interval

(3) 14 days data
Random Forest was applied to the three types
of data. The input data used for Random Forest is the time difference [s] between 15 positions from a certain point in time and 15 pieces
of position information from a certain point
in time. The output data is the position at a
certain point in time. If there is a difference
of 200 seconds or more in the data, it is assumed that this ship has called and is not included as training data for navigation prediction. (Total number of data−15) sets were created and used as training data.
Here, the liner between Mitsuhama Port,
Matsuyama City and Nakajima Port, Matsuyama City:
(1) January 26, 2020
(2) January 19, 2020 ∼ 8 days of January 26,
2020
(3) January 13, 2020 ∼ 14 days January 26,
2020
The above three data sets were divided into
learning data for the data up to 19:00 on March
26 and 256 data (19:00∼23:59) on 26th as test
data. For the data of 19:10∼19:15 in the test
data, the route was predicted based on each
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learning model. Of these, 00:00∼January 2020
on January 13, 2020 The number of data at
19:00 on March 26 is 28,064, which is used
as training data. In this case, too, 10[%] of the
training data is used to evaluate how much the
learning model matches the original data.
The actual predicted results for each longitude are superimposed on the test data, as
shown in ﬁgs. 6 through . The more data,
the more accurate the prediction was. In the
case of the data set (1), the prediction result
was signiﬁcantly different from the actual data,
but this was due to the time (19:10∼19:15),
the data of the place where the liner passed
was not included much in the training data
(00:00∼19:00 on March 26), and a highly accurate learning model could be obtained using
Random Forest.
The data set in (2) and (3) was able to acquire
data of 19:10∼19:15 over several days, and
more accurate learning was performed using
Random Forest. Since the model was created,
it is considered that the prediction was more
accurate than the data set in (1).

Figure 5. Prediction Result using Random Forest (Daily
Data, Time vs. Longitude).

Figure 6. Prediction Result using Random Forest (8
Days of Data, Time vs. Latitude).

Figure 4. Prediction Result using Random Forest (Daily
Data, Time vs. Latitude).

4

CONCLUSION

In this paper, as a ﬁrst step toward realizing a
vessel collision avoidance system between ves-

Figure 7. Prediction Result using Random Forest (8
Days of Data, Time vs. Longitude).
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sels on the sea, we veriﬁed by applying two indices and two methods, identiﬁcation of small
vessels and prediction of the route of large vessels. ,
(1) By applying k-means clustering to GPS
information, it was conﬁrmed that small
vessels can be identiﬁed under conditions
where vessels do not cross each other.
(2) By applying Random Forest to large vessels, it was conﬁrmed that the more data
to be learned, the more accurate the prediction of the route.

Figure 8. Prediction Result using Random Forest (14
Days of Data, Time vs. Latitude).

In addition, in order to actually operate them as
a vessel collision avoidance system, it is necessary to combine each function. There are many
issues such as how to bring prediction results to
a collision avoidance system.
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