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ABSTRACT
Global navigation satellite systems support the process of
performing navigational tasks today, so an accurate position determination is mainly possible. Assistance devices
like Electronic Navigational Charts and the Automatic Identification System are used besides radar and GPS to provide
ship navigation related information. Often the visual representation of the data is fixed, meaning it does not depend on
the vessel’s course and speed how things are displayed. This
increases the sailor’s cognitive workload and may lead to
wrong decisions in emergency cases due to additional stress.
In this paper we present the concept and prototypic sketch
of a new maritime navigation tool. It combines widely used
assistance devices with the aim to reduce the seafarer’s cognitive workload and to improve maritime safety and situational awareness, independent of the type of the ship.
Therefore the system is able to execute ordinary navigational tasks, detect dangerous situations based on the boat’s
environment and to inform the user visually and acoustically about such. We propose a touch-based approach using
a tablet, a smartwatch and a monitor to simplify interaction and information provision. To handle the system while
driving without explicitly focusing on the mobile device, enlarged touch areas are used.
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1.

INTRODUCTION

Throughout history inventions like magnetic compass, sextant and more recently radar and GPS helped to solve the
problem of an accurate current position determination [4].
Especially in the navigational context a small position error
is important when travelling from A to B [4]. For a long
time, inertial navigation systems (INS) have been used to
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calculate the position, speed and orientation of a vehicle in
a 3D space [4]. To obtain the coordinates double integration was performed on accelerometer and gyroscope data,
resulting in small errors accumulating over time and hence
an increasing position error [4]. Later, the Global Positioning System (GPS), that covers any part of the world, was
used [4]. To identify a vehicle’s position the distance from
ground to at least four GPS satellites is measured [4]. Today, global navigation satellite systems (GNSS) are usually
applied in the process of performing navigational tasks [2].
One drawback of the increased use in daily life is that the
satellite signals become more prone to jamming, so other
positioning systems and methods, which are equivalent to
the existing ones, have to be searched for [2].
In general there are two kinds of information in marine
navigation, some are related to sea or landmarks, others
to assistance devices [14]. Seamarks are visible from the
user’s view and indicate either some danger or the way to
follow [14]. Assistance devices like GPS, radar, the Automatic Identification System (AIS) or Electronic Navigational
Charts (ENC) provide additional navigation related information, normally with the course of the boat on top of the
display [14]. This poses a problem, since charts are often
printed with the North on top [14]. Hence when changing the boat’s course and speed the sailor has to keep in
mind that the orientations are different [14]. Especially in
emergency cases the probability of making wrong decisions
increases due to the additional stress [14]. So despite the effort of developing new navigational equipment for safe navigation, the amount of maritime accidents because of human
errors has not reduced to the degree expected [16]. Reasons
for that are the provision of excessive and unnecessary information, as well as unintuitive methods of supplying data
[16].
This paper presents the concept of a new navigation technology that could be used for any type of oceangoing, from
pleasure crafts to cargo ships. The goal is to create a prototypic sketch that illustrates the design and use of the proposed system. The latter should be intuitive to work with
and combine widely used assistance devices in a single one.
This means the system does not only deal with common
navigational tasks, but also with the detection of dangerous situations related to them. To get some insight into
the latest research, section 2 shows existing approaches and
methods to improve maritime navigation. Section 3 talks
about basic requirements of an innovative maritime navigation tool, while section 4 presents the design and use of the

developed prototype. Section 5 discusses the pros and cons
of this system. Finally, conclusions are drawn in section 6,
along with a short prospect of what could be done in further
research.

2.

