Dansk Referat

Hver dag krydser mere end 50 tusinde skibe verdenshavene med varer mellem lande. Derfor er skibsnavigation og sikkerhed et afggrende
emne indenfor transport af materialer og varer over havene. FN har udpeget et seerligt agentur, Den Internationale Sefartsorganisation (IMO),
til at ga i spidsen for arbejdet med navigations- og sikkerhedsaspekterne ved sejlads samt forebyggelse af atmosfzerisk og havforurening
fra skibe. Det automatiske identifikationssystem (AIS), udviklet af IMO, er et system, hvor skibsmonterede enheder sender og modtager
skibsdata til neerliggende skibe og AIS-basestationer. Dataene indeholder information sasom skibsposition, skibsspecifikation og aktuelle
navigationsoplysninger. Skibs bevaegelsesdata leveret af AIS har uden tvivl kickstartet digitaliseringens eera inden for skibsindustrien pa
grund af dens hgje frekvens, informationsrige struktur og fornuftige kvalitet.

I denne artikel preesenterer vi et multifunktionel data warehouse som er designet til at fungere som et effektivt og organiseret centralt
lager, der er i stand til at indeholde store meengder af historiske AIS-data. For at eksemplificere det multifunktionelle aspekt af systemet,
designer og implementerer vi en full-stack applikation, der bruger vores data warehouse specifikt til batymetrisk analyse. Gennem teet
samarbejder med Geodatastyrelsen (GST) har vi pavist den potentielle anvendelse af AIS-data inden for batymetrisk analyse. Mere specifikt
har vi sammenlignet et Minimum Depth Chart (MDC) genereret af vores system med en Dybdemodel leveret af GST. MDC’en blev genereret
ved hjeelp af 1,8 milliarder AIS-data punkter, der speendte over fem maneder i 2021, og begge modeller var baseret pa data indsamlet i danske
farvande. Resultaterne fra vores sammenligning viser, at vores model kan identificere omrader af interesse, der kan kraeve yderligere eller nye
batymetriske undersegelser. Feedback modtaget fra GST bekrefter, at vores system beviser, hvordan AIS-data kan bruges til at levere hurtige
og billige analyser som kan besvare spergsmal fra den virkelige verden vedrgrende skibe pa havet. Ydermere er systemet skreeddersyet til at
veere fleksibelt for at understotte forskellige use-cases. Dette gores ved at gemme data omkring skibe, ture og celler som ikke direkte bruges
til MDC. F.eks. kan systemet lave et heatmap ved at teelle ture der gar igemmen celler i stedet for dybten.

Vores applikation kan betragtes som et proof-of-concept for hvordan man kan benytte vores data warehouse som fundament i et
analyseverktej som alt sammen er baseret pa AIS data.



Preface

This paper is a continuation of the previous paper Egede et al. in which the potential of AIS data within a multi-purpose data warehouse was
described and brought to attention. In this paper, we introduce new topics whilst reusing some of the ndings from the previous paper. In
the following table, we describe the overall change for each section in relation to the previous paper. A change is described as either: minor,
medium, major, or new. A minor change describes small changes such as commas, wording, or reformulation. Medium changes describe
that we have supplemented or changed values in a section. Major changes describe sections where we introduce new techniques, topics, or
principles. And nally, the new change describes sections that have not been introduced before.

Section Change type
1 Introduction NEW

2 Related Work MEDIUM
3 Analysis

3.1 AIS Data MEDIUM
3.2 Data Reliability MAJOR
3.3 Data Assumptions MINOR
3.4 Data Cleaning MEDIUM
3.5 Trajectories MEDIUM
3.6 Missing Draughts MEDIUM
3.7,3.8 NEW

