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Abstract

In the last couple of years, the deep-sea was recognized as a source to scarce metals. With the
rising concern on the impact of mineral exploration activities, predictive models have been developed
to simulate the discharge of sediments, resultant of mining operations. The data produced by these
predictive models have to be visualized in an appealing way — to reach the non-experts and decision-
making entities. For this, animated videos showing spatial changes over the time are generally the
chosen method used to disseminate this information. We propose a system called Sedify. This system
allows data visualization in 3D and to observe changes over time. It also allows to capture snapshots
of relevant points in space and time, that are used to create videos through interpolation mechanisms.
This system was evaluated by experts from Instituto do Mar and Marine Environmental Sciences Centre
of the Departamento de Oceanografia e Pescas, University of Azores (IMAR/MARE) and Marine and
Environmental Technology Research Center, Instituto Superior Técnico (MARETEC), and via Usability
Tests. The tests revealed that this system is useful, with a simple and usable interface, proving to be a
good alternative to existing solutions.
Keywords: Deep-sea mining, sediment dispersion, information visualization, animated videos

1. Introduction

In the past few years, the deep-sea was recognized
as a possible source to scarce metals [9]. The
possibility of exploring the deep sea raises some
concern on the impact on the marine environment,
mostly because of the sediments released during
and after exploration [1]. Azores’ area might be
the only viable option for mineral deep sea explo-
ration, being the only EU Member States EEZ with
enough mineral reserves worth exploring. Nautilus
Minerals Inc. has already applied for exploration in
Azores [4].

A scientific research team from Instituto do Mar
(IMAR) and Marine Environmental Sciences Cen-
tre (MARE) of the Departamento de Oceanografia
e Pescas, University of Azores, developed a
model to predict the potential dispersal of sediment
plumes originated from the deep-sea mining op-
erations. The data generated by IMAR/MARE’s
research team, provides the possible sediment
dispersion in three-dimensional high-resolution —
100x100km x 2km, during one year. The resolu-
tion is dynamic, being <1m near the surface and
around 150m at 1000m at depth. Large datasets
produced by simulations models or acquired by
sensors, usually require data visualization tech-
niques to extract valuable information. The goal of
data visualization is to represent data in a readable

way, to access and understand information eas-
ily [3].

Despite having the data resultant of running
the predictive model, IMAR/MARE’s research team
needs to visualize and present their data in an ap-
pealing way. In order to achieve the general public
and decision-making entities with a more perceiv-
able approach, the research team needs a tool to
interact with the data and keep the frames of im-
portant and relevant tracked events. This way, a
video can be generated with the relevant informa-
tion found. To achieve this, a system called Sed-
ify, a browser-based tool, will be developed. This
system will help the experts navigate in space and
time through their data, and create videos that ”tell”
a story.

1.1. Objectives
For the success of this work, we believe that a sim-
ple yet effective goal should be defined. In this
work, our goal is:

To develop a tool that visualizes sediment
plume dispersion in the deep-sea and facili-
tates the creation of animated videos suitable
for dissemination and decision-making.

In order to be successful, this system must sat-
isfy the following key points:

• Allow the visualization of the sediment plume
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dispersion with color coding and flow repre-
sentation techniques;
• Allow a free spatio-temporal exploration;
• Include pan, zoom and rotate camera control;
• Allow the user to select relevant frames and

collect them;
• Generate and export a video with the collected

frames.

2. Related Work
A sediment plume is a layer of large amounts of
sediments suspended in water. The importance
and relevance of visualizing the sediment plume
dispersion is, either to minimize the impact on the
ecosystem or to establish ways of conducting busi-
nesses in a field that is not well regulated. Informa-
tion visualization can be helpful to detect and apply
regulations beforehand. Marine logistics and main-
tenance of extensive and expensive marine engi-
neering projects in oceanic and coastal areas re-
quire institutions to have and provide access to rel-
evant information in an understandable way over
the web [10].

2.1. Flow Visualization
The visualization of continuous multivariate maps
is done by many disciplines, such as oceanology
and meteorology. Prior lessons learned for meteo-
rology can be adapted to sediment transport visu-
alization [5].

Pathline is the line followed by a given particle in
an unsteady flow. A streamline is the line that is
tangent to the flow direction. A pathlet is a short
pathline segment that represents a single traveling
particle (Fig. 1(b)).

(a) Representation of a vec-
tor [12]

(b) Pathlets example [2]

Figure 1: Flow representations.

