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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 LPWAN (Low Power, Wide Area Network) 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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INTRODUCTION

Nowadays, only large vessels are obliged
to install Automatic Identiﬁcation System
(AIS)[1], and small vessels are not obliged to
do so. On the other hands, as a result, 70[%]
of marine accidents in Japan, the most common accident is a collision accident (according to statistics from the Japan Coast Guard

[2]). It is recommended that small vessels be
equipped with a simpliﬁed AIS, but a radio license is required. Therefore, the following system as shown as ﬁg.1 to reduce accidents of
small boats will be proposed [3].
First, it will be considered that the small
number of accidents in large vessels is due
to the fact that the coordinates of surrounding AIS-equipped vessels can be acquired by
AIS information. From this viewpoint, small
vessels should be equipped with LoRa (Long
Range) systems [4] that is unlicensed Low
Power, Wide Area Network (LPWAN) radio
[5] instead of AIS for the above-mentioned reasons. The coordinate data of the on-board vessel is continuously transmitted, and the coordinate data is received by the cloud server (it
will be performed on the Japan Gigabit Network system [7], ﬁg. 1). The sailing route is
predicted by the server. Next, if it is determined that the small vessel approaches a radius
of 500[m] from the small vessel, the system
will be determined a danger of collision. The
radio that receives the danger signal sounds an
alarm and informs to the mariners, to avoid a
collision. In view of the above background,
this study will be used the one of the machine
learning method called Support Vector Regression (SVR) [6], for developing a system for
predicting the sailing route from the coordinate
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Figure 1. A Covered Area the Proposed Systems Followed.

data. However, the LoRa radio on board is not
yet completed and it is difﬁcult to obtain the
coordinate data of small vessels at this time.
From this issue, the AIS data will be applied
for the veriﬁcation experiment in this study.
The structure of this paper is as follows. Section 2 describes the AIS, its received data collection method. Section 3 describes the outline of the data to be predicted and describes
the predicted results and considerations. Finally, section 4 describes the conclusions of
this study and the future works.
2

SUBJECTION AREA AND ITS PROBLEM – HOW TO COLLECT AIS DATA
?

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 [7]. Figure 1 shows a schematic diagram of communication between ships and between vessels and
base stations.
When establishing a collision prediction system 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.
2.1 About AIS
AIS is a radio device that uses two waves
of 161.975[MHz] and 162.025[MHz] of the international VHF. Currently, the following ships
are required to be installed under domestic law:
• All vessels engaged in international voyages of 300 gross tons or more.
• All passenger ships engaged in international voyages.
• All vessels that are not engaged in international voyage and have a gross weight
of 500 gross tons or more.
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The information transmitted by the AIS
is divided into three types: static information, navigation-related information, and dynamic information. The dynamic information
changes during navigation, so it is transmitted every few seconds. The transmission interval becomes narrower as the speed increases.
Since static information and navigation-related
information do not change during navigation,
they are transmitted every few minutes or at
the request from other agency. Each information includes MMSI (Maritime Mobile Service
Identity) number is entered as an ID, which
identiﬁes the source vessel.
2.2

Overview of Elasticsearch – Cloud
Server

Elasticsearch is a full-text search engine.
Its main features are its ability to handle big
data, high-speed search performance, and partial match search. AIS sends dynamic information every few seconds. Therefore, the amount
of data is inevitably large. On the other hands,
the data used in this study is only dynamic information and does not need static information
or navigation-related information. For this reason, we constructed a cloud server using Elasticsearch.
2.3

ﬂow of AIS data input. The received data is
input to a board computer called Jetson nano
by serial communication. Data demodulation
software is also installed on Jetson nano. The
demodulated data is output to UDP port 10110
by UDP using Python script.

Overview of kibana – Visualizer

Kibana is a tool that is able to visualize the
data stored in Elasticsearch. Currently, the authors visualize the vessel coordinates and its direction on a map using the acquired AIS data.
These are shown in ﬁg. 2. In Kibana, the
user can search in detail from the data stored
in Elasticsearch, and can download the necessary data as a CSV (Comma-separated values)
ﬁle.
2.4

Figure 2. A Visualization Result of AIS using Kibana.

AIS Data Collection Method

In this study, to acquire AIS information, a
VHF antenna was installed on the rooftop of
Building 5, Engineering Building, Ehime University in September 2019. In addition, an AIS
receiver was developed using a USB tuner for
PC as a software receiver. Figure 3 shows the

Figure 3. An Installed VHF Antenna to Acquire AIS
Information.