RELATED WORK

As previously stated the number of maritime accidents
caused by human errors could not be reduced to the degree
expected by developing navigation systems with advanced
information technology (IT) [16]. The complexity of the
equipment along with excessive information provision interfered with a safe vessel operation [16]. Therefore current
research mainly focuses on the improvement of maritime
situational awareness by investigating two aspects: anomaly
detection using machine learning approaches, and effective
information provision by means of augmented (AR) or virtual reality (VR) [16].
Maritime situational awareness could be described as the
aim to create a maximum awareness of activities in the maritime environment using data sources relevant to maritime
security, like the AIS [1]. As information about ship type,
size and movement becomes more and more available, automatic processing should be applied to support human operators filtering out the information of interest [17]. To handle the big amount of data, recent experiments use machine
learning techniques like Neural Networks [17], genetic algorithms [1], or unsupervised and supervised learning methods [18]. Despite the different approaches, anomaly detection is driven by expert knowledge and data in most cases.
The objective is to teach those self-learning systems what
usual events are, such that they are able to adapt continuously without the need of frequent expert input later on [18].
However, this definition differs between contexts, like vessel
type, tidal status or current weather conditions [18]. Thus
expert knowledge is important to define rules and characteristics of normal and anomalous behaviour [1, 18]. Fusing
ship and voyage data available from radar and AIS along
with expert-based rules facilitates the development of sustainable self-learning anomaly detection systems, like shown
in [1], [17] and [18].
So far most ship and route related information is displayed
on multiple screens and devices [3]. As a result the operator has to turn his attention to a specific device and away
from the view outside the bridge [3]. In order to provide
the amount of data in a more effective way, for instance
directly in the person’s field of view, AR and VR implementations similar to airplane and military applications were
developed and tested recently [3, 13, 14, 16]. Jaeyong et al.
[16] use a head-mounted display that shows the view outside the bridge, but with an overlay of maritime services,
like GPS, heading, speed through water, wind and others.
To determine which of the available services are necessary
for navigation and how they should be represented they did
a survey with 20 experienced ship officers. After evaluating
the prototype Jaeyong et al. concluded that most participants gave positive feedback about the system, but some
of them had problems in distinguishing the still big amount
of data displayed. Therefore those persons had concerns related to the workload from the new technology. Hugues et
al. [13] present the integration of a vision system with thermal and classical cameras into maritime navigation software.
Here the user can switch between a virtual representation of
the navigation route and an augmented view of the cur-

rent environment. The navigation tool combines the data
from embedded hardware, like radar or GPS, with nautical
charts. It displays details about the route, as well as additional information from the AIS or other assistance devices.
Furthermore they propose a video monitor system, where
the virtual world is augmented by the video flow from the
cameras. This means that for instance sea and landmarks
and other route related pointers could be projected onto the
view of the real world. However, the use of cameras has some
drawbacks especially in case of bad weather conditions. Also
the problem of aligning virtual and real world properly is not
trivial. Morgère et al. [14] implemented a system on chip
(SoC) that is connected to see-through glasses. The SoC acquires necessary data from the boat network and combines
them with meaningful information computed and extracted
from a chart generator, according to the current coordinates.
Depending on the user’s head orientation the glasses then
display specific route related pointers. De Vlaming et al. [3]
conclude that the use of AR could help to improve safety
and situational awareness. The main argument is that the
operator would not have to look at multiple screens, but instead could concentrate on the events outside while having
all the important information in front of him. Furthermore
such systems could show on-screen alarms and warnings in
dangerous situations. In the end de Vlaming et al. also state
the main drawback of AR systems in the maritime context:
they are only reliable if the AR view aligns with the real view
outside. If this is not the case, for instance because of incorrect input data, then AR cannot provide much improvement
to the current navigation process.

3.

REQUIREMENTS

The previous section shows there are lots of ideas and approaches how maritime navigation could be improved. However, a common problem to all of those methods is that there
is no defined and agreed upon standard yet. So it is important to first find out what would be requirements of an innovative navigation tool before thinking about a meaningful
design of it.