2.1.1 Representation

Pathlets convert particles’ position into pointers of
speed and direction. They are represented as line
segments that start at the current location of the
particle and connect each previous location in or-
der until reaching a location past the elapsed time
threshold [2]. The user has the ability to specify the
elapsed-time to draw the pathlets, giving more or
less visual weight, more or less historical trajectory

data. The opacity is given by the ratio of the time
elapsed from the current frame over the maximum
elapsed time of the pathlet, providing a perceptual
hint of the pathlet’s direction, even in static screen-
shots. The speed is represented by the vector’s
magnitude. As particles move faster, their pathlets
trace out a longer path. This way, pathlets cover
more pixels in total - faster flows will have more
visual impact, while slower flows will have more
sparse pathlets.

As mentioned above, pathlets show the history
of particles’ trajectory - their traced path and where
they are headed. This can have a negative impact
in the visualization, since it does not provide any
information of the current state of the flow field [6].
Streamlets may represent the flow’s magnitude at
any given position in time, as opposed to path-
lets. The cause of strange behavior of stream-
lets was attributed to modeled numerical outliers.
Streamlines are generally accepted to be the best
choice when representing vector fields [11]. They
are easy to implement and have intuitive seman-
tics [7].

2.1.2 Color

Multivariate maps usually have to deal with vari-
ous representations at the same time. It is some-
times useful to take full advantage of multiple vi-
sual channels. Color channel is usually chosen,
because color adapts very easily to different rep-
resentations and scales very well on maps [12].
Since color adapts very easily to different repre-
sentations, it can be applied in many different con-
texts. For example, color was used to distinguish
regions of deposition and erosion, blue and red ac-
cordingly, in their sediment transport visualization
tool [5].

Figure 2: Sediments traveling through a shallow area and get-
ting eroded (red) and deposited (blue) within the regions [5].

2.2. Interaction
One major weakness in modeling and simulating
tools has been the poorly designed interface and
interaction. The already-existent sediment trans-
port visualization tools are very limited in terms of
features and not intuitive enough to visualize re-
sults [5].
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With a browser-based solution, users are able
to explore spatially over time. Simple and intuitive
pan and zoom controls were the chosen navigation
controls, resembling Google Earth’s controls. The
navigation bar was placed on the left side and the
tools on the right side of the window in this system.
Interacting, visualizing and comprehending a time-
varying 3D map requires a set of cognitive and per-
ceptive skills, that have to be previously acquired
by a person. To optimize the learning effect and the
efficiency when viewing and interacting with such
map, dual coding method was considered. This
method consisted of bringing together symbols and
color coding to represent graphical variables. This
avoided too much visual information and increased
the efficiency of processing the information by the
user. Navigation in two dimensions was included,
since it is easier than the navigation in three di-
mensions. The drawbacks to using 3D to display
real-world scenes are: definition; distortion (spher-
ical perspective); topographic irregularities; hidden
objects; scale-dependent feature presentation; or
geometric inconsistencies [10].

Resch et al. have determined the following set
of requirements to choose the technology used to
develop a browser-based tool: being supported
by web-browsers, up-to-date, Easy development
complexity, good performance, being portable, in-
tegrate data, allow the use of geo-coordinates, pro-
vide 3D visualization and low to non-existent li-
censes cost.

2.3. Discussion
The analysis of existing tools and animations cre-
ated for similar use cases, revealed a complex way
of creating animations of spatio-temporal data, lack
of a good user experience and/or a steep learning
curve. To address this need, we believe that a min-
imalist, easy to setup with an improved user expe-
rience is in need.

3. Sedify
Sedify is an easy to setup, browser-based cross-
platform application that allows the visual explo-
ration of sediment plume dispersion in the deep-
sea and, the creation of animated videos, suitable
for dissemination and decision-making. This tool
was developed to help IMAR/MARE scientific re-
search team to visualize data and create videos,
useful for dissemination in political forums. We fo-
cused on maintaining the interface and experience
as minimalist as possible, while providing impor-
tant features for the activity of information visual-
ization and exporting animations.

3.1. Architecture and System Overview
This system follows a common client-server archi-
tecture, composed by three major components: the

frontend (client-side), the backend (server-side)
that, under HTTP protocol delivers the HTML, the
JS scripts and the data for the application, and a
database. The architecture of this system can be
consulted on Figure 3.