After the data input to the UDP server is
decoded by Python, the data is input to the
Elasticsearch port number 9100 of the server.
When the data is input to Elasticsearch, a time
stamp is added. The time data obtained from
the dynamic information is inaccurate, so that
highly accurate time data can be obtained from
the time stamp.
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Table 1. Learning Parameters of SVR
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Property

Value

Regularization parameter C
Error tolerance ²
Kernel parameter γ

1000
0.005
0.05

VERIFICATION EXPERIMENT –
VESSEL IDENTIFICATION AND
ROUTE PREDICTION USING SVR

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; In
the proposed prediction system, that won’t use
the data received and stored in advance, but it
would like to adopt a system that learns and
predicts from the coordinates received in real
time. The important points of this system is
that means that it is not necessary to learn the
sailing route in advance. In other words, it can
be said that the advantage is that prediction can
be made without problems even for the vessel
that has received the signal for the ﬁrst time.
However, the disadvantages of this method are
that it takes a long time to learn and predict
on the spot, and that the accuracy of the output result cannot be guaranteed due to the small
amount of training data. In this paper, we focused on the emphasis on accuracy.
Especially, in this paper, in creating a prediction model, this paper uses one day of AIS
data received on January 24, 2020. In order
to examine the accuracy of the prediction, the
number of received vessels and the number of
received vessels were small. The authors have
prepared a total of two types of data: ships and
data with missing data in the middle. However,
Kibana does not have a function to search for
the ship with the best data. Was downloaded in
CSV ﬁle format, and a program was created to
split the CSV ﬁle for each MMSI number us-

ing a Python script. In this experimentation,
prediction is performed using the SVR from
the Python Scikit-learn module. For the prediction program system, when predicting the
ninth data, the ﬁrst to eighth data are used as
training data. For the prediction of the 10th
data, the 2nd to 9th data are made into learning
data by shifting them one by one into learning
data. In this experiment, we chose the method
because of the data collection period was short.
In addition, if accurate predictions can be made
with the last eight data sets, less training data
is required. This means that the learning time
can be reduced and the real-time performance
can be improved. In addition, table 1 and eq
(1) show the learning parameters and the kernel function for SVR.
(
)
2
K (x, x0 ) = exp −γ ||x − x0 ||
(1)
3.1 Accuracy Evaluation Method of the
Prediction Results
The prediction result will be output to the
graph along with the test data of latitude and
longitude. When outputting the graph, time is
plotted on the horizontal axis, however, converted to the elapsed time [s] from 00:00:00
instead of time. The following calculation was
performed to examine the practicality. The prediction error of the intermediate route was conﬁrmed. In this case, the mean absolute error
(MAE) between the prediction result and the
test data was calculated. It is difﬁcult to understand the speciﬁc size because it is output as
the difference between the two. The formula
for converting the error from the transmission
position to the meter unit was obtained. The
value of the average absolute error was set to
MAE.
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The each latitude and longitude are 360[◦ ],
and the circumference of the Earth is about
40,054,782[m] because of the earth is a perfect
sphere. Therefore, the prediction error will be
given the following:
40054782
× MAE
(2)
360
Thus, the error between the predicted result of
the timing received next to the latest data plotted on the graph and the actual coordinates will
be calculated.
error =

3.2

Predicting the Sailing Route of Large
Vessels using SVR (1) – HOKUSYU
MARU NO.2

In this veriﬁcation, examination of the vessel with the MMSI of 431601109 revealed
that it was a cargo vassel named “HOKUSYU
MARU NO.2. ” Figure 4 shows the routes that
could be received at that time. The amount of
sailing data was about 2,700.
Figure

Figure 5. The Prediction Result of HOKUSHU MARU
NO.2 (Latitude Direction).

Figure 4. The Sailing Route of HOKUSHU MARU
NO.2.

5 shows the prediction results for the latitude
time for the sailing route prediction results for
HOKUSHU MARU NO.2. In addition, ﬁgure
6 shows the graph that plotting the error between the latitude regression line and the actual
latitude. Moreover, ﬁgures 7 and 8 show the
similar graph for the its longitude. The number of data to be learned was 9 and the number of data to be predicted was 1200. That is,
the learning was performed 1200 times. As
mentioned in the introduction, we have considered to create a system that will sound an

Figure 6. The Prediction Error of HOKUSHU MARU
NO.2 (Latitude Direction).
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alarm when it is within 500[m]. The average
error of the regression line is about 5.768[m],
so when the alarm sounds, the average The deviation was about 6.969[m], so the error was
1.1[%]. It can be said that this is sufﬁciently
accurate.
3.3 Predicting the Sailing Route of Large
Vessels using SVR (2) – YAWATA
MARU NO.15

Figure 7. The Prediction Result of HOKUSHU MARU
NO.2 (Longitude Direction).