4 Data Warehouse Design

4.1 Logical Level MAJOR
4.2 Physical Level MAJOR

5 Trajectory Reconstruction MAJOR
6 Implementation

6.1 System Overview MAJOR
6.2 Extract, Transform, and LoadMAJOR
6.3,6.4,6.5, 6.6, NEW

7 Results

71,7.2,73,7.4,75 NEW

8 Conclusion NEW

8 Future Work MAJOR

To clarify what we have changed, we will describe the changes to each minor, medium, or major section. Related Work is medium and
mostly the same with the addition of the new trustworthiness paragraph. AIS Data is medium because the core idea of explaining the AIS
format is still present while there has been added some more analysis regarding the elds and their data quality. Data Reliability is major and
describes how reliable the data is. We discuss the transponder types and noisy data which can contribute to an improper analysis. Data
Assumptions has minor changes regarding assumptions. Data Cleaning is medium and has the same cleaning rules with some supplemented
descriptive text. Trajectories is medium because the core concept of points, journeys, and trajectories are the same but they have been
formally de ned in this paper. Missing Draughts is medium and the analysis on null draught is more condensed than in the previous paper.
Logical Level and Physical Level has major additions to the previous data warehouse design regarding fact tables and other design features.
Trajectory Reconstruction is major because the basic idea is retained but the implementation has brand new code and features. System
Overview and Extract, Transform, and Load are major because the data warehouse has been extended with a system consisting of an AP,
frontend, and more ETL processes to support the new data warehouse design features. Future Work is major as we propose more future
work to be done on the system.

We would like to thank the Danish Geodata Agency for their contribution and willingness to work together closely. More speci cally we
would like to express our gratitude to Ove Andersen for his continuous feedback, insights, and expertise. Furthermore, we thank Anne Mette
Egge Olsen for providing a map outlining the coastal areas of Denmark, which greatly helped us during our data cleaning process.
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ABSTRACT

The vessel movement data provided by the Automatic Identi ca-
tion System (AIS) has arguably kickstarted the era of digitalization
within the shipping industry due to its high frequency, information-
rich structure, and reasonable quality. In this paper, we present
a multi-purpose data warehouse designed to operate as an e -
cient and organized central repository capable of containing large
amounts of historical AIS data. To exemplify the multi-purpose
aspect of the system, we design and implement a full-stack applica-
tion that utilizes our data warehouse speci cally for bathymetric
analysis. Through close collaborations with the Danish Geodata
Agency (DGA), we have demonstrated the potential application of
AIS data within bathymetric analysis. More speci cally, we have
compared a Minimum Depth Chart (MDC) generated by our system
to a Depth Model provided by the DGA. The MDC was generated
using 1.8 billion AIS records spanning ve months in 2021, and
both models were based on data gathered within Danish waters.
The results from our comparison show that our model can identify
areas of interest that may require additional or new bathymetric
surveys. Feedback received from the DGA con rms that our system
proves how AIS data can be used to provide fast and cheap analysis
for real-world questions regarding ships on the sea.
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1 INTRODUCTION
The seaborn trade is essential to the global trading economy. Every

day more than 50 thousand ships traverse the oceans bearing goods

for foreign countries #3. Ship navigation and safety are crucial
for transporting a large number of materials and goods across the
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(a) Data points combined into trajectories

(b) Raster representation of an MDC

Figure 1: Example showing part of the process when creating
an MDC

The Automatic Identi cation System (AIS), developed by the

oceans. The United Nations have assigned a special agency, ThelMO, is a system where ship-mounted devices transmit and re-

International Maritime Organization (IMO), to take the lead in
working with the navigation and safety aspects of sailing as well
as preventing atmospheric and marine pollution by ships. The IMO
presents guidelines and regulations for all aspects of international
shipping, i.e. ship design, construction, equipment, operation, and
disposal []. As the IMO in uences every part of the shipping
process, it enables them to drive the industry towards a green
economy with the end goal being a more sustainable future [8].

3

ceive ship data to nearby ships and AIS base statidig [The data
contains information such as ship position, ship speci cation, and
current navigational information. The data is transmitted every
3rd minute or more often, depending on navigational status such
as if the ship is turning or sailing at a fast speed. AIS data is plen-
tiful because it is required on ships larger commercial ships, i.e.
above 300 Gross Tonnaged. This combined with the fact that it

is freely available in Denmark makes it widely used in trajectory
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research 3. The AIS was created for safety reasons such as avoid-
ing ship collisions, but over time, researchers have shown that it
can be used in many other areas as wdlg| The data obtained
from the AIS transponders can be quite erroneous due to positional
technology inaccuracy at sea, equipment failure, human errors, and
areas with no receptionZ3 30, 3§. Therefore, before using AlS
data for any kind of analysis, it is crucial to clean or rectify erro-
neous data entries to ensure that future data analysis will provide
a more truthful analysis.