In a client-server architecture, it is usual to sep-
arate data operations (storage or preprocessing)
and the user interface. This is achieved by plac-
ing these operations on the backend (Fig. 3).

Figure 3: Sedify’s architecture.

The frontend consists on a single-page applica-
tion that requests data to the backend and displays
it. The communication between both ends is made
through a REST API with HTTP requests. The API
has defined a set of endpoints, accessible through
the mentioned HTTP requests, resulting in a re-
sponse containing data in JSON file format. The
backend is responsible for handling data opera-
tions, consisting in preprocessing raw data to con-
vert and deliver it in more widely accepted formats
(e.g., JSON).

We have decided to use Node.js to develop our
server, since it is a JS an open-source and cross-
platform environment. Node.js provides a package
manager, Node Package Manager (npm), one of
the largest repositories of open-source JS libraries.
The server takes full responsibility for the applica-
tion’s data by fulfilling two main functions: prepro-
cessing the raw datasets and making the propro-
cessed data available through the REST API.

The frontend consists on the visual part of the
application and with what the users can interact
with. It was mainly developed in HTML, CSS and
JS. This stack of the application is mostly respon-
sible for taking care of the graphical interface and
interaction with data. This application’s display is
composed by two layers (Fig. 4): the WebGL
scene and the interface. It was developed to be
interacted with mouse and keyboard. The mouse
can be used to control the interaction with the We-
bGL scene and the interface, while the keyboard is
mostly used to fill values in the input fields. We-
bGL was chosen to render the 3D graphics in our
application.

3.2. Data preprocessor
The raw data provided by IMAR/MARE was in the
file format HDF5. This format is known to be helpful
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Figure 4: Frontend layers composed by WebGL and UI.

when dealing with large and complex data collec-
tions. This format was not intended to be used by
web applications, therefore its integration in web
systems is not particularly easy. After consulting
the content of the raw datasets, it was possible to
conclude that it was possible to simplify the data
by dividing it into the following datasets: Deep-sea
terrain, Sediments and Date.

The Deep-sea Terrain dataset corresponds to
the geometry of the deep-sea model, which is
the grid mesh of the deep-sea terrain and its ge-
ographic coordinates information. From the raw
data, it was kept the field Bathymetry, Longitude
and Latitude. Each field is a 2D array. The n-index
of each array is mapped to the same cell in the
3D model. Bathymetry contains data relative to the
ocean’s depth relative to the sea level for every co-
ordinate pair of Longitude and Latitude. In conclu-
sion, the terrain grid dataset is composed of three
2D arrays. In order to access the information of
the first cell of the grid, one has to access the first
position of the three arrays, for example.

For the Sediments dataset, it was important to
select what was relevant from the Results group.
For the purpose of the visualization, we have de-
cided to keep the data that is used to define the
particles’ spatial position in the 3D model, which
is the latitude, longitude and depth. These three
fields can be mapped to the model coordinates
(X,Y and Z). For a more appealing and informa-
tional visualization, the particles can be repre-
sented by other data fields. From the provided
data, IMAR/MARE team decided to visualize con-
centration, temperature and salinity. In conclusion,
this dataset is composed by the following datasets:
depth, latitude, longitude, salinity, concentration
and temperature.

The last dataset considered was the Date. This
dataset is not only used to coordinate and map a
unique timestep to the corresponding date of sim-
ulation, but also to map the date to the particles
state in all the visualization data fields. This field
contains information about the year, month, day,
hour, minutes and seconds, for every timestep.

To extract the data we had to create a program
that reads and manipulates the raw data files. Our

research led us to h5py, a Python library that pro-
vides an interface to interact with HDF5 files, al-
lowing the iteration through the original files. Two
of the most widely adopted formats on the web are
JSON and XML. We opted to use JSON, due to its
simpler syntax and better integration with JS. The
script prepared the datasets to be used by the ap-
plication, grouping multiple data fields into JSON
files (Fig. 5). It was possible to determine and se-
lect which data fields to include when exporting the
files. This helped reduce the data size.

Figure 5: JSON file structure.

3.3. REST API
An API is considered a set of procedures that per-
form one or more tasks with the intent of being
used by other software.