3.1

Technical Difficulties

When implementing visual computing technology in the
maritime domain there are some aspects to be kept in mind.
First of all there are different requirements for each vessel
type, depending on characteristics like speed, size, draught
or operational area [14]. Second, the environment in which
ships and corresponding applications operate is typically
harsh (water, pressure, splash water, extreme temperatures
and heavy movements) [19]. This may cause further problems, for instance when developing camera-based approaches.
Apart from aligning the camera’s field of view to the real
world scene, disturbances like direct or reflected sunlight
on the lens, as well as bad weather conditions like fog and
rain, require quite some image processing effort in order to
reduce noise, circles and other glitches in the picture [14].
Furthermore cameras need to have a high resolution to be
able to also acquire small elements in far distances, causing additional computation effort later on [14]. Third, the
connectivity to navigation satellite systems or wireless data
networks is sometimes limited or unavailable on the open
sea [19]. Not directly related to the maritime context, but
a rather general requirement is the correct data generation
and provision. Otherwise it may be difficult to create reli-

able services.

3.2

User Interface

According to the International Maritime Organisation ship
handling consists of three tasks: track-keeping, manoeuvring
and collision avoidance [5]. Thus the seafarer has to process environmental data and data presented on the vessel
bridge [3, 5]. However, keeping track of all the information
and furthermore interact with numerous assistance devices
is not easy, especially in situations where bad weather or
stress may quickly cause decision errors [15, 14]. Though
groundings or accidents can also happen because of ignoring
or forgetting navigational rules [14]. So in order to lower
the chance of getting into dangerous situations one of the
main aspects of an innovative maritime navigation tool is
the reduction of cognitive workloads [15, 14]. This could be
achieved by providing navigational information in the user’s
field of view and displaying the data from assistance devices
on charts dependent on the ship’s course or heading [14].
Additionally the application should be configurable, meaning the user is able to select the information to be shown or
hidden [14].
By default the amount of displayed data should be reasonable. The seafarer cannot process too much information
in very short time, whereas with too less he might not be
able to adequately survey the current situation. Concerning the way of presenting data it is evident that every used
symbol or illustration should be easy to understand, related
to the real world, and be distinguishable from others. The
same applies to the colouration of such items. Moreover,
elements like buoys, beacons and other sea and landmarks
should be compliant with the standard representation of the
International Association of Lighthouse Authorities (IALA)
[15].
As described by Morgère et al. [14] the data can be organised in three categories. The first category contains state
data like speed, course, position and time. Alert data from
AIS, radar or sonar form the second category. Here, flashing
elements could be applied to indicate a hazardous situation.
However, it is important that alarms are raised carefully. A
small rapid passenger vessel in the vicinity of a cargo ship
does probably not lead to a collision, whereas exactly the opposite might be the case when two cargo ships cross routes.
The third and last category covers the data important for
the navigation task.

3.3

Hardware

Regardless of boating on a small river or on a big sea,
the surrounding area influences the usability of the application. First, the system must provide information under
various light and weather conditions, from a shining sea to
a dark night or a heavy rainstorm [14]. Second, the system has to stay usable even when getting wet due to rain or
sparkling water. This also holds for the ship’s on-board sensor technology and cabling. The sensor data are then used
by software to execute the navigation related computations.
By this, graphical objects can be positioned and removed on
the electronic chart based on the boat’s current position and
heading [15]. Furthermore the data from radar and AIS also
have to be processed in order to detect potential dangerous
situations [15]. Since all this requires quite some computational effort, powerful computational units should carry
out the calculation and emergency detection tasks. This in-

cludes that the navigation also works properly in case of no
satellite connection, meaning it uses the data from on-board
sensors like speed and compass to maintain this process,
similar to car navigation systems. Ideally, redundant components are used to increase the reliability of the system and
to lower the impact of hardware errors.

4.