Next, about one-third of the data size of the
vessel that received the least number of times
have been used for the veriﬁcation. In this paper, we used the data of a vessel whose MMSI
is 431012284. It turned out that it was a cargo
ship called “YAWATA MARU NO.15. ” Figure 9 shows the routes within the range that
could be received. The number of data was
about 2,000.
Next, the graphs of the

Figure 9.
NO.15.

Figure 8. The Prediction Error of HOKUSHU MARU
NO.2 (Longitude Direction).

The Sailing Route of YAWATA MARU

prediction results and errors are shown in ﬁgs.
10 through 13 for the route prediction results
of the YAWATA MARU NO.15 as above. The
number of learning data is 9, and the total of
the predicted data is 400. In the graphs of result, it can be conﬁrmed that the accuracy increases with time. The average error between
the regression line and the actual route is large
because the error at the beginning of the prediction is large. Therefore, sufﬁcient time has
passed. As the learning progresses, the accuracy of below about 1.0[%] error can be guaranteed.
6
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Figure 10. The Prediction Result of YAWATA MARU
NO.15 (Latitude Direction).

Figure 12. The Prediction Result of YAWATA MARU
NO.15 (Longitude Direction).

Figure 11. The Prediction Error of YAWATA MARU
NO.15 (Latitude Direction).

Figure 13. The Prediction Error of YAWATA MARU
NO.15 (Longitude Direction).
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Table 2. Summary of Sailing Route Prediction for HOKUSYU MARU NO.2

Property

Value

Average error of latitudinal predicted sailing route
12.239[m]
Maximum error of latitude predicted sailing route
1463.6[m]
Latitude prediction after about 10[s]
33.864
Actual latitude after about 10[s]
33.864
Prediction error of latitude
1.5762[m]
Average error of longitude predicted sailing route
9.8746[m]
Maximum error of longitude predicted sailing route
1715.1[m]
Longitude prediction after about 10[s]
132.70
Actual longitude after about 10[s]
132.70
Prediction error of longitude
2.5961[m]
Actual average prediction error obtained from latitude / longitude 163.41[m]

Table 3. Summary of Sailing Route Prediction for YAWATA MARU NO.15

Property

Value

Average error of latitudinal predicted sailing route
1.8544[m]
Maximum error of latitude predicted sailing route
56.559[m]
Latitude prediction after about 10[s]
33.852
Actual latitude after about 10[s]
33.852
Prediction error of latitude
1.8544[m]
Average error of longitude predicted sailing route
1.8544[m]
Maximum error of longitude predicted sailing route
30.597[m]
Longitude prediction after about 10[s]
132.68
Actual longitude after about 10[s]
132.68
Prediction error of longitude
3.7088[m]
Actual average prediction error obtained from latitude / longitude 5.7697[m]
3.4

Summary of the Veriﬁcation Experiment

From the veriﬁcation experiment, highly accurate predictions could be made even with a
small amount of training data. Highly practical results were obtained unless data was missing such as future prediction errors were within
10[m] and 2[%]. The above results show that
the accuracy is guaranteed if the data interval is
small, regardless of the number of data. From
the results, that if the interval was enlarge than
about 2 minutes, the error would be too large
to predict.
Next, the prediction error of each latitude
and longitude are shown in the table 2 and 3.
Comparing table 2 and 3, the sailing route prediction results in the future are nearly, how-

ever, the error of the prediction sailing route
was enlarge in both latitude and longitude. It
is concluded that the large variation could not
be accommodated due to the small amount of
data. In addition, it was found that the errors
of the predicted sailing route were large in table 3. In other words, we can conclude that the
prediction error would be too large to predict if
the transmit interval time enlarge than about 2
minutes.
4 CONCLUSION
In this paper, the route prediction system using SVR has been proposed. As result of the
veriﬁcation experiment, it was found that the
accuracy of the prediction result by SVR was
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not guaranteed unless the coordinate data could
be received for more than 2 minutes. This is
because only the probability and the heading
angle can be known without considering the
speed. From this viewpoint, the LoRa system
must send the coordinate data within 2 minutes
when introducing the system proposed in this
study. In addition, in the Seto Inland Sea, there
are many small islands. As the future study, we
will focused on how to cover these areas where
radio waves cannot be received. In this study,
AIS was applied for predictions using SVR.
The future study is needed because there are issues that have not been studied as to whether it
can be applied to fast-moving ships with small
turns. In detail, the system will be considered
a pair of a state and an action of the vessel for
predict the sailing route [8, 9].
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