Once the frontend application requests data for
a certain timestep, the server interprets the re-
quest, and serves the requested data as JSON file.
This communication is done via HTTP protocol; the
client requests the data with the GET method. The
frontend can request data from the server by call-
ing the API endpoints. The small boxes inside Par-
ticles contain all the data (e.g. concentration, po-
sition, and so on.) about the set of particles at a
certain point in time, grouped by the timestep. We
have defined the following endpoints:

− GET /api/sediments/{filename}/{timestep}
Returns the particles’ properties for a given
timestep and filename. The results contain
time information, particles’ position and other
fields (e.g., concentration, temperature, ...).

− GET /api/time/{filename} Returns the whole
time information for a given filename. The re-
sults contains the year, month, day, hour and
seconds, for all timesteps.

− GET /api/terrain/{filename}/ Returns the ter-
rain grid for a given filename. The results con-
tain three arrays: the bathymetry, the latitude
and longitude.
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3.4. Data Visualization
The deep-sea terrain was decided to be repre-
sented as a 3D surface plot (Fig. 6(b)). The grid is
created through mapping the depth on the Z-axis,
the latitude to the Y-axis and longitude to the X-
axis. The particle system was decided to be repre-
sented as a 3D scatter plot (Fig.6(a)). The particles
are placed in the model by mapping their depth, lat-
itude and longitude to the model coordinates (X,Y
and Z). This allows not only to change them spa-
tially, but also to apply colors each different parti-
cles for a given property (color coding). The end
result is a combination of both plots.

(a) 3D scatter plot exam-
ple.

(b) 3D surface plot exam-
ple.

Figure 6: A concept of visualization: 3D plots example.

Pathlines are commonly chosen to visualize drift
trajectories [8, 2]. A pathline describes the trajec-
tory of a particle over time. Due to our data and
particles’ structure, it seemed an obvious choice
to choose this method of visualizing the flow field.
The user has the ability to choose the tail size, in
other words, the number of a particle’s past posi-
tions. This option gives more or less visual weight,
with more or less historical trajectory data. The
current position is more opaque than the past po-
sitions, providing a perceptual hint of the pathlet’s
direction, even in static screenshots. As particles
move faster, their pathlets trace out a longer path.

Color is a commonly chosen visual channel,
used mostly as a scale. This visual channel works
well with flow visualization methods. Color adapts
very easily to different representations, being ap-
plied to many different contexts [12]. The color
scheme plays a big role in the effectiveness of the
visualization. Our system allows color coding by
assigning colors to particles based on one of their
selected properties.

3.5. Interface and Interaction
The interface was divided by the Timeline bar (top
bar) and a multiple purpose bar (bottom bar).

The Timeline bar was used to place a slider to
make it possible for the users to navigate through
time. The ability to freely explore the data spatially
over time is a key feature of this software. The free
spatio-temporal exploration ability of our software
is possible due to the operations of requesting the
data from the server to then render it in the fron-
tend, and the mechanisms to interact with it in 3D. It

is possible to retrieve all the data for a specific date
with the use of this timestep, since all the visual-
ization aspects and data are referent to the current
loaded timestep.

The multiple purpose bar includes features to
capture snapshots of the visualized timestep, edit
and organize the captured snapshots to make a
video on the Camera roll, navigate in time, export a
video, watch all the exported videos and edit the vi-
sualization appearance of the scene and/or video.
This bar also provides a color scale that indicates
the current visualization scale, property of visual-
ization and the color scale chosen.

Figure 7: Operational prototype main screen.

The mouse is used to interact with the 3D scene
with three controls: pan, zoom and rotate. These
controls are mapped to the mouse buttons. Orbit
rotation controls were used, this means that the
view rotates around a point of interest.

3.6. Creating and Exporting Videos
This tool provides the ability to take snapshots of
the 3D scene. The combination of this mecha-
nism and the navigation controls, allow to build a
robust compilation of the 3D scene. A snapshot is
a record of the camera’s position and focus point at
a given timestep. The snapshots are collected on
the Camera roll.

When rendering a video, our system generates
intermediate frames in-between every two snap-
shots by interpolation; calculation of data points
with a range of discrete set of known data points,
in this case the camera’s position and focus point
in both the start and end snapshot. The transitions
are editable, this means that a user can specify the
duration, the easing (how fast the camera moves
over time) and motion type (translation or rotation).

When rendering a video, the application shows
a display that provides a loading bar with the cur-
rent progress of the video. All the videos generated
within a session are possible to watch and down-
load in the Videos list menu.

