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Abstract - The interpolation of missing AlS data can be used for recovering the lost data of a ship’s state which is then able to produce
usefill information or VIS stations or other ships. Previous research has introduced some interpolating methods however there are some
problems with regard to missing AIS data. This paper proposes one new method which includes linear interpolation, cubic Hermit
Interpolation and an identification mechanism to overcome some of those limitations, first AIS data regarding ship position, COG, SOG
and HDG is divided into separate time series, then the characteristic of the missing data Is investigated into through using an
Identification mechanism, an appropriate interpolation is selected to fit all the time series which matches the characteristics. Numerical
experiments are carried out using real ALS data to validate the algorithm of this approach and the results are compared with the previous
method, after which the actual missing area is suggested to be interpolated by the proposed method. The interpolation results show this

approach can be applied well in practice.
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1. Introduction

The IMO has already mandated the onboard carriage of
the automatic identification system (AIS) since 2004. With
this equipment, the AIS information of ship in a navigating
area can be exchanged with other ships to ensure maritime
safety. Moreover, the ships are also required to frequently
transmit AIS messages to the VTS station. This information
can be used for purposes such as the avoidance of ship
collision in the harbour and assist with traffic operation in
the fairway, to gain the statistics about the density traffic, to
support maritime accident investigation and so on. In some
situations such as when navigating in a busy coastal area,
faults with transmitter are to be expected because of
difficulties occurring when, the capacity of VTS station is
overloaded in a crowded area, the VTS station can’t handle
dealing with AIS information from all the ships as standards,
therefore it is necessary to have interpolation methods for
recovering missing AIS information.

In recent years, some research has been carried out on
interpolating and predicting the ship’s state, however, when
applying these to recover missing AIS data, some problems
still remain. Firstly the given results in which a large errors
occur, the interpolated parameters such as COG, SOG and
HDG haven't yet been set out as sufficiently and accurately

as they would be through an AIS message secondly each
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method is only suitable for some types of AIS data, and
finally in areas of strong wind and currents, the parameters
of the AIS dynamic change very quickly, so modelling the
variation of a ship's dynamic based on its physical
characteristics is very difficult. In (Perera, 2010) the theory
of the Kalman filter was applied to predict the optimal
parameters of the velocity and the acceleration of the ship,
but this approach just described the maneuvering situation of
the ship in ocean which is not suitable for interpolating the
missing AIS data. The Neural network was employed to
(Xu, 2012) however, the

structure of neural networks is uncertain in its capacity to

predict the ship's trajectory

model the characteristics of ship movement, moreover, the
results of this haven't yet been shown clearly in this
research. Therefore in using the neural network it is hard to
meet the demand to interpolate the missing AIS data
problem. The vector motion function and parametric curve
model for interpolating the ship’s state was proposed by
(Hu, 2014) in which the odd order-polynomial functions and
derivatives are used to build the model, however, in this
method, the heading line was always has to be fixed to the
tangents of the ship’s trajectory, however this is in fact not
always true, this method just considers three parameters
including the ship position, ship’s heading and the ship’s

speed.
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This research proposes a method which includes linear

interpolation, cubic  Hermit interpolation and an
identification mechanism for interpolating the missing AIS
data of a ship. The proposed method can be suitable for
many different kinds of lost data, as long as the parameters
are interpolated sufficiently as an AIS message. Firstly, all
the given AIS data such as ship position, COG, SOG and
HDG is divided into separate time series, and then the
characteristics of the missing data is investigated by an
and finally the

interpolation which fits all the time series is selected.

identification mechanism, appropriate
Numerical experiments are carried out using real AIS data
to validate the algorithm of this approach and to compare
the results with the previous methods. After which, the
actual missing area to be interpolated is indicated by the
proposed method. The interpolation results show this

approach can be applied well in practice.

