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Abstract
A person who has responsible for ship’s safety, such as captain and Vessel Traffic Service
Operator (VTSO), should make a decision to prevent the ship from colliding or other accident
related on traffic situation. At this time, the positions of the own ship and the opponent ship are
used for identification and prediction of the future situation, and the action is selected based
on this information. Here, the person in charge predicts the position of itself and the opposing
ship, and the calculated positions are called Dead Reckoning Position (DRP). In the existing
DRP calculation, the position of the ship is predicted based on the current position, speed and
course, so it cannot be applied in all navigation situations. For this reason, both the vessel and
the VTS center utilize the navigation intentions of the two vessels related to the traffic situation
for their own decision-making. In this study, we intend to predict the ship’s position based
on the route extraction method proposed in the SVR seaway model. We predict the future
speed, and propose a method of predicting the position applied to the SVR seaway model. For
the verification of the proposed DRP calculation, a virtual path and ship’s trajectories which
are similar to the actual navigation environment were constructed. As a result, comparison
data between the existing DRP and proposed DRP are presented. And enhanced closest point
of approach calculation results are presented for two approaching ships as a time series. We
expect that the advanced DRP could be used for relevant tasks to ship’s mater and/or VTSO.
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1.

Introduction

Recently, the environment of marine traffic conflicts with the use of limited marine space and
the aspect of traditional ship’s navigation. In terms of the sharing and utilization of restricted
marine space, the space of coastal area has been saturated for using development of clean
energy, exploitation of marine resources and collection of fish resources [1, 2]. In addition, in
terms of ship’s marine traffic environment, further technics and analyses are required to avoid
marine accidents due to popularizing huge and high speed vessels [3, 4]. Therefore, in order to
avoid these marine accidents and maximize the effectiveness of marine traffic, vessels which
navigate within harbor limits and approaching areas should follow the designated traffic routes.
At the same time, the authorized governments operate Vessel Traffic Service (VTS) for the
reasons mentioned above. Meanwhile, VTS has established based on ‘IMO RESOLUTION
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A.857(20) on Guidelines for Vessel Traffic Services’, Article
36 of 1Maritime Safety Act’, Chapter 4 of ‘Act of Ship Arrival
and Departure’ and ‘rules of implementation for Vessel Traffic
Services’ [5–8].
When a traffic situation occurs during navigation in a limited
area, the masters or ship’s officers identify the positions of
own vessel and the opponent. Based on these positions, the
future situations can be predicted and the action to be taken to
prevent any accident would be determined. At this time, the
positions that obtained from the calculation result are called
Dead Reckoning Position (DRP) [9]. The prediction of DRPbased traffic situation is an important factor for determining of
the operation for prevention of collision. In the same way, VTS
Operator (VTSO) also predicts the positions of all ships in a
VTS area [10]. However, in the existing DRP calculation, the
position of the ship is predicted based on the current position,
speed and course of the ship. Therefore, it could not be applied
in all navigation situations and all areas [10]. For this reason,
both the vessel and the VTS center determine their own decision
making through navigation intentions of the two vessels related
to the traffic situation.
In this study, we intend to predict the ships’ positions based
on the SVR seaway model that proposed previously. Based
on the route extraction method proposed in the SVR seaway
model, we predict the future speed through data learning from
the speed data of the ship and propose a method of predicting
the position applied to the SVR seaway model. In order to
verify the proposed DRP calculations, we construct a virtual
path and ships’ trajectories that similar to the actual navigation
environment for simulations. We present the results of the
DRP calculation and the comparison data between existed and
proposed DRP calculation. In addition, we compare the results
of the proposed CPA calculation method and the existed method
for two approaching vessels in order to verify the performance.

2.

SVR Seaway Model

There are several factors that determine ship’s navigational route
such as condition of the ship or navigational environment of the
ship. In port areas and approaching waters, ships’ tracks appear
in a specific pattern depending on the commenced and completed points of a journey. Especially, vessel target prediction
method that proposed in this paper is based on the ship’s traffic
pattern. Therefore the pattern recognition of ship’s traffic and
presentation are the main factors for the target prediction. In this
study, SVR seaway model proposed by Kim and Jeong [11, 12]
www.ijfis.org