The International Hydrographic Organisation (IHO) is respon-
sible for bathymetry, i.e. mapping the sea oor and water depth.
Their bathymetry data is freely available and the IHO makes use of
crowd-sourcing the data from a range of suppliers. A more complete
bathymetry chart of the world will contribute to understanding
ocean circulation, tides, shing resources, and much mog Cur-
rently, the bathymetric mapping is done using expensive multibeam

AlS data, and nally, we look at related work in which the concept
of trustworthiness is introduced.

Creating an AlS data warehouse. Tsou created a data ware-
house for AIS data to apply online analysis processes to AlS data.
They created fact tables based on the AIS data, with measures such
as the count of trajectories, and average, minimum, and maximum
speed over ground which were used for generating maps showing
di erent information regarding the speed of the ships. In addition,

a grid was imposed on the maps to attach the aforementioned tra-
jectory information to the cells where the trajectory intersects the
cells. Examples of dimensions used by Tsou to facilitate Online
Analytical Processing operations are a temporal dimension, a ship
dimension and an area dimensiodZ. C. Tang et al. and F. Zhu also
create a multidimensional data warehouse, with a focus on tra ¢
ow and maritime surveillance respectivelyl, 47. We create a
similar data warehouse design using many of the same principles as

and single-beam sonars that are equipped on oceanographic vesselsTsou, C. Tang et al. and F. Zhu, however instead of having one kind

during surveys p]. These sonars are expensive to deploy and do not
cover a wide area. It is estimated that we currently have mapped

of analysis in mind, we have a focus on creating a multi-purpose
data warehouse which can be useful for many di erent kinds of

less than 18% of the deep ocean oor, and approximately 50% of analysis, in this paper exempli ed by bathymetry related analysis.

the world's coastal waters remain unsurveyed as of 2019 according
to GEBCO 4. AlS data can be used to contribute to IHO's depth
mapping by using ship position and inferring depth out of the AIS
message as seen ig]]. By utilizing draught information from AIS
data, the data can be used to create a Minimum Depth Chart (MDC).
A simple example of an MDC is illustrated in Figure 1 where Fig-
ure la shows three trajectories with di erent draught values, and
Figure 1b illustrates the result of using the trajectories to gener-
ate an MDC. The chart is based on the maximum ship draughts
recorded in an area and we, therefore, infer that the depth of an
area is at least this deep. 12]], an 50m x 50m MDC was created
based on ve months of AIS data and resulted in a coverage of
62.5%.

The Danish Geodata Agency (DGA) is the authority in Denmark
that surveys and maps all of the Danish land and sea domdlis [
Every year, 65 thousand ships pass through Danish waters, and the
DGA is responsible for providing nautical charts that enable safe
navigation [5]. According to the DGA, the nautical charts contain

Trajectory reconstruction. The trajectory reconstruction pro-
cess aims to prepare data for subsequent analysis by utilizing anom-
aly removal studies, and partitioning techniques to combine AIS
data into their respective trajectoried[, 19 44. L. Zhao et al. pro-
posed a faster and more e cient method of AIS data compression
by using an improved version of the Douglas-Peucker algorithm
that can retain the characteristics of the original trajectorg.

Y. Sun et al. introduce an Arti cial Neural Network-based frame-
work that suppresses outliers within trajectories via Hampel Filter
and Butterworth Filter B0. K. Sheng et al. have utilized a logistic
regression model to construct a ship classi er. The classi er can
split trajectories based on one of three proposed basic movement
patterns: anchored-o , turning, or straight-sailingd9. Similarly, Z.
Yan et al. propose a model that can extract ship tra ¢ routes based
on AIS data [43]. The model split trajectories into similar types of
movement patterns as3f. Z. Yan et al. propose a multi-regime
trajectory reconstruction model through a three-step process that
allows trajectories to be constructed in di erent navigation states,

measurements that are very old and contain sparse data for areas namely hoteling, maneuvering, and normal-speed sailing. A char-

that are not designated waterway44]. The DGA has expressed
interest in the potential of using AIS data in combination with their
current analytical tools for bathymetric-related analysis.

In this paper, we extend the system froni2]] by re ning the
trajectory reconstruction process and introducing a representation
of the world as geographical cells in the data warehouse. The cells
contain aggregated information about AIS data to enable more in-
depth analysis in speci ¢ areas. A web-based frontend presents the
cell information to the user and provides a set of Iters that can be

acteristic that is shared among Z. Yan et al., K. Sheng et al., and
L. Zhang et al. is that they all utilize the ship's sailing speed to
determine the partitioning of trajectories39, 43 45. More speci -
cally K. Sheng et al. rst split their trajectories into anchored-o
and straight-sailing by using a speed threshold in relation to the
distance traveled, and afterward the straight-sailing trajectories are
split into turning.