2. The requirement of transmitting AlIS
data for autonomous mode

The AIS data is divided into three areas: static data,
dynamic data and related information as expressed in
accordance with the international standard (IEC61993-2,
2001). The first one includes the following: the ship
name, MMSI number, ship’'s IMO number, call sign, the
length and beam, type of vessel, route plan, AIS type, the
second one consists of the ship position, UTC time,
course over ground (COG), speed over ground (SOG),
heading angle (HDQG), rate of turning (ROT), the heeling
angles. Finally, some information related to the voyage
with regard to the vessel's draft, port of destination and
estimated time of arrival and the route of transition also

exchanged in AIS system, detailed illustration in Fig. 1.

AIS Vessel Details

FEDERAL KATSURA  (MMSI: 3510200(

Callsign: 3EAC9 Status: Safe
IMO: 9293923
AlIS Class: A

Type: Cargo
Length (ft): 623
Beam (ft): 75.5

NavStatus:  Under engine
Draught (ft): 21.7

Latitude: N 42°18.412'
Longitude: W 83°05.102'
Accuracy: Low

ROT (°/s): O

SOG (mph): 0.0

COG (°T): 289

Heading (°T): 34
Destination: DETROIT
ETA: 12/08/2011 12:30 am

Bearing (°T): 158
Distance (mi): 16.4
CPA (mi):

TCPA (hrs):

Fig. 1 The static and dynamic of AIS message

In this research, the dynamic information such as the ship
COG, SOG and HDG are
interpolating the problem of missing AIS data. As the
the static

information should be transmitted every 6 minutes when

position, considered for

regulation stipulates, in autonomous mode,
data has been amended and on request, the dynamic
information depends on the ship's speed and course
alteration, the requirement of transmitting AIS dynamic
data is expressed in the international standard (IEC61993-2,
2001) as below Table 1.

Table 1 Information update rates for autonomous mode
. Reporting
Type of Ship Interval
Ship at anchor or moored and not .
. 3 mins
moving faster than 3 knots
Ship at anchor or moored and moving
faster than 3 knots 10" seconds
ship with a speed of between 0 - 14 10 seconds

knots

ship with a speed of between 0 - 14
knots and changing course

ship with a speed of between 14 -23

3 1/3 seconds

Knots 6 seconds
ship with a speed of between 14 - 23

. 2 seconds
knots and changing course
ship with a speed of greater than 23 9 seconds
knots
ship with a speed of greater than 23 9 seconds

knots and changing course

3. Numerical method for interpolation
missing AlS data of ship

The interpolation method is proposed to recover
missing AIS data based on the AIS data which was
received before and after the missing time interval, it

can be seen in Fig. 2.

The AlS data
was lost in this i
area | Trajectory of shiP
p
\ ;
) gv »
el o
N

Fig. 2 The missing AIS dynamic data of ship

Firstly, all of the ship's dynamic parameters in the

AIS message are divided into the five following
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separate time series (ti, lat(ti)), (ti, long(td), (i,
COG(tD), (ti, SOG(ti), (ti, HDG(tl)). To simplify the
algorithm analysis regarding the missing AIS, the
(t,,f;) symbol is used to represent all time series used
in the construction of the interpolation method. In this
section, the mathematical theory of interpolation as well
as the identification of the characteristics of the AIS
time series are considered. Let's say 4,(t,f;) is the
When the

shape of the time series is nearing a straight line, the

data resulting from the AIS time series.

linear interpolation is used, in the case of curve shape
or in the case of the parameters of the ship’s dynamic
interpolation should be

changing quickly, the curved

applied.

3.1. Piecewise Linear Interpolation

Piecewise linear interpolation is adopted in recovering the
missing points of the AIS time series. Every two adjacent
points A;(t; f;) and A, (t,,,.f;.,) in time series give
one piece, the piece of one track can be drawn as a straight
line (Lin, 2007). The general formula of piecewise linear

interpolation is presented as Eq.(1).

