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Abstract
This paper focus on the development of a tool for Ship

and Weather Information Monitoring (SWIM) visualizing
weather data combined with data from ship voyages. The
project was done in close collaboration with the Swedish
Meteorological and Hydrological Institute (SMHI) who
also evaluated the result. The goal was to implement a
tool which will help shipping companies to monitor their
fleet and the weather development along planned routes
and provide support for decisions regarding route choice
and to evade hazard. A qualitative usability study was per-
formed to gather insight about usability issues and to aid
future development. Overall the result of the study was pos-
itive and the users felt that the tool would aid them in the
daily work.

Keywords— Voyage Analysis, Weather Visualization, Geo-
visual Analytics, Visual Data Exploration and Analysis, Us-
ability Evaluation.

1 Introduction
Visualizing multiple data sets from different sources

represents a major challenge for the future. Using data fu-
sion [1], [2] to visualize integrated spatial and temporal
data it is possible to gain insight and retrieve information
that would otherwise have to be obtained using much more
time consuming methods.

One subject area of particular interest is the shipping in-
dustry where the need of being able to draw accurate con-
clusions and make well planned decisions regarding routes
and weather factors are important. There are a large num-
ber of variables affecting the success of every sea voyage
performed by vessels such as cargo ships. Important as-
pects being considered are speed, safety and costs because
of their direct impact on the voyage performance. Weather
factors are the main concern when considering these as-
pects and therefore shipping companies consult meteorol-
ogists about weather information and route optimization.

SWIM was created to aid shipping companies mon-
itoring vessels according to forecasted weather develop-
ment along planned routes (figure 1). The tool provides
support for decisions regarding route choice with respect

to future weather development and warnings of extreme
weather factors. With weather forecasts and voyage in-
formation provided by the European Centre for Medium-
Range Weather Forecasts (ECMWF) [3] and SMHI [4]
shipping companies can monitor fleets using highly inter-
active visual representations visualizing weather parame-
ters and detailed voyage information. Using a geographic
map visualization together with a parallel coordinates plot
(PCP) brings great possibilities when exploring the data.

SWIM was designed with the following tasks in mind:

• Detailed monitoring of voyages based on planned and
reported waypoints.

• Easy exploration of weather forecast according to
both geographic positions and along routes.

• Using a PCP together with a geographic map vi-
sualization to find interesting voyages according to
weather parameters.

• Using highly interactive linked visual representations
to facilitate exploration of data.

In this paper a section about related work will be pre-
sented in section 2 followed by a conceptual description
of SWIM in section 3. In section 4 a usability evaluation
is presented and discussed and the paper is concluded with
conclusions and discussions of ideas for future work.

2 Related Work
Visualization of spatio-temporal data has been the sub-

ject of several recent research papers, see [5] for an
overview. GeoVista Studio [6] and CommonGIS [7] are
general systems which support exploratory data analysis
with decision-making and Andrienko and Andrienko has
illustrated other motivating approaches in earlier papers
[8], [9]. According to Jern and Franzén most of these sys-
tems lack support for analyzing simultaneously multiple
attributes data and spatio-temporal behavior [10] and as
a response a generic ”GeoAnalytics” visualization (GAV)
[11] toolkit is introduced. Jern et al. emphasize the ad-
vantages and need of multiple linked views (MLVs) for
dynamically exploring time-varying, geographically refer-
enced and multivariate attribute data. Parallel coordinates



Figure 1: The SWIM overview. In the world map ships are visualized using glyphs and their routes are plotted as lines. Significant
wave height is displayed using an iso-surface where warmer color indicates higher waves. The current time step can be changed
using the time slider positioned underneath the world map. Using the weather parameter menu to the left the user can select
which parameter to visualize and which representation to use. At the bottom weather parameters are plotted in the parallel
coordinates plot.

[12], [13], [14], [15] with embedded visual inquiry meth-
ods that serve as a visual control panel for dynamically
linked and coordinated views is a well-known visualization
technique for multivariate data [16].

In VISPER [17] multi-dimensional, multi source, time-
varying and geospatial information from voyage analysis is
represented to facilitate decision-making. Therefore Lund-
blad et al. propose the use of common InfoViz visual rep-
resentations for multivariate data together with geographic
mapping to aid users in their work examining voyage per-
formance.