3.7. Change Options
There are many different aspects of visualization
that are editable through the Options menu. This
menu is divided in three sub-menus: the Parti-
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cles, the Geometry and Scene and Video Ren-
der. The Particles sub-menu allows to tweak par-
ticles’ visualization parameters. It is possible to
choose the particle size, to toggle the particle tail,
to choose the particle tail, to select the visualiza-
tion property (variable), to choose a default color
gradient (e.g. rainbow color scale) or to make one
out of two colors, and to select the visualization
scale. The Geometry and Scene sub-menu allows
to tweak parameters related to the deep-sea terrain
and the scene in general. It is possible to choose
a color for the deep-sea terrain, select a color for
the background, select the opacity of the deep-sea
terrain, toggle the deep-sea terrain wireframe and
show/hide it. The Video Render sub-menu serves
essentially to apply a different framerate, to choose
in which corner of the video to place the legend or
to show or hide the coordinate labels. The latter
can be used to give geographic context.

4. Evaluation
To get an objective evaluation of Sedify some tests
were carried out. These tests can be divided into
two different categories: Experts’ Feedback and
Usability Tests.

4.1. Experts’ Feeback
We have conducted a demonstration of the soft-
ware with experts in this field of study, from
IMAR/MARE and MARETEC. The purpose of this
stage of evaluation, was to assess if the system is
useful, and presents quality information. This eval-
uation stage was conducted in person or video-call.

4.1.1 Methodology

Firstly, we greeted the participants and explained
that the main goal of this evaluation stage was to
assess the quality of the produced animations, and
if the developed tool suited their needs as profes-
sionals.

Secondly, the present experts had the opportu-
nity to explore the system, create animations and
watch already created videos. For the experts that
could not be present, the demonstration was con-
ducted via video-call. A detail explanation of the
system was done, and a visualization of previously
created animations.

Lastly, we handed a questionnaire that contained
a set of questions regarding their profile, role and
expertise. The questionnaire contained 13 sen-
tences that had to be evaluated with a 7-point Lik-
ert scale (7 means that they totally agree), and
three open answer questions.

The open answer questions were: ”What did you
like the most about this software?”, ”What did you
like the least about this software?” and ”What limi-
tations do you think this system has?”.

4.1.2 Results

This evaluation stage was conducted with 5 par-
ticipants, 3 were male and 2 female. Three par-
ticipants were inquired in person and 2 were in-
quired via a video-call. For the purpose of dis-
tinguishing between participants, they are labeled
as E1 (Expert 1), E2 (Expert 2), and so on. The
participants were researchers from MARETEC and
IMAR/MARE. E1 is an Associate Professor in Uni-
versidade dos Açores and, E2 is an Associate Pro-
fessor of Instituto Superior Técnico, Universidade
de Lisboa. The participants were experienced with
data visualization software of ocean data and/or vi-
sualization of flow. Two of the participants work in
this field of investigation, having experience in vi-
sualizing and analyzing sediment dispersion data,
E1 and E4.

It was consensual that the experts considered
the developed system useful in their work (IQR=0).
This sentence had a minimum of 4, given by E3,
since this expert’s work is not related to the analy-
sis of sediment dispersion in the deep-sea. Sedify
was believed to make their work easier (IQR=1),
except once again, for E3. They believed that this
system was easy to work with (IQR=1) and that it
was easy to learn how to use it (IQR=1). Their
workplace offers both conditions and opportunity to
use this system (IQR=0). The results seem trust-
worthy and the system seems to work well with no
problems (IQR=0). They believed that a system
like this seems to be the future of 3D data visual-
ization and prefer this over the traditional methods
(IQR=1).

Sedify does not provide all the necessary tools to
perform data analysis (IQR=0). We were expecting
these results for this particular sentence, since this
was never the intended purpose of this tool. We
implemented basic data analysis features, to allow
the users to quickly and effortlessly create anima-
tions.

This tool may not be necessary every single day
(IQR=2). We have learned that experts need these
tools, mostly when it is relevant to show or present
results in a conference or in political forums, for ex-
ample. E1 and E4, out of the 5, were the partic-
ipants who believed they would benefit the most
from this tool.

Some of the answers given to ”What do you like
the most about this tool?”: ”Making videos very
easily with a visualization that looks great.” (E3),
”User-friendly and intuitive interface. Applying the
concept of existing tools, but with better user ex-
perience. The system seems faster than similar
tools.” (E5), ”Making videos to be used on presen-
tations and data-analysis. The simplicity of the sys-
tem, being very easy to use.” (E1), ”Being an inter-
active 3D system. Big potential to be used with
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Virtual Reality (VR).” (E2) and ”Nowadays, having
these systems on the web is fundamental. The
system has a simple and enjoyable interface. The
control over the color and the particle size is fun-
damental and not always available in similar sys-
tems.” (E4).