P =3P 1) (1)

i=1

Where P (t) is one piece between two points of a

K3
time series A4,(t,f;) and A, ,(t; . f,.,), the time ¢ is

The function P.(t) can be determined

7

within [¢;, ¢; ] .
as Eq.(2).
fiva = Ji

R(t) :f1+(t_tt)t7*t (2)
i+1 i

3.2. Piecewise Cubic Hermite Interpolating

In order to preserve the shape of the data, this

interpolation method 1is proposed, it 1is good for
interpolating the time series which has characteristics of
the curved shape. In this research, the cubic Hermite
interpolation polynomial is used for this purpose. The
cubic Hermite interpolation is formulated as (Lin, 2007).
Let s, A are respectively the local variable and the length

of the 7th subinterval, they are defined as Eq.(3).
s=t—t; h=t, —t 3

The d;,d;,; symbols denote the slope of the interpolant

7

at t,t,.,, they satisfy Eq.(4) and Eq.(5) as follows

(

o _ i —fica
’ fz‘ _fi

diy = Plty,) = tﬂift (6)
i+1 b

The cubic Hermit polynomial on interval t, <t < ¢,

can be represented as below Eq.(6).

3hs® —2s° h® — 3hs? + 253
P(t) =5 Jfint—(>5 /i ©)
h h
3 2 3 2 2
s® — hs s°—2hs” +h®s
P Gt

This is a cubic polynomial in s, and hence in ¢ that
satisfies four interpolation conditions, two on function
values and two on the possibly unknown derivative

values, they are represented as Eq.(7).

P(ti) :fi§ P(’ti-ﬂ) :fi+1 0

P(t) =di; Pt ) =d;.,

K

3.3. Identification of the characteristic of AIS time series

According to the current ship’s speed and the
transmitting time of the AIS signal, we can find out the
missing area of AIS data and how many points were
lost. However, to recognize whether the ship is on a
steady course or turning course, the curvature of the
time series is investigated in following section. In (Karl,
2009), the formula of curvature is generally constructed

as Eq.(8).

_dp _ do/dt
BT s T ds/dt

8

In Cartesian coordinate system, the formula for

curvature is presented as Eq.(9).

do/dt _ Ao/ dt
V(de/d)® + (dy/dt)? a2 +

9)

Eliminating the d¢/dt, using the angle between two
tangents as Eq.(10).

. ﬂ . dy/dt
ane = = dn/d
(10)
d¢ 1 Ty — yT
— = (11)
dt 1 + tan’p ( z°
Substituting Eq.(11), Eq.(10) into Eq.(9), the final

curvature calculated from the x and y in Cartesian
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coordinate system, represented by the Eq.(12).

K = M (12)

(gc2 n y2>3/2
The AIS time series can be identified by its straight or
curved shape. Firstly, the mean curvature values of both
the time series before and after the missing area are
calculated as ky, Ky, anymore the standard deviation of
them is also determined as oy, 0,. Secondly, if &, is outside
the band &, + 20;, it means that the AIS time series
changes her course due to missing the area so a kind of
curve interpolation is applied, and in the other cases the
linear interpolation should be wused. The illustration is
shown as Fig. 3.

Time series 1
Ay A, A A, -~

\\ %
. >

%,

o2

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Linear interpolation

Curve interpolation -_/
;

Am
Fig. 3 Identification of characteristic of AIS time series

3.4 Algorithm of interpolation method for missing
AlS data

The above Fig. 4 shows the block diagram of the
interpolation method for missing AIS data, the function
of blocks are explained as follows.

In the block of AIS dynamic data, all parameters of the
AIS data are divided separately into time series which
include latitude, longitude, COG, SOG and HDG. After
that, the block

each AIS time series will calculate the curvature of

identification of the characteristics of

time series before and after the missing area and check
the time series whether time series is straight or
curved shape. Next step is the decision of whether to
use linear or curve interpolation and it is carried out in
the block of checking the curvature change. Then, the
block

concrete method for

of linear and curve interpolation provides a
the missing area. Finally, all time
series of AIS data are interpolated and combined in a
block of performing the interpolation to all the time

series of the AIS data.