Roberts [18] provides a review of multiple linked-view
tools, methodologies and models, discusses related chal-
lenges and ideas, and provides some rudiments for coor-
dination within a geovisualization context. In accordance
with Roberts linking and relating information in one view
to that of other views will assist the user in the exploration

process and may provide additional insight into the under-
lying information. Operations such as filtering, dynamic
queries [19] and selections applied simultaneously in dif-
ferent views when affecting not only the same information
but more effectively collections of different data is pointed
out by Roberts as more interesting and an important aspect
to consider.

Spirkovska and Lodha presented AWE - Aviation
Weather Data Visualization Environment [20] which was
designed to meet an urgent need of critical weather ele-
ment visualizations. AWE focuses on interactive graphical
displays of these weather elements such as, meteorological
observations and terminal area forecasts and maps them
onto a cartographic grid specific to the pilot’s interest.

Song et al have designed an integrated atmospheric vi-
sual analysis and exploration system for interactive analy-
sis of weather data sets [21]. These tools provide meteorol-



ogists with new abilities to analyze their data and answer
questions on regions of interests, ranging from physics-
based atmospheric rendering to illustrative rendering con-
taining particles and glyphs.

In accordance with Dorneich et al. challenges lie in
effectively integrating voyage and weather information in
the same tool to facilitate decision-making [22].

3 SWIM
SWIM is developed using the GeoAnalytics Visualiza-

tion (GAV) Framework [23] and is a tool shipping com-
panies can use to monitor voyages and receive up to date
weather forecasts corresponding to their routes.

SWIM will on startup automatically find the lat-
est weather forecast delivered by the ECMWF. SWIM
presents three different modes. In the first mode a selection
of static weather parameters are presented in a weather pa-
rameter menu sorted according to priority level, e.g. basic
weather, advanced weather and extra weather. The second
mode presents a searchable list menu with all active voy-
ages retrieved from the SMHI database. In the third mode
focus lies on one or more selected voyages with detailed
information presented.

In SWIM the users are given the possibility to study
weather data cohering with voyage information in dif-
ferent views. A view represents a visual representation
displaying selectable data with possibilities of interaction
and filtering.

3.1 Gridded Binary Format (GRIB)
The input weather data used by SWIM is in GRIB

(Gridded Binary) [24] format which is a mathematically
concise data format commonly used in meteorology to
store weather data. It is developed and standardized by the
World Meteorological Organization (WMO). The GRIB
format is used world-wide by meteorological centers for
numerical weather prediction output and serves as an effi-
cient solution of transferring large volumes of digital grid-
ded weather data.

In our work focus lies on GRIB files originated from
ECMWF.

3.2 Voyage Data
Data retrieved for each of the approximately one hun-

dred voyages includes ship information such as operator,
ship name and ship type. Voyage specific information in-
cludes time of departure and estimated time of arrival, port
of departure and port of arrival as well as a list of way-
point positions. Lastly, reports delivered on a daily basis
are retrieved which includes current positions, speed and
performance as well as weather observations at reported
positions.

Reported positions are combined with planned way-
points to form a list used to visualize voyages routes in
the world map view. This list of waypoints contains an
average of 30 positions for an entire route. The position of
ships at different time steps are estimated via interpolation
where the time of last reported position, the time at
selected time step and the estimated time of arrival are
used to estimate the distance traveled between the last
reported position and the position of the arrival port.

3.3 World Map

Figure 2: World map view visualizing significant wave height
and wind. The significant wave height is visualized using an
iso-surface where warmer color indicates higher waves. The
wind is represented by wind arrow glyphs where the orienta-
tion shows the wind direction and the glyph shows the wind
strength. Ships are shown using a ship glyph and their routes
are drawn with lines.

The main view is the world map where all weather pa-
rameters originating from corresponding GRIB files can be
presented according to selection in the weather menu. Op-
tions are provided on how to visualize a parameter, e.g.
iso-line, iso-surface, glyph or numerical values. Routes
with their corresponding ships are also visualized in the
world map. The ships are represented by ship glyphs which
are positioned and rotated according to an interpolation
based on their pre-planned waypoints, reported positions
and present time (figure 2). For these features to be use-
ful it is necessary to look at not only the spatial variables
but also temporal aspects. Each GRIB file consists of a se-
lection of weather parameters with corresponding weather
data for a certain date and time. SWIM reads and stores a
ten days forecast consisting of 31 binary GRIB files with
a forecast time interval of 6 hours the first 5 days and an
interval of 12 hours the later 5 days. This enables the tem-
poral aspect to be taken into account and it is represented



by a forecast time slider. This slider can be positioned at
any of the 31 forecasts which effectively enables the user to
view weather changes and ship movement over time (figure
3). Routes with corresponding ships that at a specific time
index has reached its final destination is marked as inactive
and grayed out. The world map view with selected weather
data visualized and chosen voyages plotted will work as an
effective support to monitor several vessels simultaneously
over a period of time.