PROTOTYPE

Reading through literature and talking with sailors showed
that ship handling in general requires a lot of knowledge,
experience and training. In addition to that the number of
displays and buttons increases with the size of the vessel.
So the idea was to create a system that combines as many
assistance and information devices as possible and to display their data in a single and centralised place. In this way
it might be possible to create a standard technology that
could be implemented on any kind of ship such that every
bridge looks and works similar. To run the route calculating and emergency detecting tasks, on-board computational
units would be preferable, since they can directly receive and
handle the sensor data. After being processed a single screen
in the user’s field of view will provide the information. This
rather classical approach of data visualisation was chosen
for various reasons. First, it has been applied in practice
for many years, so the user does not need to get used to an
unknown or new technology, unlike with AR or VR (at least
at the moment). Second, today’s displays mainly are adaptive to different kinds of daylight, so information is always
visible, even in extreme sunlight. Third, showing data on
a screen means that it can also be shown somewhere else.
Hence distributing multiple screens on the ship allows for
having a look at the current situation outside the bridge
too.

4.1

Touch-based Interaction

To control the system an off-the-shelf mobile device is applied. Smartphones could be used, but tablets would be
preferred in general as they usually have larger screens and
thus a bigger interaction surface. These devices offer various advantages. First, they provide by default numerous
modalities that can be used to enhance interaction possibilities, like for instance buttons, haptic and audio feedback
[7]. Second, they can store data [7]. This allows planning
the route already in advance, saving it on the device and
sharing it with the boat’s on-board computer later. Third,
smartphones and tablets are daily companions and literally
used for everything. So most people know how to work with
them and therefore do not have to learn something new.
The idea is to enable all ship navigation related tasks on
a single device, from entering the route through to selecting
a specific map section during the voyage. However, these
actions have to be distinguished in terms of focus and interaction. For instance when entering the route, the user
has to explicitly look at the smartphone or tablet screen,
whereas switching between radar and map view should be
possible without a closer look. So ideally selecting a view
could be done without looking at the device. For this reason
it should be placed in the user’s area of control. Figure 1
shows an example scenario where the tablet is on the righthand side of the steering wheel and the information display
in the lower part of the sailor’s field of view, similar to the
automotive context.

Figure 1: Example scenario of a ship bridge. The
tablet is on the right-hand side of the steering wheel,
placed in the user’s interaction area and rotated towards him. The information display is behind the
wheel and at the bottom of his field of view, which
is known from car dashboards.

4.2

Application

The user should concentrate on the ship handling tasks
instead of being distracted by the smartphone or tablet itself, meaning that it should not be allowed to use the device
for other things while driving. Thus for the UI design an
approach similar to the first version of Google’s Car Home
is chosen, where only those functions are available that are
useful for maritime navigation. As a result, the application’s
main screen consists of four elements: route planner, navigation view, weather forecast and bearing, like shown in figure
2. An additional small monitor icon on the upper right side
symbolises that an external screen is required to display the
function related information. Via the 3-dots menu in the
action bar the application can be configured, synchronised
with the ship’s on-board IT and closed.

4.2.1

Settings

The user should be able to adapt the application according
to his needs. This includes common settings like language
and units (for instance temperature, pressure and distance),
as well as more specific ones like alert signals and elements
to be displayed or hidden in navigation view. It is possible
to do the configuration in advance, but also while driving.
If the device is connected to the on-board IT, the latter
is favourable for configuring navigation related settings, as
changes are immediately visible on the external screen.

4.2.2

Weather Forecast, Position Accuracy

The weather forecast contains common data like temperature, humidity, sunset/sunrise, moonrise/moonset, rain,
wind force and direction. If no navigation has been started,
the forecast only refers to the user’s current location. Otherwise it is related to the recent and estimated location, depending on the ship’s speed. In this case also data about the
swell is shown. Four time intervals can be selected: 1, 3, 6
and 12 hours. More than 12 hours might be too inaccurate.
Applying the bearing screen a virtual representation of
the momentary location accuracy is shown.