= AlS dynamic data

{Latitude, Longitude, COG,
SOG, HDG)

2
characteristic of each AIS

Identification the

time series

Does the time series
after missing area

?
change curvature 7 No

Using the linear

Yes 4 interpolation

Using the curve
S interpolation

|

6 Performing the

interpolation to all time
series of the AIS data

Fig.4 The block diagram of the interpolation method

4. Numerical experiment and results
comparison

In this part, the numerical experiment is carried out to
verify the performance of the proposed method. The real
time data is collected from the Sewol passenger ferry of
South Korea, which sunk at JinDo island in April-16,
2014. The real time AIS data at the certain time interval
is chosen to validate the reliability of the proposed
algorithm. In addition, the method of the vector motion
function is also employed to compare the results with the
proposed method.

Interpolation
area for
suggestion

Interpolation
area for
validation

Fig. 5 The trajectory of Sewol passenger ferry

- 380 -



Van-Suong Nguyen + Nam-kyun Im - Sang-min Lee

After that, the actual area where the ship lost her
AIS data is indicated by interpolating this method and

the validation area and the suggestions resulting from

AIS data is illustrated in Fig. 5.
4.1. Interpolation of missing AIS data for
validation area

To verify the accuracy and the feasibility of this
method, some experiments are adopted for the validation
area. Table 2 shows the real time-9 points of AIS data,
from 08:48:44 AM to 08:50:10 AM which was assumed to
be the missing area of AIS data. Then the interpolation
method (John, 2004) is applied to validate its performance
in this area. All of the time series such as latitude,
COG, SOG and HDG
consisted of 200 time samples taken out from between
08:46:52 AM to 09:19:23 AM in which, the first sample,

the time is assumed as (t = 0). However, for easier

longitude, in this experiment

viewing, only the first 90 time samples are shown, from
08:46:52 AM to 0858:13 AM which contains both the
validation and the suggestion area. Moreover, the figures
of the time series are plotted to clearly illustrate the area
of the missing AIS data.

Table 2 The real time-9 points for interpolation at the
validation area

Ship position | ;| oG | HDG
Time Latitude(N)

Longitude(E) (deg) (knots) (deg)
08:48:44 15;;275411576 134 17.3 140
08:49:13 13245?5/?%?7”" 146 17.1 150
08:49:40 5;5955’752% 175 155 184
08:49:44 f;;gfggg,, 182 15.1 199
wwe| S o | 5 |
| IRE Ty
woom | AT
08:50:06 5’5595??%2% 224 118 242
S B oL S T

Besides these 9 points, there are some others. The time

interval between first point and second point is the actual

missing area (29 seconds). Between second point and third
point, 6 other points also belonged to this time interval (27
seconds). The time series before and after the missing area
of AIS data is shown in Fig. 6, Fig. 7, Fig. 8, Fig. 9 and
Fig. 10. The time series of latitude and longitude in Fig. 6
show the blank area, by viewing and calculating the
curvature of these time series. These are before and after
missing area and the linear interpolation is used to fit the
data for the time series of latitude and longitude in two
first points, the curve interpolation is used for remaining
points. The result is presented in Fig. 7, where the dot

symbol denotes given data, the circle one is the interpolated

result.
Time senes of Latitude before interpolation
| | | i
34172 I - Latitude data before interpolation|-—
3417 [
= 34168y
@
E 34.166 o =
& 34.164 e e e L]
34 162 - -
'y -
3416 = P
34 158
o 100 200 300 400 500 600 700
Time(s)
Time series of Longitude before interpolation
125 968
125.966 o
1
125984 L
[FE)
= 1250862 L
= -’- \\
£ 12596
=
=] .-
— 125958 |—z
-
125.956 [«° - Longitude data before interpolation| ]
125.954 |
o 100 200 300 400 500 600 700

Time(s)