Figure 3: The left side shows wind wave height as an iso-
surface, ships visualized using ship glyphs and their routes
as lines. The right side shows the same map area with the
time slider advanced 48 hours.

To facilitate usage of the world map view and maximize
performance a series of graphics optimizations has been
implemented. With a resolution of 240 longitude and 120
latitude grid points it is necessary to use a level of detail
functionality to keep the world map useful and not clut-
tered when changing the map zoom. With a maximum of
29040 data points on the data grid we use eight levels of
detail based on a mean value calculation with respect to all
interesting neighbors of each visible grid point (figure 4).

Figure 4: The left side shows significant wave height as an iso-
surface and mean wave direction as a regularly spaced arrow
glyph. The right side shows the greater detail of the glyph
representation received when zoomed in.

Another important optimization feature is the active
rectangular window we use to keep track of the current
visible part of the world map. Using this functionality
gives a performance advantage where weather parameter
visualizations are only calculated and rendered if inside the
active rectangular window. Zoomed in this optimization
saves computational power and speeds up the interaction.

3.4 Parallel Coordinates Plot
The PCP view displays all the voyages with loaded

parameters for the selected time step. Each voyage is
represented as a line in the PCP where each axis corre-
sponds to a specific weather parameter (figure 5). This
view gives the user an overview of the weather for all the
voyages at a specific time step. Advancing the time slider
will update the PCP with new data, namely weather data
for each voyage at the new time step. Lines are colored
according to the parameter value of the selected axis.
Which parameter to use for coloring can be chosen by
clicking the header the parameter axes. The colors of the
lines are linked to the color of the ships in the world map
view.

Figure 5: Time step parallel coordinates plot. The lines can
be selected, filtered by moving the sliders on each axis and
colored by clicking the header of the parameter.

3.5 Voyage Time Graph
When in the voyage information mode the voyage

time graph gives the user an overview of how the weather
will develop along the planned route of the selected
voyage without the need of moving the time slider. Each
parameter is represented as a line in the voyage time
graph and each vertical axis represents a different time
index according to additional hours added to the forecast
creation date (figure 6). Each parameter is normalized
according to predefined values in order to enable the
different parameters to be plotted together. Straight lines
near the bottom of the plot indicate stable and calm
weather along the route for the forecast period. Curvy
lines however indicate varying weather conditions and
high peaks indicate extreme weather parameter values.

Figure 6: Ship time graph visualizing weather parameters
along the selected route. Each line represents a weather pa-
rameter where the x axes represents time and the y axes rep-
resents parameter value. The static coloring of the lines are
predefined for each weather parameter.



Figure 7: Highlighting in the World Map view. The left side
shows the map before selection and the right side after.

3.6 Linked interaction
At start up all voyages are displayed in the world map

which provides an overview of routes and ship positions.
Highlighting one or several voyages is important when ex-
ploring data. In the world map view all the voyages except
those highlighted will be slightly transparent preventing in-
terference with highlighted voyages (figure 7). In the PCP
lines of highlighted voyages will be selected. In the voy-
age information tab text information will be presented for
highlighted voyages and the voyage time graph will display
data for one of the highlighted voyages.

Different approaches for how to highlight voyages are
presented to meet different user needs. An interesting voy-
age can for example be selected by clicking on it in the
world map. To highlight a voyage according to name the
ship list with its search function can be used.

The PCP which presents weather for all voyages for a
specific time step can be used to spot voyages experienc-
ing harsh weather conditions and by clicking on a line the
corresponding voyage will be highlighted.

When a specific geographic area is of interest the selec-
tion area tool can be used. When the selection area tool is
activated the user is presented with a circular area on the
world map positioned according to mouse position. The
size of the selection area can be manually set and when
clicking a position in the world map all voyages traveling
through that area at any point during the forecast period
will be highlighted (figure 8).