Some of the answers given to ”What did you like
the least about this software?”: ”It is not an alterna-
tive to systems that offer more complex visualiza-
tion features.” (E4), ”Some menu names may be
confusing, since there is not a standard in these
types of applications. I thought the Render menu
served to render the scene in 3D.” (E1) and ”Per-
sonally, I don’t think the date slider is straightfor-
ward to choose a date.” (E3).

Some of the answers given to ”What limitation do
you think this system has?”: ”I would like to watch a
video before rendering it.” (E4), ”I believe this sys-
tem needs to store sessions, so I don’t have to con-
figure every time I start the application.” (E5), ”It
needs to show the area of visualization in a world
map, giving a geographic perspective.” (E3) and
”I would like to export videos in different formats.”
(E1).

4.1.3 Discussion

We believe that we achieved our goal of creating a
user-friendly interface. That was mentioned more
than once by the experts. We also believe that we
have achieved our goal of building a useful system
with a better user experience than similar tools.
The experts appreciated the particle system and
the visualization options provided with this system.
It was interesting to see VR mentioned, by one of
the experts, as a potential future development for
this tool.

Our system does not provide complex visualiza-
tion features, that other systems do provide. This
tool was developed to be a web application, that
provide the necessary visualization options and 3D
interactivity to perform the activity of building an an-
imation. It is accepted that this tool it is not an alter-
native to other more complete tools. However, the
experts also mentioned that more complete tools
have a less user-friendly interface and interaction,
associated with a steep learning curve. This way
our tool seems to be a better option.

One expert (E1) mentioned that some menu
names like the ”Render” may be confusing. We
have followed the common convention for these
systems. It may be possible that this means some-
thing completely different in different environments,
but that is out of the scope of this work.

E3 mentioned that the date does not seem
straightforward to choose on the timeslider. To
averiguate this, we planned usability tests, to better

understand if not only this particular element, but if
this system is usable.

The limitations the experts pointed out can be
seen as suggestions for the future of this tool, or
other similar tools. We believe that no big limita-
tion was pointed out. Watching a video before ren-
dering it, may be possible with preprocessing ren-
dering mechanism, that once requested allows the
visualization of an animation already processed.
The developed REST API can be adapted to allow
the storage of the session. The browsers built-in
local storage are also an option to the expert con-
sidered limitation.

In conclusion, we have received really important
feedback from the experts, that not only validated
the work done, but also provided quality sugges-
tions for future developments. Sedify can be con-
sidered a new and better way of creating sediment
plume dispersion videos. End-users can easily and
quickly create videos with this tool. This is mean-
ingful due to the fact that the experts have knowl-
edge in the matter. We conclude that Sedify is a
useful tool.

4.2. Usability Tests
Usability tests were conducted to assess the qual-
ity of a system’s usability and interactivity. For
this, we have defined 3 tasks and evaluation met-
rics, to better understand how well the users per-
formed. We have decided on tracking the success
rate for each task, the time to execute the tasks
and the users’ subjective satisfaction. This evalua-
tion stage was conducted with 20 people and took
place in private houses and university rooms. All
the tests were assured to be in equal conditions.

4.2.1 Methodology

Firstly, the participants were explained the system
and that the main goal of this evaluation stage was
to assess the usability of the application. We ex-
plained how the software was supposed to work
and that the main goal of this evaluation is to de-
termine if it is easy to generate animations and vi-
sualize spatiotemporal data.

Secondly, the participants were given three to
five minutes to explore the application without any
instruction and get familiarized with it. We also took
a few minutes to answer any questions regarding
the interface and the use case.

Thirdly, we asked the participants to perform
three tasks. Each task is broken into a subset of
actions the participants must do. For each action
that the participant does not perform, or performs
incorrectly, that is considered a fail (miss).

Lastly, the participants were requested to answer
a questionnaire. This questionnaire contained sen-
tences the participants had to evaluate with a 5-
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point Likert scale, where 1 means ”Strongly Dis-
agree” and 5 ”Strongly Agree”. Two demographic
questions were also included, age and gender.
The presented sentences were used to better un-
derstand their profile, their experience of using
our system and the System Usability Scale (SUS).
SUS is a subjective metric, that consists of a 10
item questionnaire, used to evaluate the usability in
terms of effectiviness, efficiency and satisfaction.