We introduce an algorithm for trajectory reconstruction that uses
advanced partitioning techniques capable of generating trajectories

adjusted based on the user's preferences. The data warehouse servesand splitting them based on one of two movement patterns: sailing-

as a foundation for many analytical use-cases but is exempli ed
through bathymetric analysis in this paper.

2 RELATED WORK

or stopped based on speed and time between records. It utilizes the
speed over ground (SOG) values, in combination with calculated
speed from the geographical and temporal values from the AIS data
during reconstruction to ensure that outliers are skipped. Upon
completion of the trajectory reconstruction, we utilize the Douglas-

In this section, we review related work for creating data warehouses Peucker compression algorithm to greatly decrease our data sizes.

based on AlS data, the process of generating trajectories based on  Bathymetry exploration. Sea oor mapping is essential for

AIS data, methods for exploring bathymetry exploration based on marine management and marine spatial planning. In combination
4
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with the continuous change of the sea oor, we experience areas
that are so outdated that the nautical data available no longer are
reliable [15 31, 37). In an e ort to minimize the costs of bathymetric

details about other ships in the area but also to ensure that other
ships know their position at any given time [22].
Ships of more than 300 gross tonnages are subject to the SOLAS

surveys, E. Novaczek et al. propose a method to generate regional Convention [L3. These ships are required to be equipped with

bathymetry and geomorphometry maps from crowd-sourced depth
soundings B1]. A. Alessandrini et al. introduce a number of in-
formative demonstrations that help us understand which kind of
trends, and behaviors that exist on the sel&j. When using AIS
data to explore bathymetric features, we often use one of two ap-

Class A transceivers, which not only provide a larger broadcast
range and more frequent transmissions but often also automatically
read data about the ship through onboard sensors [22].

AlS data contains 26 di erent elds as seen in Appendix Table 5
and Appendix Table 6. The data found in Appendix Table 5 are

proaches: a draught-based, or sailing trends-based approach. In astatic data such as the size of the ship, draught, and identi ers.

draught-based analysis, the draught of a ship is determined either
from calculations or based on the supplied AIS data. C. O'Brian et
al. presents a Draught Information System that can calculate the
under-keel clearance of a ship in real-time, thus able to provide a
reliable maximum draught for a ship. The value of a ship's draught
can then be used to determine the minimum depth of the area that
a ship has sailed3d. In the sailing trends-based approach, areas
are determined of interest if there is a shift in the sailing trends. For
instance, if all ships are starting to avoid a particular area, it may in-
dicate that the area has become very shallow, or possibly something
is blocking the way. This approach is used by the Alaska Ocean
Observing System (AOOS) among other things, to identify areas
that require a bathymetric surveyd. We utilize a draught-based
approach to create a minimum depth chart based on the reported
draughts from the AIS data.

Trustworthiness Trustworthiness describes and addresses the
quality of information and its sources. It is often used to measure
and quantify the quality of information coming from online re-
sources and systems [33].

mPASS is a system designed to collect data from crowdsourcing
and crowdsensing to map urban and architectural accessibility by
providing reliable information coming from di erent data sources.
The system is speci cally designed for people with speci c needs
and is capable of providing personalized paths based on their pref-
erences. When working with data coming from many di erent
sources, the levels of trustworthiness varies a lot. The article,[
[34 and [3€ describe how they categorize their sources based on
one of three categories: sensor data, user data, and authoritative
data. This allows them to rank the categories by how reliable the
data is, which is particularly important when working with crowd-
sourced data. In this paper, we take inspiration from the de nition
of trustworthiness, by adopting a pragmatic approach to de ne
trustworthiness within our data. More speci cally we introduce a
function that estimates if the draught values reported by a ship are
considered trustworthy.

3 ANALYSIS

In this section, we explore the characteristics of the AIS data pro-
vided by DMA. We present assumptions regarding the AIS data and
analyze how we can determine the reliability. Finally, we present

how to represent trajectories and geographical cells in our system.