Figure 8: Selection area tool. The left side show the world
map view with ships and routes where the grey circle is the
selection area tool. When using the selection area tool ships
that travel through the selected area at any time during the
forecast period will be highlighted as shown on the right side.

Hiding uninteresting voyages is achieved by using the
filter sliders in the PCP. Filtered lines will be completely
hidden as well as the corresponding voyages in the world
map view. For example, the user can adjust the filters
to only show voyages whose ships are exposed to a
significant wave height above 5 meters (figure 9). When
advancing the time slider the filter value is saved and only
voyages whose ships are experiencing a significant wave
height above 5 meters will be displayed at each time step.

Figure 9: Filtering using time step parallel coordinates plot.
In the world map significant wave height is visualized using
an iso-surface. The left side shows parallel coordinates plot
with corresponding map before filtering. The right side shows
filtering of ships according to significant wave height.

4 Usability Evaluation
For further and future improvements of SWIM a

formative evaluation was performed on the tool. The
purpose of the evaluation was to explore qualitative
usability issues with respect to visual representation and
interactive representation [25] and to gather opinions
regarding potential use and future development without
intentions to do measurements.

4.1 Participants
A selection of marine meteorologists and master

students from the Media Technology and Engineering
program [26] formed a group of six participants. The
marine meteorologists had knowledge and experience
in meteorology and ship routing and the MSc students
had knowledge in information visualization, usability
and design. Their occupations and respective domain
knowledge was assumed to give insightful information
regarding usability issues of SWIM.

4.2 Procedure
Each session lasted nearly an hour. First the participant

was given a demonstration of the tool and its functional-



ities. This was done to minimize the risk of misinterpre-
tation as well as first time user misses since the intended
users are a small number of people using the tool regularly.
For the same reason the participants were given answers
and explanations to all their questions about SWIM and its
functionality during the test.

After the demonstration the participant was given the
control of the tool and was encouraged to explore some of
the functionality earlier demonstrated. A number of tasks
that was prepared beforehand were presented to the user in
random order. The intention was not to evaluate the par-
ticipant’s success of the specific tasks but simply to guide
the user and encourage exploration. Throughout the evalu-
ation a guide sat beside the participant actively discussing
thoughts and opinions regarding the tool and a third person
documented the important parts of the discussion.

The last part of the evaluation consisted of a general
discussion based around the criteria stated by Freitas et al.
[25].

Visual Representations were discussed according to the
following selection of criteria: Data density, limitations,
visual/spatial orientation, data dimensions, relevant infor-
mation, reference context, occlusion, display of detail and
logical order.

Interactive Representations were discussed according
to the following selection of criteria: filtering, selection of
objects, search and querying, control of level of detail and
viewpoint manipulation.

4.3 Results
The marine meteorologists had limited previous experi-

ence working with visualization tools in comparison with
the MSc students which were skilled using these tools. On
the other hand the marine meteorologists had significant
experience with weather data and route optimization tools
and these differences were observed when studying the re-
sults of the usability evaluation.

All participants completed the prepared tasks with-
out major complications and the overall opinions describe
SWIM as a tool with many possibilities. Direct data ma-
nipulation and filtering based on dynamic queries imme-
diately changing the displayed view and additional linked
views was greatly appreciated. All participants and espe-
cially the marine meteorologists described the possibility
to filter voyages in the world map view according to cri-
teria in the PCP as useful. During the evaluation the par-
ticipants also pointed out both known and previously un-
known issues and discussions about certain criteria regard-
ing visual and interactive representation brought to light
strengths and weaknesses of the tool.

With regard to the visual representations, participants
experienced the built in level-of-detail functionality in the

map view as smooth and natural. However, comments
where made about not being able to connect weather pa-
rameters to a specific route instead of regularly spaced
grid-points. All found the spatial organization of visual
representations as well thought-out and easy to interpret.
The ability to choose different visualization methods for
certain weather parameters in the world map and there-
fore being able to combine different representations was
pointed out as well designed and important. The ma-
rine meteorologists requested functionality where the user
would be automatically warned about voyages whose ships
are affected by extreme weather situations rather than hav-
ing to gain that insight during manual exploration. All par-
ticipants agreed that the information displayed in the map
view was relevant but additional information was requested
in specific situations such as more detailed voyage infor-
mation in the ship tool tip.

