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ABSTRACT
In this paper we present an augmented reality interface with
interaction possibilities for maritime applications. This interface is utilized using a head up display, which should be
projected onto the bridge window or a glass screen in front
of the steering officer. We analysed which data has to be
displayed on this screen and how to order it. We use the
dynamic projection of data to support the situation awareness. We want to supply a collision avoidance system, by
presenting alternative routes to the steering officer. An interaction with the augmented reality should be able using
a touch input or gesture control enabling an augmented interaction on the bridge. We created a video prototype to
evaluate the situation awareness and satisfaction with the
functionality. We conducted a field study with participants
with maritime experience to view the prototype and give
commentaries about the usage.

situation on the outside. To adjust parameters like speed or
rudder the steering officer has to put his attention away from
the screen, down to a console. An intuitive system should
be desired due to the low standardisation for existing ship
instrumentation, in contrast to for example cars or planes
with a high level of standardisation [23].
In this project we aim to create a prototype of a system
for augmented interaction in the navigation of ships. The
augmentation is done through a head up display, where all
necessary information is projected to dynamically focus the
user’s attention on the most immediately changing information. This provides a good situation awareness and through
this data fusion to one central point it allows a single person navigation, by reducing the workload [34]. It should be
possible for the user, to directly interact with the projected
data and thereby adjust live settings and navigation planning. The legal boundaries of naval shipping are put into
consideration for this method of interaction.
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1.

INTRODUCTION

Computer support systems for navigation and work tasks
are used in a broad spectrum. The goal for those systems
should always be to provide the information necessary for
the user, without the user having to explicitly pay attention
to the information source. Head up displays are used to
project information directly into the field without drawing
the attention away from the object of interest. Those interfaces are already used for cars and planes.
Those interfaces are a combination of data, provided through
sensing systems, like speed or amount of fuel left and navigation data, which is provided through GPS data and saved
maps. A wide variety of data is gathered and provided to
the controller of boats. There are multiple sensing systems
and support communication systems, which provide a wide
array of data. This big amount of data has to be processed
by the user, meanwhile always keeping an overview of the
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2.

RELATED WORKS

In the car and plane industry head up displays for augmented reality are already in use. There are different attempts to maximise the clarity of the projected data, deciding between the amount of data projected and the ability
of the user to process the shown information correctly and
intuitively. Those systems also try to offer error prevention
instruments, such as collision warnings or support under bad
outdoor conditions.
In the car industry there have been multiple attempts, for
creating the correct strategy and layout for head up displays.
Park et al. (2013) used an augmented head up display to supply the driver with additional safety information [29]. The
system offers the driver also augmented information when
the weather conditions are bad. This aspect can be very
useful for a ship’s steering officer, due to bad conditions on
sea. They also detect objects, that are not given information
through GPS system or similar. A decision module helps to
decide which objects are important and how to deal with
them. Their system uses a camera to detect the objects in
the field of view. For the implementation on a ship, these
kind of systems can also rely on the information of i.e. a
radar system to project dangerous obstacles below the surface.
There have been attempts before to create a use for augmented reality on the bridge. Mostly those attempts used
a head up display or some kind of smart glasses to project
the information into the field of view. For those projection
systems it is necessary to be aware of the ships horizontal