3.1 AIS Data

AIS data is transmitted by AIS transmitters on one of two VHF

frequencies. Anyone can install a transceiver and start transmitting

data, and it is often used by sailors to not only receive positional
5

The static data is provided by the ship crew and is sent every 6
minutes. The data found in Appendix Table 6 are dynamic data
such as navigational status, latitude, longitude, and heading. The
dynamic data is sent every few seconds or minutes depending on
their navigational status and speed§. Some of the values in both
the static and dynamic data are set manually by the crew and are
therefore error-prone, while other values are set automatically by
the equipment. Which values are set manually and automatically
varies by ship, but we have found that freetext elds such as des-
tination and ETA are of poor data quality because they are often
manually reported, e.g., a ship going to Copenhagen may report
cph portkoebenhavier simply home

The elds introduced within the tables, on Appendix A, are elds
that are general for AIS data. Depending on the provider we see that
most, if not all, of the elds are included, but typically di er in the
naming convention. AlS data providers also tend to add additional
elds such asETA_PREDICT&R.OCOD#hich are elds that are
computed and appended to the data speci ed in their systehr.

3.2 Data Reliability

As AIS data can be transmitted by anyone with a suitable device, it
is important to assess how reliable the data is, because it otherwise
may contribute to incorrect conclusions. In 2017, Harati-Mokhtari
et al. analyzed the reliability of AIS data and de ned a number of
common errors, all of which originated from human errorg4.
Harati-Mokhtari et al. conclude that AIS is rather unreliable, in-
dicating that it is necessary to identify and remove data that are
detected as error-prone, before further analysis. A description of
how data cleaning processes can be utilized to improve the quality
of AIS data is described in Section 3.4.

As mentioned in Section 3.1, AIS data transmitted by Class A
transceivers are typical of higher quality and often read data from
onboard sensors, and thus can be considered a more reliable source
of information. An example in which data reliability is particularly
important is when we want to explore the draught of ships' to
assess the bathymetry details of certain areas. Even though only
considering Class A draughts may prove to be more reliable, it is
still worth considering that if many di erent Class B ships report
a similar draught that it might also be considered reliable. Such
analysis would allow us to utilize both types of transceivers and
in theory, also give us a more accurate and reliable answer if done
correctly. When comparing the amount of data received by Class A
versus Class B we see that our data is close to equally distributed
between the two. Approximately 46,3% are of type Class A and
53,6% are Class B.
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Apart from determining the reliability of AIS data, another im-
portant consideration isioise Noisy data is a term for data that
have no contribution during analysis. Examples of such data can be
corrupted data, unrealistic or gibberish values, or varying intervals
within temporal data. Unfortunately, we observe noisy data in AlIS
and if not handled properly, it can ultimately result in incorrect con-
clusions or improper analysis. Speci cally for AIS data provided by
The Danish Maritime Authority (DMA), we identi ed a time period
in the datasets, in which almost all static data elds are set to null
values. This means that a large amount of noisy data is included
every day. Upon consultation with DMA, we were made aware that
the null values are a result of restarting their services at midnight
and that AlS transceivers only transmit details about their static
data once approximately every 6 minutes, ultimately resulting in
many rows with changing dynamic data elds but without any
static data associated.

Another type of noisy data which we have observed is noise
in the geographical data. In Figure 2, a section of the data points
from the ship with MMSI 266473000 from 26-10-2021 are shown.
The ship sailed from Copenhagen to Géteborg, via a route going
east of Anholt. Figure 2 shows part of this trajectory as a red line
consisting of many data points very close together as well as a
single red data point that does not reside on the line. The red data
point highlighted by the black square is an outlier. Because a ship
can't sail on a line and then for one second be many kilometers
away from the line, and then the next second be back on the line
again.

Figure 2: A segment from a ship's journey, where the red
data point surrounded by a square is a geographical outlier
(MMSI: 266473000, date: 26-10-2021) [21]

3.3 Data Assumptions

While examining the data we observed that in very rare cases, ships
changed their MMSI during a journey. Since it is very infrequent,
we assume that the MMSI is a unique identi cation for ships. When
analyzing bathymetry details, the tide is something you often take
into account. In this paper, we assume that ships only sail where
they are able to sail at both high and low tide. A more detailed tide
model could be considered for future work. We assume that we can
get a steady stream of AIS data from everywhere to avoid handling
areas with no signal reception.