With regard to the interactive representation a difference
was noticed between the marine meteorologists and the
MSc students in discovering interaction possibilities. The
MSc students which are skilled using visualization tech-
niques based on brushing, picking and filtering found it
easier to discover and use these features. The marine me-
teorologists requested additional descriptions of the visual
representations. However, even though the chosen target
group is a small number of people using the tool regu-
larly we found it possible for people without previous ex-
perience of similar techniques to embrace the fundamental
ideas with a short introduction.

All participants pointed out the difficulty of comparing
weather values for different time steps. One participant
suggested maximum and minimum axis values of the Time
Step Coordinates Plot spanning over the entire forecast pe-
riod as opposed to being time step specific. Participants
also described the variety of selection methods to highlight
a unique voyage as well implemented and the different ap-
proaches as good complements to each other. The Selec-
tion Area tool was especially appreciated by the marine
meteorologists who saw advantages with the tool enabling
exploration of geographical areas.

The voyage time graph was described by all as a pow-
erful technique to quickly gain insight of weather develop-
ment along a specific route. Comments were however ex-
pressed regarding carefully choosing normalization values
for each parameter to avoid misinterpretation. Participants
also requested an explanation of the colors of weather lines
in the voyage time graph. The time slider was described
by all participants as natural and appeasing to use. A more
distinct representation of elapsed hours of the weather fore-
cast was pointed out as a valuable addition. When selecting
a single voyage requests about a go-to-ship functionality
was expressed, automatically focusing and positioning the



view over the ship corresponding to the selected voyage in
the world map.

Suggestions of improvements and additions to the GUI
were given. One of those, a feature pointed out missing
by the majority of the participants, was the ability to undo
steps in the interaction.

Conclusions
This paper presents SWIM which is a tool to explore

multi-source, time-varying and geospatial data. SWIM al-
lows weather forecast data and voyage information to be
analyzed using an interactive map view linked to a PCP
and time graph. Using SWIM analysts at shipping com-
panies can monitor ship voyages and weather development
along planned routes. Voyages whose ships are being ex-
posed to harsh weather can easily be brought to focus and
detailed route specific weather and voyage information can
be retrieved.

A qualitative usability evaluation was performed with
a selection of six participants. Discussing and exploring
the tool with each participant resulted in useful feedback
regarding functionality and design issues. All participants
completed the prepared tasks without major complications
and the overall opinions describes SWIM as a tool with
many advantages and interesting functionalities compared
to similar tools in the same domain.

In summary, especially appreciated features were:

• The world map view with interaction possibilities
such as highlighting, smooth zooming, brushing and
weather parameter visualization options.

• The PCP with the possibility to filter and distinguish
voyages according to weather criteria, presenting re-
sults immediately in the world map view.

• The voyage time graph which gives an overview of
weather development along planned routes of selected
voyages.

• The ability to view and interact with the geospatial
data in linked views with several highlighting possi-
bilities.

Using a PCP proved to be a powerful tool to filter and
explore data in the world map view. Discovering voyages
which fulfills certain weather criteria is an import feature
which is made possible using the filtering and picking tech-
niques of the PCP. The synergy between geovisualizataion
(map) and information visualization (PCP) was demon-
strated and evaluated as useful.

The both known and previously unknown issues re-
garding visual and interactive representation that brought
to light strengths and weaknesses during the evaluation
will constitute the foundation for further development.

5 Future Work
For future development of SWIM more automation

could be built into the tool. The tool could present a list
with voyages meeting certain criteria for harsh weather
conditions. Using this feature investigation of risky voy-
ages could start immediately without the need of first filter-
ing according to criteria. To easily compare weather val-
ues of different time steps for all voyages a second time
graph could be implemented were weather development
over time could be shown displaying one weather param-
eter and all or a selection of voyages. This would facili-
tate discovering of voyages experiencing the most extreme
weather parameter value during the entire forecast period.

The ability to use presets of user customizations, filter-
ing criteria and standard parameters to read would increase
the dynamics and speed when using the tool.

In the future the amount of active voyages will increase
and within a few years SWIM should be able to handle up
to 3000 voyages and would then benefit from using track
analysis methods [28] [29].

Shipping companies regularly evaluate the performance
of their ships by evaluating reports along the routes,
weather factors and other variables of interest to deter-
mine if the voyage was performed as planned [17]. To
facilitate this work SWIM could be extended to support
post voyage analysis. Using the time slider to view past
time steps and presenting reported data and waypoint spe-
cific weather SWIM could be a useful tool for this purpose.
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