4.2.3

Route Planner

Entering a route works almost the same like with any

Figure 2: Core functions of the application: route
planner, navigation view, weather forecast and location accuracy visualisation. By opening the 3-dots
menu in the upper right corner the application can
be configured, closed or synchronised with the onboard IT. A small monitor icon indicates that this
specific function requires an extra screen.
other common route planner. The only difference is that
before selecting a start and end point, the user has to provide a few details about his ship. Environmental conditions
like weather and sea state, but also boat characteristics have
an impact on the route. A big cargo ship cannot pass a small
river, as well as a sailing boat might get into trouble on the
sea because of high waves and heavy wind. For this reason
the first step is to enter ship type, draught, maximum speed
and average fuel consumption. Afterwards start, end and
waypoints can be selected and the route will be calculated,
considering the ship data. When the calculation process is
done, the user can decide between multiple routes: fastest,
economic, or the one the most preferred by the seafarer community. However, the latter presumes that such a route is
available and that there are active communities, which share
their experiences. Otherwise only two routes will be shown.
For each course distance, travel time and estimated fuel consumption are indicated. After the user has selected the route
an overview will be displayed, as shown in figure 3. Here it
is possible to edit the route again, save it on the device such
that it can be reused later on, or start with the navigation
directly if the device is connected with the vessel’s system.
By default the sidebar on the left presents the three main
parts of the journey, which are most of the time leaving the
port, being on the sea and entering the port. To get more
information about a specific part the user just needs to click
on it.

4.2.4

Navigation View

So far the mobile device has been actively used to configure the application, check the weather or enter the route. In
this mode it plays a more passive role, as its only purpose is
to switch between different views and handle the navigation
map. The main idea is to simplify the interaction with the
system while driving as much as possible. For this the number of elements to be available on each application menu was
limited to five, such that the interaction area can be divided
into more or less equal parts, like exemplarily shown by the
red dashed rectangles in figure 4. As a result there are larger

Figure 3: Route overview after selecting one of the
suggested routes. On this screen the user has the
options to edit the route once again, save it on the
device or start the navigation. The sidebar on the
left provides further route information on click, similar to Google Maps.

Figure 4: Navigation main screen with hinted touch
areas. Four functions are available: a map view to
display current navigation related information, ship
radar to check the traffic in the ship’s environment,
weather forecast along with a live radar view, and
settings to adapt the data visualisation according
to the user’s needs. All these functions require the
connection to an external screen, indicated by the
small monitor icon on the upper right side of each
function. The interaction area is split into four equal
parts. Due to the enlarged target size it is more
likely that the user can trigger a specific function
even when not actively looking at the screen.

target sizes for each element than in common applications.
In theory the user then just needs to know roughly on which
side or corner of the screen a desired function is and will not
have to take a closer look at the screen to be able to trigger
it.
Like on the application’s main screen there are four functions: map view, ship radar, weather forecast and settings,
as depicted in figure 4. Again, the small monitor icon indicates this part requires an external screen, since all information will now be shown on that one and no longer on the
mobile device.
1) Settings. This is almost the only situation in navigation
view where the user explicitly has to look at the mobile
device. Basically the settings here are the same as in 4.2.1,
but since the focus is on the visual and acoustic information
provision, they are rearranged. By this the user may for
instance enable or disable data elements on the screen and
observe the changes immediately.
2) Weather forecast. To get a quick overview of the upcoming weather situation, the function known from 4.2.2 is
also available here. The forecast is related to the estimated
location and depends on the chosen time interval. In addition to that there is a live radar view to present the latest
weather data.
3) Ship radar. Another important tool is the ship radar.
In recent years the number of ships that use the AIS has
grown. However there are still many of them that either do
not have it or where it is available, but not activated. Ships
in a certain vicinity of the own position are shown in the
navigation map. If the user wants to have more information
about what else is around him, the live radar view can be
applied.
4) Map view. Apart from the route planner this is the
main feature of the application. Here the user can switch
between two different views and manipulate the map using
the mobile device. As this should be again possible without explicitly looking at it, the touchscreen is split into
three sections, a larger and two smaller ones. The latter
have the same size and are placed at the bottom part of
the screen, whereas the bigger section covers the rest of the
available screen space. Common map manipulations as panning, zooming in and out can be applied in this area by swipe
and pinch gestures. Normally these are performed directly
on the map. Yet in this case there is a difference concerning
the pinch gesture, since the map handling happens on one
device and perceiving the changes on another one. Hence
the user does not know which part of the map will be actually changed when pinching. In order to avoid that a cursor
will be shown on the external monitor by the time the user
touches the screen with a finger. The cursor can be positioned by moving the finger on the touchscreen. Afterwards
the pinch gesture can be applied as usual. For swiping this
intermediate step is not necessary. The other two sections
at the bottom part are used to switch between the map’s
views and to restore its original zoom level and position.
By default an aerial view like in car navigation is displayed. The screen is sectioned into three parts, as shown
in figure 5. The top part covers general data: current speed
and distance to the ground, fuel consumption and tank capacity, compass, distance left to go and estimated time of
arrival, bearing accuracy and time of day. The left-hand side
of the screen indicates weather data for the upcoming three
hours, as well as the current and next ship steering actions