To summarize, we make the following assumptions about the
AlS data:

A ship's MMSI is a unique identi er

A ship only sails where they are able to sail at both low and
high tide

A ship sending an AIS signal always reaches a base station

3.4 Data Cleaning

To improve the overall quality of our data, a data cleaning process
is applied based on some prerequisites and a set of cleaning rules.
In this section, we explain and list these preliminaries.

The majority of the rules are designed to Iter out general noise
that exists in AIS data, while other rules function as additions
that are speci c to our use-cases. The use of case-speci c rules is
denoted in the list below with the asterisk (*) symbol.

(1) Duplicate data entries

(2) AIS data that does not follow the MMSI ship format [10]

(3) Ships with a draught above 28.5 meters [11]

(4) Ships with a length above 488 meters [11]

(5) Ships with a width above 74 meters [11]

(6) *AlS data points that are outside Danish waters

(7) *AlS data points that are on mainland Denmark

By following the cleaning rules when extracting data, we can

ensure that our other data processes are not impacted by the noise
that otherwise may have resulted in incorrect data.

3.5 Trajectories

When working with the geographical aspect of AIS data it can
be bene cial to view the data as continuous lines instead of dis-
tinct points. This can be accomplished by performing trajectory
reconstruction based on the journey of a ship. When talking about
trajectories and the reconstruction of these we use the following
de nitions.

Figure 3: Example data for one ship showing the relation
between points :C8 &, trajectories ) 1 and) 2, and a journey

Point: A point? = 1;0Ce;=%which includeslatitude lat longi-
tude Ing
A point contains the spatial information
Journey: A journey = f1CPR ?%1CPB 2% """CB 2-°g, where
Cgis the timestamp of poinPg, and whereC8Y Cg81.
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A journey represents the complete set of points for a ship. Because of this, we introduce a minimum draught threshold, under

Trajectory: Atrajectory) = fLCB ?1%1CB 2% ""CBe % °g which we trust all values. We do this because small draughts do not
where8) j). \ ). =; whenever. <;,where: and; are trajectory contaminate our MCDs to the same degree as large draughts. As a
ids. ’ result, we ag the trajectories that have reported draught values

that are very abnormal in relation to the ship size, because the data

A trajectory is a disjoint subset of a journey, determined by ’ i
would otherwise contaminate our MDCs.

the sailing patterns of the ship.

An example of a journey which is split into two trajectories can
be seen in Figure 3.

The trajectory reconstruction used in this paper is described in
Section 5. When splitting a journey into di erent trajectories, we
distinguish between sailing and stopped states, since having this
distinction can be useful for analyzing the data. This distinction is
described also described in Section 5.

3.6 Missing Draughts

When analyzing the AlS data we observed that 30.7% of the un-
cleaned AIS records and 24.9% of the cleaned do not include a
draught value. This shows that the dirty data has a larger percent-
age of the data with no draught value compared to the cleaned data
and that we improve the quality of the draught data with our data
cleaning process.
Another observation regarding the draught data is that in many
coastal areas we only have data with no draught. This is partly due
to the fact that it is mostly sailing and pleasure ships that sail inthe ~ Figure 5: MDC around of Leesg, where the black area (25.5m
coastal areas. These ship types have a very large percentage of datadraught) is from a single shing ship with MMSI 220334000
points with no draught value as seen in Figure 4. The impact of this
is shown in Section 7.4, where we see that missing draughts have a
large impact on the ability to cover coastal areas with MDCs.

Figure 4: Bar chart showing the respective distribution of
null values in draught information based on ship types [ 21]

3.7 Trustworthiness

Trustworthiness describes whether a trajectory is considered re-
liable based on a set of criteria. This evaluation is particularly
important when working with AIS data because our analysis shows
data in which ships have reported abnormal draught values, which
our cleaning process has not Itered. We still want to include the In Equation 1 we show the equation used for assigning the ag,
data in our data warehouse, since these data may still be useful for which we refer to ads_draught_trustedThe values 60 and 3 were
analysis. Therefore, we introduceteust flag that is assigned chosen based on initial testing, as these values showed good results
during data processing. with regards to agging abnormal draughts. If the formula is im-

We however observed that this intuition is not always true with  proved or optimized, it can be changed in the code with little e ort,
small ships, where the relation does not follow the same pattern. but it requires some reprocessing.

7

Table 1: Distribution of ship sizes (length  width) per draught
interval
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