alignment and a tracking of the infinite horizon is needed.
Hugues et al. (2014) proposed a system which is able to
track the horizon in real time for operations in a maritime
context [16]. For their approach they use a combination of
sensor and video data. The inertial measurement unit is
used to define a smaller area, which the image processing
algorithm uses to detect the horizon. Using this method
they are able to diminish false positives for their set-up and
use the detected horizon to project the route to follow in the
correct position of the display.
A mobile approach was made by Morgere et al. (2014), highlighting important aspects in the field of view through arrows pointing on the objects [25]. They approach the necessity of not overlaying every object in the field of view,
because it would be too difficult for a user to process all the
information at once. They separate the field of into two categories, near and far. Both of these groups have a maximum
number of objects to fit in. The system is limited by it having to be able to work under extreme luminosity variations
and needs to be fitted for every user.
A research about the situation awareness on ships using augmented reality was conducted by Hong et al. (2015), where
they projected the AIS data into the field of view [15]. They
evaluated the situation awareness through multiple metrics,
such as the situation awareness rating technique (SART) or
the situation awareness global assessment technique (SAGAT).
They conducted a study of people with knowledge of maritime scenarios. The results for both metrics showed significant advantages of the augmented reality system. All participants preferred the setting with augmented reality, but
asked for more detailed information and a map view from
above also projected somewhere in the field of view.
A survey about the belongings of the interface was conducted by Oh et al. (2016) to organize the information given
to the user [17]. Their focus lies on the support of fast and
clear decisions, in difference of the complicated overloaded
design of the usual setting on the bridge of a ship. They
categorized the data into three parts, the ownship information, traffic ship information and Electronic Chart Display
and Information System (ECDIS). We will split the data
similarly for the prototyping. For their set-up the ownship
information which is projected in a display above the window on a conventional setting is projected in the top of the
augmented display and the AIS information is directly overlain, to the object it corresponds to. The feedback to the
system was positive in a survey about the satisfaction with
the provided functions.
We also want to give the user the possibility of interaction
with the augmented reality. We considered the approach
of Spies et al. (2009), creating an augmented interaction
system for the automotive domain [35]. For the part of the
data presentation they also used a head up display. For their
approach of interacting with the augmented reality a touch
display was used, which mirrored the display. The touch pad
can either give completely hap-tic feedback through vibration to the user or can include few movable elements. This
way the user does not have to look down from the screen
and is able to input commands intuitively. They proposed
to use the system to be able to get information about points
of interest in the field of view and to be able to interact with
the adaptive cruise control.
The information presented must be chosen carefully. Even in
with today’s systems it is not easily possible to use the right

system in the right situation. Madden (2016) compares in
his article the ARPA and AIS systems and notes the importance of the steering officers understanding, what system to
use in which situation and warns about overly relying on single systems [22]. Similar is stated by the Japan Ship Owners
Mutual Protection and Indemnity Association (2015) also
state on this over reliance on the system, to a degree, that
marine officers fail to look out of the window and thereby do
not notice objects that are not projected by the system [1].
They emphasize strongly on the fact that ARPA and AIS
are not able to tell that there is absolutely no risk of collision and thereby the surrounds have to be watched by the
steering officer.
The head up display also should show how to change course
to prevent collisions. Therefore the ship needs to know how
to evade a critical situation. Kuwata et al. (2011) proposed
a system that automatically follows the rules of the International Regulations of Preventing Collisions at Sea (COLREG) for unmanned shipping devices [19]. This system also
takes uncertain movements of swimming hazard into account
and does a pre-collision check. Instead of automatically
changing the course, in an augmented environment these
kind of systems can be used to project the course change,
for the captain to decide if he wants to follow through.
On top of this structure we aim to support the user by
pulling his attention to important places in the field of view.
In the paper of Mueller et al. (1989) research the influence of
different methods of steering the attention of the user [26].
They compare a symbol in the middle, which shows as an arrow in the direction, where the information is shown. They
compared this method to a peripheral flash in the direction
of the attention focus. Their first experiment conducted that
the attention gets drawn faster to the location using a peripheral flash. In their second experiment, it was conducted,
that the attention of a central cue can be more easily disturbed by sudden peripheral changes.
We want to fuse the ideas of the previous work, by using
the information known about the interface composition of
ship interfaces. Situation awareness and user preferences are
taken into account, as well as information from similar fields
with more experience in this object, as the car industry. We
want to extend the presented augmented reality with input devices to interact with the information presented and
thereby allow the augmented interaction on the bridge of a
ship.

3.

METHODS

3.1

Information data

The data that is needed for the steering officer to control
the ship is gathered by multiple systems. On one hand the
data has be provided by the ships instruments, as the alignment of the ship, which is especially important for the head
up display to be able to project information correctly. For
all other purposes the ship gathers information by using the
Automatic Identification System (AIS).