4.2.2 Results

The results presented in this section can be divided
into two categories: results from the task execution
and results of the questionnaire, that contain the
SUS scoring.

The results of the task execution were:

• Task 1 average time 30.1 seconds (stan-
dard deviation=16.1) and average success
rate 90% (standard deviation=19%). We are
95% confident that the mean time it takes to
execute the first task is between 23.1 seconds
and 37.2 seconds.
• Task 2 average time 189.9 seconds (stan-

dard deviation=96.2) and average success
rate 88% (standard deviation=13%). We are
95% confident that the mean time it takes to
execute the first task is between 147.7 sec-
onds and 232.1 seconds.
• Task 3 average time 110.9 seconds (stan-

dard deviation=58.1) and average success
rate 91% (standard deviation=14.6%). We are
95% confident that the mean time it takes to
execute the first task is between 85.4 seconds
and 136.4 seconds.

The results of the SUS questionnaire:

• Question 1 average score 2.25
• Question 2 average score 3.35
• Question 3 average score 3.2
• Question 4 average score 2.8
• Question 5 average score 3.55
• Question 6 average score 3.5
• Question 7 average score 3
• Question 8 average score 3.65
• Question 9 average score 3.35
• Question 10 average score 2.5

The final SUS score is 77.88 (sum of all aver-
age scores for each question and multiply by 2.5).
31.15×2.5=77.88.

4.2.3 Discussion

We have observed no difficulty determining the be-
gin and end date of the video to be exported, dur-
ing the execution of Task 1. In fact, only one partic-

ipant failed this. The participant who failed at get-
ting the both dates right answered the begin and
end date of the loaded data, the dates that are
shown on both sides of the Timeline bar. Surpris-
ingly, 4 participants failed at determining the dura-
tion of the video to be exported.

During the second task, the users had to analyze
a provided video and recreate it. We considered
this task particularly difficult, since the users had to
perform all the necessary actions to export a video.
We noticed that the users had more difficulty in ac-
tivating the particles’ trace, possibly because this
option was not visible in the main screen. We ob-
served that the participants did not have much dif-
ficulty in recreating the descending camera effect.
5% of the users had trouble in applying correctly
the time duration. We observed that they became
confused by how they were supposed to interact
with the transitions between snapshots.

Task 3 was executed after the second task, in
which the participants had to explore the system
and have contact with most features. We expected
the users to have less friction with this task, and
that was our observation, since the participants
who had failed at activating the particles’ flow, a
feature present in a hidden menu, did not fail simi-
lar actions during this stage.

There were no statistically significant differences
between the success rate means as determined
by a One-way ANOVA with a α=0.05 (F(2,57) =
0.29174, p = .748073), which is expected due
to the interface is generally the same for all the
tasks, in general aspects. However, an analysis
of variance showed that significant differences be-
tween the execution times, determined by One-way
ANOVA with a α=0.05 (F(2,57) = 29.71137, p =
.00001). The Post hoc test Tukey’s HSD (Hon-
estly Significant Difference), revealed that the HSD
is 49.89. This means that minimum difference be-
tween means must be 49.89 for significance. The
difference between the means of the execution
times for each task, have shown that all the three
tasks are statistically different. The difference be-
tween the first task and the second task is 159.8,
the third and the first is 80.8 and the second and
the third is 79. This reveals that there is a bigger
difference between the first and the second task,
and that the difference between the third and the
first task is approximately the same as the sec-
ond and the third task. This was expected due to
the fact that all the tasks has a different number
of steps and complexity, being the second task the
most complex of the three tasks. The first was con-
sidered the easiest one.

The questionnaire had 4 questions related to
four different parts of the application we wanted
to better understand the experience. The analysis
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made to those questions concluded that the users
agreed that it was easy to identify the particle’s tra-
jectory, to select a data on the time slider, to deter-
mine the video length, and applying changes in the
settings and the appearance of the scene (IQR=1).
When compared the users had more difficulty in
determining the video length, this is both confirmed
by their answers to the questionnaire to question 5
and their performance in Task 2.