Figure 5: Default navigation view. The top and lefthand part of the screen are used to provide ship,
weather and steering hints, while the rest shows the
nautical chart and navigational information. The
number of displayed elements in the chart depends
on the user’s settings.

to be made (adjusting speed and course). The remaining
part displays the nautical chart and navigation related information. These are the following: latest ship position and
colour-coded route, seamarks along the route, ships in the
vicinity (including AIS data like name, length, speed, distance and course if available), coordinates, wind force and
direction, swell, sea profile and depth contours. Depending
on the user’s settings, more or less data will be shown in the
chart. To reduce the cognitive workload the visualisation of
route and chart always refers to the current course. Radar
and AIS are used to indicate ships that are in one’s environment. However, only those that are relatively close to
the own ship are displayed. This might avoid an overfilled
screen. For the nautical chart, OpenSeaMap1 is used. Apart
from offering many possibilities to configure the map, it also
can be used ashore. This may be convenient especially in
case of planning a trip with waypoints or when looking for
specific points of interest.
The other one is a kind of first person view that simulates
what can be seen when looking straight outside the window
of the bridge. The main purpose of this view is to provide
a virtual representation of the area in front of the ship in
case of poor sight, for instance because of a dark night or
heavy rainstorm. So ideally it should be possible with it to
still manoeuvre the ship safely, even under tough weather
conditions. Hence an accurate location determination is required. Otherwise if the bearing is too vague, the view is
not reliable anymore. The top part and data provision is
the same as in aerial view, but the sidebar on the left with
information about upcoming weather and steering actions
was removed to have more space available for the first person view. Hence the steering instructions are now shown
directly on the colour-coded route, as depicted in figure 6.
Swipe and pinch gestures for manipulating the map can also
be applied like in the default view.
1
http://map.openseamap.org/?lang=de, last visited on 6
July 2017

Figure 6: First person view. The area in front of
the ship is simulated to enable safe ship handling,
especially in tough weather situations. Steering instructions are now indicated right on the route, thus
the sidebar on the left could be omitted. As a result
only information important for the current situation
is displayed.