3.1.1

Automatic Identification System (AIS)

The AIS system is designed for collision prevention between ships and is used for vessel traffic services to control
the shipping navigation on a big scale. Every ship is legally
forced to have an AIS on board, with the only exception
of military ships, which often have the system with the op-

tion of turning of the transmitter. Using this system the
ship is able to receive data of other vessels on the sea. The
data received can contain static information of the individual ship, like name, ship type or identification number. Also
changing data, like gps position, rotational rate, speed over
ground and destination.

3.1.2

Ownship Information

The own instruments provide further information to the
ships. On top of the information, that is transmitted using
the AIS, we can use the information of the heading, speed
through water, echo sounder, radar and wind direction and
speed.

3.1.3

ARPA

The ship’s automatic radar plotting aid (ARPA) also provides additional information, which are commonly used for
collision avoidance through the calculation of the closest
point of approach (CPA) for other ships and landmass. The
system provides information about the course and speed of
surrounding objects. Also the effect of own manoeuvers can
be predicted by the system and therefore can support the
successful avoidance of a collision [4].

3.2
Figure 1: The name of the ship, speed over ground,
heading and destination are projected above for easy
readability.

Interface

For the decision, whether or not to use the data available
on the head up display, we used the survey of Jayong et al
[17], which conducted a questionnaire over what information
was needed and how it should be represented effectively.

3.2.1

AIS Interface

Of the AIS data we project the ship name with the addition of the country on top of the representation. In addition we display the speed over ground in knots and the
ship heading in degree. On the bottom we aim to display
the destination. This information are exchanged by the information in harbour or not manoeuvrable. We want to use
these settings as a standard set up for our system to keep
the information limited. It is also possible for the captain
to select the projection of additional information by interacting with the projecting object and selecting it. This way
it is possible to get more detailed information in form of the
IMO number, the MMSI number, rotational rate and exact
ship position. As an option these displayed information can
also be configurable for personal preferences. The data is
placed above the object, as can be seen in figure 1. Of small
yachts or sailing boats which just shortly cross the field of
view only the name gets displayed, when not in harbour, to
not fill the interface.

3.2.2

Figure 2: After using the input device to click onto
the information, the IMO number, MMSI number, rotational rate and exact ship position are added.

Navigation Interface

For the navigation the route is projected directly in front
of the vessel. It shows the pathway for the course in sight. In
different articles it was discussed, whether or not to project
a top down view of the boat into the interface. These range
from the near surroundings of the bot to the map that is
projected by the electronic chart display and information
system (ECDIS). We also experimented with using or not
using this option in figure 3. We thought about positioning
the data on the top left or top right, since the position is the
most times inside the sky, and does not overlap any other
information. The third option was to project the map onto
the part of the screen, from where only the own ship was

Figure 3: The data of the ecdis display is added to the display on the top left corner or the top right corner.
In addition to these options we also tried to project the information over the visible part of the ship. The
RUD and ROT settings were recently changed and are displayed in the center until they fade away when the
steering process is done.
visible, and thereby also not overlapping any navigational
information. Instead of the ECDIS or in addition on another
position, i.e. top left and top right we suggest the ARPA
system, which is presented by a 4:3 raster scan in modern
systems.

3.2.3

Own ship interface

We project the data of the own ship on top of the screen,
as can be seen in figure 4. There are no units displayed
in this top screen, because this way it is easier to focus on
the projected number and the fixed data together with the
description makes it clear for people that have experienced
the necessary training to be allowed to steer a ship, which
values are presented. We used to order the information from
left to right, as follows.
On the top left we project the global position of the ship.
This information are far from the centre of attention due to
their slow change. These kind of information are not controlled in short intervals, but whenever the attention can be
spared.
To the right, we project the wind speed and direction relative to the vessel, for the captain to be able to react properly
to critical conditions. These information are followed by the
values of speed over ground (SOG) and speed through water (STW). Those are the different values to describe the
ship’s speed. The speed over ground value is used to be
able to predict the time used to get from one point to another, since it displays the speed a ship is moving on a global
scale and can be measured using the gps system. The speed
through water measurement is meanwhile needed for collision avoidance. The speed over water is needed to determine
the correct viewing position of another ship and then correctly apply the collision avoidance rules [2].