Our application scored 77.88, which is consid-
ered above average. This correlates with a score
of ”Good”. When analyzing the SUS score it is pos-
sible to see that the two of lowest scoring answers
were ”I think that I would like to use this system fre-
quently” and ”I needed to learn a lot of things be-
fore I could get going with this system”, which may
indicate that the participants are not the end-users
of this system, and had to understand the domain
problem to use the system. On the other hand,
three of the best scoring answers were ”I found
the various functions in this system were well inte-
grated” and ”I found the system very cumbersome
to use”, which indicate that the various functions of
the system seemed well integrated and with a fast
response. Overall, the results are good and show
that this system is usable.

5. Conclusions
In order to conclude, it is important to revisit the
requirements that were set in an early stage of
this work. The meetings that were carried with
IMAR/MARE over the time, resulted in defining the
following requirements:

– The system has to be easy to learn how to
use;

– The system needs a user-friendly interface
and experience;

– The system needs to allow a free spatiotem-
poral data visualization;

– The system has to export a video of the
changes over time;

– The system has to allow the user to visualize
different variables and change the parameters
of visualization.

We strongly believe that we have achieved the
goal of this work, by fulfilling the requirements men-
tioned above. We have achieved the goal by devel-
oping a browser-based application, that allows the
visual exploration of the sediment plume disper-
sion in the deep-sea and, the creation of animated
videos, suitable for dissemination and decision-
making. This goes into account the requirements
that were set for this work. This claim is supported
by the results of the system evaluation, both with
the experts’ feedback and the usability tests. The
developed system does:

– Allow the visualization of the sediment plume
dispersion with color coding and flow repre-
sentation techniques;

– Allow a free spatio-temporal exploration;
– Include pan, zoom and rotate camera controls;
– Allow the user to select relevant frames and

collect them;
– Generate and export a video with the collected

frames.

The experts’ feedback have shown that this tool
is useful and allows to export good quality anima-
tions. The usability tests have shown that we have
achieved the proposed goals, and provided useful
information about this system’s implemented fea-
tures. The results of the usability tests were good,
since this is a first iteration of a new tool that sim-
plifies the process of more complex tools.

5.1. Achievements
One of the greater achievements of this work was
the development of a fullstack tool that allows
the spatiotemporal exploration of the dispersion of
particles in the deep-sea. The frontend of this
tool was developed using web-technologies. Web-
technologies are usually not chosen for similar use
cases. We have mitigated the data loading prob-
lem by leveraging the work on the frontend with
data preprocessing and loading mechanisms on
the backend.

Another achievement of this work is the devel-
opement of a user-friendly interface and experi-
ence for the process of creating videos. This
is considered an achievement, due to fact that
this tool mitigates the steep learning curve usually
present in similar tools used for this use case.

This work achieved a solution to preprocess
data, in the HDF5 file format, that is generated by
the MOHID modelling system. This solution con-
sisted of using an interface to interact and manip-
ulate the HDF5 files, to export them into a more
widely used format on the web. The preprocessor
script was made available to help further develop-
ments. A REST API to interact with the data gen-
erated by the data preprocessor was developed.
This not only facilitated the data communication
between the backend and the frontend, but also
empowers other applications to read and request
the data. This was not only useful for this work, but
may be helpful for further work done in this field of
investigation.

5.2. Future Work
Sedify is able to grow and improve in the future to
become an even better solution for sediment plume
dispersion visualization. Despite this tool being de-
veloped specifically for this use case, it is possible
to imagine this being applicable to many other 3D
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use cases. Improvements to make both the fron-
tend and the backend more efficient, could be ap-
plied in the future.

Every time the users open the application, it
starts with the default configuration. A different ap-
proach for this would be to store sessions. The
REST API could be re-used and applied to this, by
allowind the user to transfer a session and store
it on the server. Later, once the user opens the
application, it would be possible to load previous
sessions.

The videos are currently getting rendered on the
frontend. Different solutions for this could be ex-
plored in the future. For example, rendering the
video on the backend leveraging the work that the
frontend’s work. To note that the current solution
works as intended.

The exported videos have an overlay legend
placed in one of the corners of the display. This
is used to provide information of what’s being visu-
alized. Different overlays could take place along
the video. For example, annotations or descrip-
tions that a user may want to refer on a specific part
of the animation. A description of the phenomenon
visualized, or other information.

Last but not least, Virtual Reality is currently get-
ting more used for the most varied visualization
activities. As it was mentioned, by one of the ex-
perts interviewed during the evaluation stage, this
work could take the direction of Virtual Reality. It
definitely is an interesting point and worth explore,
since being immersed in a video creation activity
could be way more interesting than otherwise.
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