4.3

Emergency Detection

Another aspect of the application is to detect and prevent
dangerous situations early on. In general there is a wide
range of what could be potentially harmful, from invisible
rocks under water, to heavy storms and vessels that move
towards each other. By means of the various technologies
that are available, like radar, AIS, sonar and so on, all those
situations should be detected at an early stage and ideally be
avoided from the beginning. The type of the ship is important for that. Compared to a big cargo ship a pleasure craft
can be handled easier, as it reacts faster to changes due to
the smaller size and weight. Furthermore it is often no problem to drive in shallow waters with it. So the information
about the own ship provided when planning a route, along
with the mainly static data like seamarks, depth profiles and
obstacle positions will be used for the route calculations.
The second part is to detect anomalies while driving. This
requires permanent monitoring of the ship’s environment under and over water. The difficulty is to identify potentially
risky situations, but not instantly raising an alarm on every
one of them. For instance a pleasure craft crossing a cruise
ship’s route a few hundred meters away may probably be
nothing dangerous, whereas the contrary would be the case
if it were not a pleasure craft that is crossing but another
cruise ship. From a psychological point of view an alarm
may increase a person’s stress level. Since the goal of this
application is to improve maritime safety while decreasing
the stress in harmful situations, an alarm should only be
triggered if the attention and focus of the user is really required. Depending on what the system has detected, more
or less information is shown on the mobile device and on
the screen. For instance if the ship has been set to maintain
its current position, but is no longer able to do so, a short
info text about this will be displayed. If it is probable to
collide with another ship, then there will be an additional
suggestion how this situation could be avoided, such as by
decreasing the speed or changing the course. This is also

5.

Figure 7: Default navigation view indicating two
ships that are crossing the route. For better visibility they are coloured red as long as the situation
is considered to be potentially harmful. Comparing
this image with figure 5 it can be seen that the proposed current speed was reduced by the system in
order to avoid a collision.

visualised in the map. If a vehicle is coloured green this
means there will likely be no danger. Otherwise, if there
could be a collision or something else, it is indicated by red
colour and flashing at regular time intervals such that the
user pays more attention to it, as depicted in figure 7.
To turn off the alarm the user needs to confirm it by pressing a button on the screen of the mobile device for two seconds. By this it should be made harder for the user to
deliberately ignore the warning, as he is forced to look at it.
Hence the probability might be higher that he would read
the info text, at least subconsciously.

4.4

Smartwatch

A mobile device like a tablet or smartphone is the main
input device of the system. Furthermore it would be possible
to integrate a smartwatch into the on-board IT for basic actions like switching between screens and confirming alarms.
This would be advantageous especially on larger ships for
two reasons. First, numerous monitors can be distributed on
the ship to provide information at different locations. If it is
necessary to switch between the map views, ship or weather
radar while being somewhere else than on the bridge, this
could be done by means of the watch. If the user wants to
change for instance some map settings, he has to do it using
the tablet or smartphone on the bridge, since this device
is not intended to be carried around on the ship. Furthermore the screen size of the smartwatch is a limiting factor
for this task. Second, the smartwatch could also provide
haptic, acoustic and visual feedback in case of an alarm. So
even if the user is not on the bridge or near a display he still
could be notified. Turning off the alarm works the same as
on the mobile device. However, depending on the situation,
the confirmation via smartwatch may not possible. This
would be the case when ship handling actions are involved.
By confirming the alarm on the bridge, the user can simply
look at the system’s suggestion instead of remembering the
message.