was used to predict the position of the ship. The SVR seaway
model is a method of extracting the trajectory model as a result
of learning the data set which are pre-collected and processed
using the SVR [11, 12]. It is known that this method can be
applied to the navigational environment where the marine traffic
environment is complicated such as in the port and adjacent
waters because the extracted traffic route model is defined based
on the individual navigational data of the ships. The feature of
data learning through SVR is to select the number of Support
Vectors (SV) to be learned according to the selected parameters
to determine the output model [11, 12]. Thus, the output model
via SVR can extract the route model without being limited by
the size of the data set of the vessel being studied. Because of
this feature, the SVR seaway model is suitable for applying to
the port waters with frequent changes of the navigation pattern
due to the port development, the change of the navigational
environment and so on. In addition, since the navigational
pattern can be analyzed using only the navigational data set
for a specific period designated by the user and the result of
the navigational data learning can be outputted. Therefore, the
traffic model reflecting the characteristics of the specific period
can be extracted [11, 12].
While the traditional pattern recognition techniques are based
on empirical risk minimization methods using statistical pattern
recognition methods according to the distribution pattern of the
data, SVR minimizes the error probability for the data with
fixed but unknown probability distributions which is based on
structural risk minimization [13–16]. The grid search technique
using v-fold cross validation is used in order to select the kernel
functions and the optimal parameters which are most important
parts to construct the SVR model for extracting the navigational
patterns. This technique is highly reliable in the LIBSVM
algorithm proposed by Hsu et al. [17], and it is widely used
to construct optimal parameter combinations in various data
learning algorithms.
The procedure for extracting the traffic models is as shown
in Figure 1. The collected data is classified into the area for
learning according to the target sea area and classified into the
individual data of the ship through the logical search. Individual
ship data is converted into a data structure for learning and
stored, and the constructed database is classified according to
the sailing section of the ship to form a data set for each ship
according to the individual sailing. For each ship’s navigational
data classified according to the navigational section, the way
points are extracted through the curvature discrimination and the
curve sections are defined. The data set for learning is composed
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Figure 1. Data process procedure of SVR seaway model.
by constructing a lower data set according to a defined curve
section. The output trajectory models of the lower data set are
sorted based on position and the entire learning is performed
again. Finally, the final trajectory model is extracted as a result
of the learning. The output model based on each individual leg
extracted through this process is defined as the representative
model of each leg and a database of the extracted traffic model
is constructed.

when the position was measured by stars or by using LORANC (long range navigation C). However, in modern nautical
navigation, DRP is used to predict the navigational relationship
with other vessels and the situation when the ship is encountered
or considered dangerous situations in traffic. In addition, DRP
is used to know the position of own ship or the other ship’s
position after a certain time. However, there is a limitation
in estimating the position because current DRP calculation is
based on the current position, speed, and course of the ship [10].

3.

Figure 2 is a simplified illustration of the current DRP calculation method and the proposed DRP calculation method. Kim
et al. [18] proposed a position estimation based on the traffic extraction model in the related paper. It is a method of estimating
the position based on the navigation data of the ship navigating
along a specific route and the route data to be navigated in the
future as shown in Figure 2(b) [18, 19].

Target Prediction Method

The DRP is the position of the ship that determined by the
following calculation with the speed and course of the ship
based on the current position of the ship or the position of
the specific time at which the position was measured [9]. In
vessel practice or VTS practice, it is not necessary to take
account of other marine environment factors such as tidal steam
or wind direction because it can be calculated and displayed
in real time through Automatic Radar Plotting Aids (ARPA).
The DRP was used to estimate the current position of the ship
281 | Joo-Sung Kim

The position estimation based on the traffic model is more
effective than the current DRP calculation method in predicting
the ship’s position when navigating along a specific route [10].
The most important thing in this method is how to reconstruct
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Figure 2. Concept of DRP calculations. (a) Existing and (b) proposed DRP calculation.
the traffic route. In addition to the planned route provided by the
ship, it is important to reconstruct the reliable route data. The
method of predicting the position by using the reconstructed
trajectory by the expert group or the planned route provided by
the ship and the method using only the traffic model predicts
the position based on the present speed. These methods cannot
cope with speed changes in calculation. Therefore, in this paper,
we intend to utilize SVR seaway model which is a method of
extracting the ship’s traffic route, and DRP can be derived by
applying the traffic pattern and the pattern of speed changes.
The proposed method learns the pattern of speed changes for
each position of the ship and shows the DRP on the traffic model
according to the change of the speed from the current position
to the destination and the position after time aiming. Therefore,
in the proposed method, it is possible to estimate the position
more accurately than the method using only the traffic model,
even if the ship is accelerating or decelerating. Because the
proposed method reflects the specific pattern of the navigational
data such as position, speed and course. Table 1 describes each
feature according to the method of DPR calculation.
The position estimation based on SVR seaway model is basiwww.ijfis.org

Table 1. Differences of DRP calculations
Current DRP
DRP based on Position criteria
Proposed DRP
Current DRP
calculation