Next data presented are the course and heading. Those
values can often be the same when navigating on the seas.
The course is the angle of the planned route to the compass north. These values gets influenced on every turn of
the ship. The heading is described by the angle, where the
ship’s nose is pointing [8]. This explains, why under neutral
conditions the course and heading are the same. They differ for example under strong wind conditions or in a drift.
These conditions need to be compensated by crossing and
therefore heading the boat in a different direction as the
course would suggest.
The rudder indicator informs about the angle of the rudder
from the straightforward position. The rate of turn (ROT)
indicates the rate the ship is turning in degrees per minute in
relation to its starboard. The Depth is also represented for
the steering officer to deny grounding, when getting into too
low water. On the top right we display the date and time,
which are also information that do not need a big amount
of attention.

3.2.4

Dynamic Information

On top of the static interface of the own ship information,
we want to flash the information changed in an instant on
screen. When speeding up or steering, the captain does not
have to look up to the own ship bar, but can directly view
the information in his centre of attention, where the data is
overlaid projected in figure 3. For this screen the data protected are the wind speed, SOG, STW, CRS, HDG, RUD,
ROT. The GPS position, date and time and depth are not
displayed through this, since their constantly changing values. For the rest of the data, the information is projected
in the centre, as long as changes are applied i.e speeding up
or turning the boat, or external changes happen, i.e. wind

Figure 4: The data presented on top of the augmented screen. All data belongs to information obtained by
the ships instruments.
is getting stronger. Until the changes are done, the data is
represented for an additional 10 seconds to check the information in the centre of attention. On top of flashing data
like this critical objects, that could cause collisions are highlighted through them blinking, until the situation is resolved.

3.3

Controls

For the interaction with the interface we suggest the usage
of either a touch panel with tactile feedback to feel the interface without looking down or gesture recognition to directly
interact with the projection screen.

3.3.1

Tactile touch

An option to control the presented interface could be tactile touch panel. It needs to have a similar shape of the
screen, of the head up display which is mirrored by this
panel. For an easy ability to reach over the display with
one hand we suggest the size of smaller tablet devices, from
7 to 8 inches. For the feedback we need a 3 dimensional
representation of the projected data, which can be achieved
with lateral friction forces [18]. In figure 5 it is shown which
parts of the display would need to be touchable by the user.
To reduce the possibility of marking wrong objects we suggest the need for a double click. On the first click on an
object it is highlighted on the screen. If the object on the
screen matches the object the steering officer desired to click
on it can be confirmed by a second click, which results in
the projection of additional data, for the AIS information or
starts the navigation reroute process which is explained in
the next chapter 3.4.

3.3.2

Gesture recognition

Another option for the input we want to suggest is gesture
recognition. For this we could either utilize a camera based
system or a wristband for the recognition [31][28]. For the
system to be easily understandable the gestures used should
be reduced to a minimal amount. Therefore we only want
to use a pointing gesture for the user to hover over the interactive items. When the preferred item is hovered over
the additional information can be showed by an outwards
pinching gesture, similar to maximising a screen on a touch
interface. By a repeated pinching gesture, the additional information can be closed. The route selection menu can also
be dragged, by grabbing the projected route and pulling it
to the left or right.

3.4

Navigation

For navigational purposes the course will be selected in the
beginning of the cruise using a map, similar to application
of google maps or usual navigation systems. The system
provides the option to change the course life by adjusting
the route in sight. By this option, especially i.e. cruise
ships have the ability to decide to change the course to stay
near landscapes worth seeing, depending on weather and
conditions of visibility. The course is adjusted, by dragging

the projected route to the preferred position. During the
process the navigation system recalculates the course and
gives a feedback, whether or not this route is possible. After
finishing the process the steering officer can lock the route
to the new course. The ship then adjusts the rudder settings
to get onto the newly adjusted course.