Fig. 6 Latitude and longitude data before interpolation

Time senes of Latide after interpolation

TG I T I T I
- Latitude data
Latitude interpolation for validation
3417 (g
-
= -
2 34165 e
= e T
= -:;‘h . -
34.16 ) -~
34.155
o 100 200 300 400 500 600 700
Time(s)
Time senes of Longitude after interpolation
125.968
125.966 o
__ 125.964 N\
= 125962 = L
= 3 b
£ 12596
5 &
125.958 |-—=
195 956 -,' | - Longrwlude F!ata ) )
| C Longitude interpolation for validation
125.954 - L - L -
o 100 200 300 400 500 600 700

Time(s)

Fig. 7 Latitude and longitude data after interpolation

- 381 -



The Interpolation Method for the missing AIS Data of Ship

Similarly, the time series of COG, SOG and HDG before
the missing area are shown in Fig. 8 The curve

interpolation is applied for these time series.

Time series of COG before interpolation

400
Lpgen  **
300 ,’
= o~
(E;- 200 -
S o e
100
* COG data before interpolation
0 i i i ssmads ¢ osam foa mma
0 100 200 300 400 500 600 700
Time(s)
Time series of SOG before interpolation
20 I T
i -, | e SOG data before interpolation
__15 -
=
é 10 | g
© \
= & M,
T sremede @aeta e e
0
0 100 200 300 400 500 800 700
Time(s)
Time series of HDG before interpolation
300
<%
AZE»D 0 AW W I [ee e
= .
@
= 200
=2 D
= 150 &
beosmes  omio
| * HDG data before interpolation |
Iun T I T
100 200 300 400 500 600 700

Time(s)

Fig. 8 The COG, SOG, and HDG data before interpolation

The results of interpolation for these blank areas are
presented in Fig. 9, the dot symbol is given data, the circle
symbol denotes interpolated result.

Time series of COG atter interpolation

400
pomne  *°
300 L
5 o’
o 200 y’f: + COGdata I
= Tomiss; [mmph) - ©  interpolation COG for validation
100 Lo -
i | SN N
0 100 200 300 400 500 600 700
Time(s)
Time series of SOG after interpolation
@ [ [ ]
PéStene  omgs )
15 e, e SOGdata i
é , Interpolation SOG for validation
= 10 -y
5 -
S 5 n
T sssmade =cetm 80 opo
0
0 100 200 300 400 500 600 700
Time(s)
Time series of HDG after interpolation
300
%
250 ¥ TG TIPS BN e e
= e
> -
= 200 2
a8 5
= o
0 ™ e HBG dma l
Interpolation COG for validation
100
100 200 300 400 500 600 700
Time(s)

Fig. 9 The COG, SOG and HDG data after interpolation

The detailed results of the validation area interpolated by
this method are shown in Table 3.

Table 3 The results of interpolation for validation area

Ship position coG SOG HDG
Latitude(N)

Longitude(E) (deg) | (knots) | (deg)
g, | ne | o |
ey | 19| 148 | 29
pesrsasy | 20| 13| 28

The trajectory of the ship after interpolating in the
validation area is shown in Fig. 10 and Fig. 11, where the

dot is true position of ship and the circle is interpolated

position.
Interpolation for ship position
T T T T
\\ © Ship position
24165 . o 4 \{ 0 Interpolation position for validation
| s
34.165 ]
’ . o True position of Ship
34 164 , J‘\,\_\ L
i I Interpolation ship
g ' I | position for validation
{ o
34.162 |
o
. s
i
3416 |“ v l
3
]
3418 \ 5
'\ L
o
34159 'i.. —
12% 958 ’2‘596 12;962 12{‘\ 964 12; 966 125‘ 968 125.97
Longitude
Fig. 10 The ship’s trajectory after interpolating for

validation area
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Fig. 11 The interpolated ship position for validation area

The left of Fig. 11 shows the two first points of ship
position which are interpolated by the linear method,
and the other one presents 7 points of a ship position
to be interpolated by curve interpolation.