Current
position

DRP based on
planned route
only

Current
position

Proposed DRP
calculation

Current
position

Speed

Course

Current
Current
speedcoursebased
based
Current
Planned
speedcoursebased
based
Learned Learned
and
and
predicted predicted
speedcoursebased
based

cally on the basis of accurate and reliable trajectories. Therefore,
the traffic model is derived from the SVR seaway model and the
following procedure is performed to construct the SVR seaway
model based location estimation algorithm.
First, extracted traffic model was selected through data learning.
Second, the navigational data model was constructed through
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tion, traffic model and traditional calculation to help the user’s
objective decision-making.
Meanwhile, when both vessels approach and navigate gradually, it is defined as the position of ship A(x, y), the course θ,
the speed v and the relative ship’s position, speed and course x1 ,
y1 , θ1 , v1 . To estimate the Closest Point of Approach (CPA),
the time to CPA (TCPA), T CP A(tmin ) of the two vessels are
calculated. Here, assuming that the ships are constant in speed
and course at the given time t = 0, the distance between two
ships is given by the following equation (1) [20]:
dsit2 (θ, v, t) = a2 t2 + a1 t + a0 ,
a2 = cos2 (θ) v 2 − 2 cos (θ) v cos (θ1 ) v1
+ cos2 (θ1 ) v12 + sin2 (θ) v 2
− 2 sin (θ) v sin (θ1 ) v1 + sin2 (θ1 ) v12 ,
a1 = 2 cos (θ) vy − 2 cos (θ) vy1
Figure 3. Ship’s location tracking process.

(1)

− 2y cos (θ1 ) v1 + 2 cos (θ1 ) v1 y1
+ 2 sin (θ) vx − 2 sin (θ) vx1

the learning of the speed and course data according to the ship’s
positions.

− 2x sin (θ1 ) v1 + 2 sin (θ1 ) v1 x1 ,
a0 = y 2 − 2yy1 + y12 + x2 − 2xx1 + x21 ,
q
CP A (θ, v, t) = a2 t2min + a1 tmin + a0 .

Third, the approximate point of the trajectory extracted traffic
model is searched according to the current position of the vessel.
Fourth, the predicted navigational distance reflecting the
speed pattern and the current speed of the ship was calculated.
Fifth, the estimated position is shown on the traffic route
by performing the preliminary estimation according to the predicted navigational distance from the approximation point of the
extracted traffic model obtained through the navigation search.
Figure 3 is the flow chart for explaining how to predict the
position of the ship. Firstly, an approximate point is calculated
which is the minimum difference between the extracted traffic
model and the current position of the target vessel. The approximate point is on the extracted traffic model calculated by the
SVR seaway model based on the navigational data of the target
vessel. Enter the input value for the position estimation time for
the target ship. The position of the target ship is estimated after
the predetermined time corresponding to the input value for the
position estimation time which has elapsed from the current
time. The estimated position is based on the navigational data
provided in the calculated section of the traffic model from the
calculated approximate point. At this time, the position data,
the speed data, and the course data are applied to the position
data, the speed data, and course data of the approximate points
to predict the position of the target vessel. The predicted vessel
position is shown and compared with the vessel’s current loca283 | Joo-Sung Kim

(2)

The time T CP A (tmin ) which is the time when the distance
between two ships becomes minimum, is calculated by taking
the value T CP A (tmin ) = −a1 2a2 which is the value obtained
by differentiating the equation (1) that is the distance becomes
zero. Therefore, the final equation for CPA estimation can be
expressed as the equation (2).

4.

Simulation

In general, the trajectories of ships that are navigating along
the designated route are constructed as shown in Figure 4(a).
The result of extracting the traffic model according to the SVR
seaway model is shown in Figure 4(b). According to the data
learning method presented in the SVR seaway model, the model
of the ships’ course and speed changes are extracted as shown
in Figures 4(c) and 4(d), respectively.
Figure 5 shows the result of each DRP calculation method in
order to compare DRP calculation with the traditional calculation method and the proposed method that is using the extracted
navigational model. We selected an arbitrary ship among the
ships constituting the navigational data set and compared the
position estimating results every minute. In the traditional DRP
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Figure 4. Navigational data of simulation vessels; (a) ship trajectories and designated route, (b) ship trajectories and extracted route model, (c)
course changes and extracted course model, (d) speed changes and extracted speed model.
calculation method, since the position is estimated based on the
current speed and course of the ship, the error becomes larger
as the position estimating time becomes longer. On the other
hand, in the proposed DRP calculation method, it is possible
to estimate the position stable because the calculation is based
on the predicted trajectory, speed, and course. Table 2 shows
the calculation result of position error between the actual ship’s
position and the calculated DRPs every 10 minutes. The proposed DRP calculation method shows more stable and accurate
results.
In the second simulation, we compared the CPA calculation
of the traditional method with that of the proposed method
when the two vessels approaching each other. The ships to be
simulated were arbitrarily selected from the data sets used for
the traffic model extraction. Assuming a vessel B departing in
the opposite direction to the vessel A entering along the sailing
section, the assumption is made that the two vessels cross each
other at the point P where the two vessels meet. In order to
compare the accuracy of the DRP calculation, we compared the
DRP calculations by the traditional calculation method and the
www.ijfis.org