3.5
3.5.1

Technical requirements
Display

We need to cover the windshield of the bridge with the information, for them to be perceived on the correct position.
For this to achieve we need to project two separate images
for each eye as can be seen in figure 6. Therefore we need
two optical systems, which project the information from the
micro displays onto the wind shield [27]. The advantage of
this technique would be that all instruments are inside the
bridge and there is no need for them to have parts outside
where there are exposed to the weather conditions.
One of the disadvantages of these kind of systems are the low
brightness. On the maritime context the display needs to be
able to work under various conditions. Ranging from night
scenarios where it should not blind the steering officer for
things that happen outside the window to bright daylight,
where the display still needs to be visible and give reliable
information. For a higher brightness we could use the system proposed by Sato et al. (2006) which uses a projector
to directly converge the light at the user’s eye position and
which has showed to achieve a high luminance on the display [33], shown in figure 7. We also chose the green colour
of the display because of their results in comparing the projection of different colours. A drawback to this system could
be the exposure of some elements to the weather due to them
being placed outside the window. This problem can be fixed
by planting a second glass in front of the actual window and
projecting the information there.

3.5.2

Touch panel

The optical objects that are mapped to the input panel
are for the most simply shaped, as they only need to stand
out from the flat display and do not need to have for example
cubic or complex shapes. For the ability to feel the objects
we suggest system using the electrovibration principle [3].It
uses an electrode sheet with an insulator layer on a glass
plate. It uses electrically induced force to create friction
when moving over with the finger. These feeling of friction
can be controlled by changing the amplitude and frequency
of the signal. This friction can be used to find the objects
when not looking down and selecting the data or pulling
over the navigational route.

3.5.3

Data collection

On top of the usual array of sensors the ships and its
instruments provide combined with the AIS system we need
the option to detect objects in the field of view. For this we

Figure 5: The data on the panel can be felt without looking down from the screen. Every interactive object
has its representation. The white navigation plane can be moved, by dragging i to the left or right and the in
this example red marked information boxes can be clicked. Depending on the panel used the screen can be
mirrored from the camera image from outside or not having a screen if a simple touch panel without interface
is used.

Figure 6: An image for every eye is projected into the field of view of the user, to perceive the image as far
away inside the outside reality (Nakamura et al. 2004). Even if the system does not always provide the items
range to the full accuracy, this effect can be overlooked, since especially on high sea objects that are seen are
not physically close to each other.

data and four about the ais data which was projected. We
asked if there were critical moments, where actions needed
to be taken. On top of these the user was asked about his
satisfaction of the function and satisfaction of the augmented
reality system [17]. On a likert scale from one two five, very
satisfied to very dissatisfied, the participant had to evaluate
the satisfaction with the ownship, traffic ship and route plan
as well as the clarity, efficiency, legibility and effectiveness
of the system and commentaries to the system.
We needed to test between subjects because of the learning
effect of the scenario projected. Due to the short amount
of time, which was needed to watch the video and fill out
the questionnaire twice, we used a crossover design, to get
additional data.

Figure 7: For this system an outside mirror and
projector are used to directly project the light to the
users eye position (Sato et al. 2006), thus creating
brighter images. These images are easier to see in
bright daylight than conventional head up displays.

want to use those existing data stream and combine it with
a camera system for object detection. The object detection
can be able to classify different objects [6] and then match it
to the closest fitting object of the sensor system. This way it
should be possible to project the ship information or similar
above the actual object without overlapping information.
Also through the radar detected objects under the water
should be displayed, if they are close enough to the surface
to pose a threat for the ship. This way we could also limit
the capacity needed for the classification process if we aim
only for the regions, in which we expect something to be
through the data. This approach would be similarly to the
detection algorithm of the infinite horizon [16].