EVALUATION

Up to now the suggested system has been realised in form
of a clickable prototype. Based on the current state it is
difficult to get qualitative feedback from the users, since the
functionality of the prototype is rather limited. So the evaluation in the following is more of an objective comparison
with other, already existing approaches.
In this system all information is basically shown on one
screen. Unless the amount of data is not reduced, it probably
might lead to an increasing cognitive workload. However,
this is exactly what should be avoided in the first place. So
the next step, after developing a more functional version of
the prototype, would be to find out if it would be better
to either split the single screen into two separate ones, such
that there is for instance one for navigation and another one
for weather radar data, or to reduce the number of available
information to be shown. On the other hand, separating
the data on two screens may also increase the workload,
as the user then has to filter again what is the important
information on each screen.
The prototype idea and design is based on existing approaches, like those described in previous sections, as well
as on applications like the Navionics Boating App2 , and discussions with friends (with different seafarer experiences)
about the pros and cons of new maritime technologies and
assistance devices. Even for the small amount of people it
can be concluded that there are two types of seafarer: some
are open-minded to try out and use new technologies, others are not very convinced of all the technical gadgets. So
the system tries to be a solution suitable for any kind of
ship and person. With the acquired knowledge a general
survey could be done to investigate what would really be
helpful to improve maritime safety and situational awareness, in relation to seafarer experience and boat type. This
also includes testing the performance of the proposed touch
zones in general and with various screen sizes. Furthermore
it has to be found out if the applied colours for everything
not standardised, like the visualisation of ships in green and
red, are intuitive, and if the colours are generally suitable
for different lighting conditions. Finally it is important in
this context to determine whether the suggested position of
tablet and monitor, as described in section 4.1, is meaningful. Afterwards the results could be used to improve the
prototype.
The proposed virtual first person view of the ship and
its current environment also needs further investigation. In
general the idea of the AR approaches to show navigational
and safety related information right in the user’s field of
view is beneficial, especially when bad weather limits the
sight. Due to the drawbacks of AR, this virtual version of the
current surroundings was created. However, it may also be
possible that this kind of representation increases cognitive
workloads or the stress level in dangerous situations, since
it is not the real world like outside the bridge. In addition
to that it has to be figured out whether the user would rely
on the system in such cases.
Taking classical, non-reflective screens instead of AR or
VR the readability problem in different light conditions may
be avoided. Furthermore this approach allows distributing
the current state to every part of the ship, and not only on
2
https://play.google.com/store/apps/details?id=it.
navionics.singleAppMarineLakes, last visited on 5 July 2017

the bridge itself. Using a smartwatch the user can easily
switch between different screens and also get instantly notified about dangerous situations, independent from where
he actually is on the ship. Though this additional feature is
presumably not necessary for every type of ship or trip.
Planning a tour is also straightforward, since it works basically the same as in Google Maps. It can be done everywhere
and thus also in advance. Furthermore, the combination of
a tablet device with the computational units on-board has
multiple advantages. Since the computational units handle
all sensors and assistance devices, their number, as well as
corresponding displays and controls on the bridge could be
reduced. As a result it would also be possible to create a
common standard concerning the on-board IT infrastructure
and the representation of information. Using a mobile device as a kind of input and control device does not require
long training and learning time, as today the majority of
people knows at least how to interact with a smartphone,
whereas this might not be the case for AR and VR technologies. Finally it is also a lightweight solution, as a tablet
and smartwatch, including their charging units, are not very
heavy and big and therefore can be stored in any bag.

6.

CONCLUSION AND FUTURE WORK

In this paper we presented a new type of maritime navigation tool. For this basically existing technologies were combined. The proposed system uses a touch-based approach
instead of AR or VR, consisting of a tablet, a monitor and
optionally a smartwatch. The tablet is used as an input and
interaction device for mainly three tasks: planning routes in
advance, switching between different views (map, weather,
radar) and ’manipulating’ the navigation map while driving. The monitor provides navigational information dependent on the selected view and settings. It is possible to
distribute various screens on the ship and to control them
with a smartwatch, such that the current situation may also
be checked from somewhere else outside the bridge. Furthermore the watch can display alert notifications when the
system detects a dangerous situation.
To improve this prototype further research has to be done.
This includes for instance surveys and expert interviews to
find out which colour schemes are applicable and whether
the suggested range of functions and information provision
is meaningful. In order to exchange data between the system on the ship and the input devices it is necessary to
think about an interface such that tablets, smartphones and
smartwatches could be integrated into the on-board IT and
malicious software on these devices would not be able to jam
the whole system. The probably most difficult part is to create the algorithms that merge the information of weather,
sea state and other environmental influences for navigation
route calculations and emergency detection. Nevertheless
all essential technologies and techniques for that are available. So this step rather requires combining the potential
of things that already exist instead of inventing something
completely new.

7.
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