The absolute error is determined at 9 points by
comparing interpolated results with actual data of the
AIS time series in order to show the error of the

proposed method, and then average error 1is also
calculated for these 9 points. Then results of the errors
are presented as Fig. 12, Fig. 13, Fig. 14 and Fig. 15.
After completing the interpolation for the validation
area by the proposed method, the vector function
method is also employed with this data and the results
given by two methods are compared to each other,

shown as Table 4.

25

-
=]

Error of ship position (m)
o

130 140 150 160 170 180 190 200
Time sample (s)

Fig. 12 The error of ship position interpolation

06 ermorideg)

Fig. 13 The error of COG interpolation

0.4

L e

;= IERENE. CUPREUS: : SYRPEEC SEURUE . SEUSREE. SEUSE,

NI

S0G ermor(deq)
o

3
110 120 130 140 150 160 170 180 190 200
Time(s})

Fig. 14 The error of SOG interpolation

Fig. 15 The error of HDG interpolation

Table 4 The average error of two interpolation methods

Average | Average | Average | Average
Method position COoG SOG HDG
error error error error
The ol 7o | 189 0.15 395
0se 23 (m
Drghod (degree) (knots) | (degree)
Veq:or 0.6 8.14
function | 15.7 (m) X
method (knots) | (degree)

From the results, we can consider the following
outcomes. Firstly, it is not possible to obtain the value of the
course over ground (COG) in the vector function method
Secondly, while the proposed method in this paper applies
the adaptive mechanism which can choose the appropriate
interpolation method, the vector function method uses only
the curve model. Therefore the error of ship position, SOG
and HDG given by the proposed method is found to be
smaller than those given by the vector function method.
Thirdly, the HDG of the vector function method is not
always same as the true heading angle because the heading
line is used in a way which is always at a tangent to the

ship’s trajectory in the vector function method.
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4.2. Suggestion of interpolation method for actual
missing area of AlIS data

From 08:48:44 AM to 08:49:13 AM, the AIS data of
ship is completely lost. In this part, the interpolation
method is suggested for recovering the missing data of
this area. Ship positions in this part are shown in Fig.

16, the result of this area is presented in Table 5.

34167 T T . -
H ‘ Ship pnsn\cf‘—‘—‘
H position for suggestion area

ek ! * 8:48:44 i
Ship position for suggestion

1 ) i
A r s
w1d P @480 4
: 1
H 8:48:56 4 <
8:49:02 /
8:43.08

8:43:13

%

34199

1 1 | 1
12595 125956 12558 125862
Longitude

| I I
125.964 125966 125968

Fig. 16 The trajectory of ship in suggestion area

Based on the ship’s speed and the characteristics of the
time series, the linear interpolation is applied for interpolating
4 points of the ship position and the curve interpolation for
COG, SOG and HDG of AIS data in this area.

Table 5 The results of interpolation for suggestion area

Ship position
Time Latitude(IN) COoG SOG HDG
Longitude(E)
34°9'49.12"
08:48:50 137 174 141
125°57'48.24"
34°9'47.72"
08:48:56 139 17.3 143
125°57'49.86"
34°9'46.41"
08:49:02 141 17.1 146
125°57'51.3"
34°9'45.12"
08:49:08 144 17 148
125°57'52.63"

5. Conclusion

The conclusion of this research can be summarized as
follows

— This research proposes one method for interpolating the

missing AIS data of ships based on numerical interpolation

and the characteristics of the AIS time series.

- All parameters such as the ship position, course over
ground, speed over ground and the heading angle are
interpolated sufficiently by this method.

— This method includes linear interpolation, cubic Hermit
interpolation and an identification mechanism, so it has an
adaptive ability to many shape AIS data.

- Experiments show that the results of this method are
better than in the previous method in interpolating the AIS
data problem.

- In the future, the dynamic characteristics of the ship
according to the kinematic equation and the disturbance of
current and wind will also be considered to improve the
ability to predict the missing area which has wide time

range.
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