4.

PROTOTYPE

For our constructed interface we first tried to apply it
to an image of a bridge view to fit all objects we want to
use. Afterwards we decided to use a video prototype. We
used a video of a ship leaving the port of Melbourne [36] for
this. We used this video because of the constant front view
and the ability to show different aspects of our system in a
relatively short time to the potential user. We adapted our
interface to this video, by watching the video and adding
plausible data, which is displayed. We created a video with
and without the dynamic aspects of our interface, as for
example in figure 3 the red marked data was only projected
in one video. The prototype we use does not provide the
option for inputs and therefore can only be used for the
interface testing and not the interaction.
Using the video we conducted a field study to evaluate the
user’s situation awareness [5]. This was done by asking the
participant questions after the video, since the time of the
video is short and we decided not to ask online questions
or freeze frame questions. Beforehand the user was told to
just observe the situation and stay on watch and a short
explanation of the scenario. After each video was watched
the user was asked about which tasks were carried out and
how they influenced the ship during its harbour exit. We
asked eight questions. Four about information of the ship

5.

RESULTS

We conducted an initial study to evaluate our set-up and
get an initial guess of the performance of the proposed system. Our study group consisted of two people with experience in navigating a ship. The participants had experience
using systems without any augmented technology. The participants remarked, that in the scenario observed there was
no reason to interact as the officer on the watch, because no
critical situations are displayed. For the satisfaction with
the interface the they valued the ownship information with a
score of 4.0, the traffic ship info with 3.5, and the route plan
with 3.5. They rated the clarity 4.5, efficiency 4.0, legibility
3.5 and effectiveness with 1.5. In our evaluation of the situation awareness for the system with dynamic information
the answers were correct in 6 out of 8 times in difference to
the setup without dynamic data which were answered correctly in 5 out of 8 times. For their own usage of the system
they remarked the will to use it given an error free functionality. They also commented, that the information about
small ships and sailing boats was not really useful, by just
showing the name, and the information should be extended
or removed.

6.

DISCUSSION

The biggest problem of the participants showed to be the
inability to interact with the system, and that there was no
necessity to do so, which led to a bad rating of the systems
effectiveness. They provided feedback about the interface of
the system and supported our aim to a clear and efficient
interface, which brings together all information sources the
ship and navigation aids can provide. The likeness of the interface was similar to the results of Jeayong et al. [17], which
was positive. In our case this also might be due to the fact,
that the participants are used to navigate smaller high sea
boats with simple equipment and were positively surprised
by the idea of having one system only to work with and in the
same time beeing able to observe the outside. The results
of the situation awareness test have shown to be supported
by the dynamic display in this test group but the amount
of data is not enough as a proof for significance [15]. The
effectiveness of the system was doubted by the participants,
even if they liked the purposed system, but just believed it
would not work optimally under real conditions. The criticism about the legibility can also be explained by the video
which was used, in which the data was sometimes too hard
to read due to low brightness and small letters. These are
changes, that can be applied easily for future tests.

7.

CONCLUSION AND FURTHER WORK

We created a system to combine all information sources
on a ship into one augmented reality interface, which is projected on to the bridge window. We created an augmented
interaction method, by giving the user the possibility to directly interact with the augmented reality and their changes
their being applied to the ships controls. We conducted a
small field study to evaluate our system proposal, which results were positive but many suggestions on how to change
the system for a better functionality were given.
For the system to work we need a high amount computing
capacity due to the data fusion between the camera system,
the ship’s instruments and navigation data. It needs to be
evaluated if the whole system is possible given the various
conditions on sea to work smoothly. The system has to deal
with connection losses to the different systems and bad sight
conditions for the camera. For this the system must be robust without the possibility of failure. For further and more
informative studies a virtual reality setup using a training
simulator should be conducted. In these setups the information projected are more accurate to the video usage and
different interaction methods can also be tested. In these
specialised scenarios it would also be possible to observe
critical scenarios in which actions by the participant are required to prevent collisions or grounding.
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