Table 2. Differences between DRP and actual position against target
position
Time remained to
target point (min)
60

Traditional DRP
calculation
137.3387

Proposed DRP
calculation
2.8601

50

11.2022

2.9185

40

97.3620

2.8474

30

88.6819

3.0770

20

18.5178

2.8515

10

16.4362

2.8716

DRP calculation result of the proposed method by calculating
with the time variation of two ships at the present position of
each of the vessels A and B. Experimental results show that
the DRP calculation method reflecting the navigational data
proposed in this paper can be reliably estimated more than the
traditional DRP calculation method.
Table 3 shows the results of comparing the actual crossing
point and errors every 5-minute intervals based on the starting
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Figure 5. Comparison chart between traditional DRP calculation and proposed method.
Table 3. CPA calculation comparison of traditional and proposed
methods
Time remained to
target point (min)
30

Traditional CPA
calculation
72.1134

Proposed CPA
calculation
1.3427

25

9.2493

1.3543

20

40.6132

1.1527

15

29.1077

1.2063

10

17.9055

1.1097

5

5.1909

1.2512

point of both ships. As a result, the performance of the proposed
method is more accurate than traditional method. Figure 6
shows the cumulative result of the position estimating at unit
time intervals every minute.
On the other hand, Figure 7 shows the result of comparing
the CPA calculation changing from the current position of both
285 | Joo-Sung Kim

ships to the final encountering point P while moving two vessels
and the nearest distance at the estimated position based on the
extracted traffic model. As shown in Figure 7, the error of
CPA calculation gradually decreases with time. As the distance
between the two vessels becomes closer, the error occurs until
the time when the speed and the course are kept constant. On
the other hand, the proposed calculation showed a fairly stable
performance for the CPA calculation results. There is error only
with the difference between the learned speed and the current
speed.

5.

Conclusion

At the time that a ship is in traffic with another ship, the decision maker of the navigation shall identify the intention of
the other vessel for determining the action to be taken against
the collision. In particular, the position estimating of own ship
and the relative vessel is an important factor in such decision
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Figure 6. Comparison chart between traditional DRP calculation and proposed method of two approaching ships.

Figure 7. CPA comparison between traditional CPA calculation and
proposed method.

making. In the traditional DRP calculation, since the position
of the ship is predicted based on the current position, speed and
course of the ship, there is a disadvantage that the reliability
is significantly lowered in the waters where the ship is sailing
along the route within harbor limit or approaching areas. In this
study, we predicted the ship’s traffic route and position based
www.ijfis.org

on the SVR seaway model that proposed previously. Based
on the method of extracting ship’s traffic route proposed in the
SVR seaway model, the position and speed data of the vessel
are learned, and the predicted position and speed are applied to
the SVR seaway model. In order to verify the proposed DRP
calculations, we constructed virtual path and ships’ trajectories
similar to the actual navigational environment. As a result we
predicted the positions of the ship and presented the comparison result between the existing DRP calculation and proposed
calculation. In addition, we verified the performance by comparing the results of the existing CPA calculation method and
the proposed method for two vessels facing each other.
Since the DRP calculation and the CPA calculation by the
proposed position estimating method are changing according
to the learned traffic model and the sailing speed, the CPA is
limited to the closest point on each traffic model. In the case
of passing through the closest point, the new CPA will be the
closest point on the next order. Therefore, the closest distance
represents the encounter point according to the changing time
on the route that two ships are expected to navigate. In conclu-
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sion, it can be seen that the traditional DRP and CPA calculation
method shows a significant difference from the trajectory of the
actual ship sailing because it cannot apply the change of the
ship’s course and speed in the future. Therefore, the traditional
CPA and DRP calculation method can be used as effective information when navigating a straight section with a constant speed
and course such as navigation in the open sea or in the ocean.
As the result of the simulation, the DRP and CPA calculation
method proposed in this paper, which estimates the position
based on the change of the navigational data is more reliable.
However, in the proposed method, when two vessels gradually
approach and navigate, data correction is required according to
the change of the ship’s position or other navigational data due
to avoidance of collision. This is because if there is a significant
deviation, an error occurs in the forecasting of the two ships. In
this case, it is necessary to calibrate the reference route through
monitoring the data on the ship’s route and correcting the position accordingly. In addition, the limitation of this study is
that the results of position estimation may be inaccurate if the
speed and the course are unstable such as the case of berthing
and un-berthing operation.
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