A Multi-Sensor System for Enhancing Situational Awareness in Offshore Training*
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Abstract—Real offshore operational scenarios are particularly
risky. Training programmes involving specifically designed sim-
ulators constitute a promising approach for improving human
reliability and safety in real applications. One of the world’s
most advanced providers of simulators for such demanding
offshore operations is the Offshore Simulator Centre AS (OSC).
However, even though the OSC provides powerful simulation
tools, techniques for visualising operational procedures that can
be used to further improve situational awareness (SA), are still
lacking.

In this work, an integrated multi-sensor fusion system is
integrated with the OSC. The proposed system is designed
to improve planning, execution and assessment of demanding
maritime operations by adopting newly-designed risk-evaluation
tools. Different information from the simulator scene and from
the real world can be collected, such as audio, video, bio-metric
data from eye-trackers, other sensor data and annotations. This
integration is the base for research on novel SA assessment
methodologies.

A training methodology based on the concept of briefing/de-
briefing is adopted. By using this methodology, the efficiency
of the proposed system is validated in a conceptual case study
that considers the training procedure performed by Statoil and
partners for the world’s first sub-sea gas compression plant, in
Aasgard, Norway.

Index Terms—Maritime Operations, Situational Awareness,
Safety, Training, Offshore Simulator.

I. INTRODUCTION

The operation of an offshore installation is associated with
a high level of uncertainty and risk. Under such circum-
stances, situational awareness (SA) for the operators plays a
crucial role in effective risk reduction [1]. There is an urgent
need to develop faster methods and tools that enhance SA on
board a vessel so that accidents can be avoided. Developing
and testing such methods in a real set-up environment is very
difficult because of the challenging operational workspace
of maritime installations. Due to the demanding operational
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Fig. 1: The proposed multi-sensor fusion system for planning,
executing and assessing demanding maritime operations.

scenario in real applications, a promising approach consists
of using training programmes within specifically designed
simulator environments. Training programmes have been suc-
cesfully adopted to reduce risk and to improve efficiency of
maritime operations. Training personnel in simulators makes
it possible to improve the overall understanding of different
operations to be performed [2], [3].

In this perspective, the Offshore Simulator Centre AS
(OSC) [4] is one of the the world’s most advanced provider of
simulators for demanding offshore operations. However, even
though the OSC provides very powerful simulation tools,
effective techniques to visualise and analyse operational pro-
cedures that can be used to further improve SA are still lack-
ing, though. This lack is especially noticeable when unique
operations have to be performed. For instance, this is the case
of one of the most technologically demanding projects that
was recently developed in Norway by Statoil. This project
concerned the deployment of the world’s first subsea gas
compression facility at Aasgard, in the Norwegian Sea [5]. To
cope with the uniqueness of this challenging operation, the
full subsea installation and the entire procedural training was
simulated in the world’s first integrated Subsea Simulator,
developed by the OSC. This experience highlighted the need
for developing instrumentation and methods for improving
SA as an integrated component of simulation training.

In this work, a multi-layer and multi-sensor fusion system
is integrated with the OSC simulator for planning, executing
and assessing demanding maritime operations and procedures
by adopting newly designed risk-evaluation tools that take
human factors into consideration and focus on SA. The
underlying idea is shown in Fig. 1. The proposed integrated



system allows for collecting different information from the
simulator scene, such as audio, video, bio-metric data from
various sensors and annotations. Annotations can be added
during the training phase by different observers such as
researchers, supervisors, instructors and other participants. A
specifically designed time-line allows for playing back the
collected historical data and to present them for analysis and
evaluation studies. Different human factors indicator can be
obtained. This integration establishes the base for the research
of novel methodologies for training and for assessing SA.
In this study, a briefing/debriefing model [6] is adopted as
training methodology. Based on this method, the training pro-
cedure that was performed for the Statoil Aasgard subsea gas
compression plant is reviewed and analysed as a conceptual
case study to highlight the potentials of the proposed system.
The information used in this paper concerning the Statoil
Aasgard subsea gas compression is of public domain as it is
available on several newspaper pages, websites [5], [7] and
articles [8].

The paper is organised as follows. A review of the related
research work is given in Sect. II. In Sect. III, the focus is
on the description of the proposed training methodology. The
developed system architecture is then presented. A review of
the unique training procedure for the Statoil Aasgard subsea
gas compression plant is presented in Sect. IV as a conceptual
case study. In Sect. V, conclusions and future works are
outlined.

II. RELATED RESEARCH WORK

To understand SA within maritime applications, several
examples of similarly demanding applications can be consid-
ered as sources of inspiration. For instance, space research
can provide solid directions. The National Aeronautics and
Space Administration (NASA) is a worldwide leading insti-
tution in redesigning novel methodologies as well as tools
for complex distributed systems [9] by keeping human in the
centre of the loop. In programmes established or supported by
NASA and other research institutes [10], human error analy-
sis due to procedures, operations, design or personnel stress
have been addressed by adopting structured approaches.
These methods may be adapted for similar analysis in the
maritime domain.

To monitor human factors during maritime training opera-
tions, it is necessary to transforms the simulators into research
laboratories by instrumenting them with sensors for studying
complex biological and socio-technical relationships. Even
though independent sensor information is conducive to re-
vealing an overview of the considered operation to some ex-
tent, a comprehensive multi-parameter sensing model is more
effective for analysis and evaluation of potential operational
risks. To the best of our knowledge, multi-sensor fusion is
one of the most suitable technologies to use when dealing
with data from disparate sources [11], [12].
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Fig. 2: The adopted training methodology.

The problem of identification of dangerous zones in off-
shore installations by using a sensor-fusion approach was
investigated by our research group in [13]. This approach
is based on a node positioning algorithm that allows for
tracking and identifying the operational movements on board
the vessel. In [14], our research group successively presented
a wearable integrated health-monitoring system that can be
used for maritime applications.

It should be noted that most of the currently available
systems based on sensor-fusion technology have exclusively
been employed to monitor real applications. However, to the
best of our knowledge, no integrated systems for planning,
executing and assessing SA in demanding maritime opera-
tions exist as a built-in part of simulation training facilities.
The main contribution of this paper is to propose such
integrated system.

III. SYSTEM ARCHITECTURE
A. Training methodology

The proposed training methodology is based on previous
literature. In particular, the briefing/debriefing model [6] is
adopted as training methodology. The choice is motivated by
the fact that this team-based, reflexive organisational model
borrowed from the military was proved to be very effective in
several group psychological interventions under acute stressor
situations. When considering offshore training operations, for
instance, this method was successfully applied to improve
safety in maritime crane and lifting operations [15].

The selected training methodology is described in Fig. 2.
Each session comprehends three different phases: briefing,
training and debriefing. These phases are described in the
following. The training and debriefing phases are iterated to
achieve an effective training loop.

Briefing: during this phase, all personnel is thoroughly
briefed on the purpose of an operation prior to participat-
ing in it. Briefings are structured according to the specific
needs of the operation. Borrowing the main concepts from
the “Information, Intention, Method, Administration, Risk
Assessment, Communications, Human rights and other legal
issues” (IIMARCH) model [16], which is adopted for the
briefing of other similar acute stressor situations such as



police operations, the briefing phase may be structured in
the following steps: information, planning, team building and
management, preliminary risk assessment. By the end of
this phase, it is necessary to check whether all the briefing
objectives are achieved.

Once the briefing phase is terminated, the training loop
iteration starts alternating training and debriefing sections.

Training: the training phase is the key stage of the
proposed methodology. During this phase, personnel get a
first-hand experience within a simulated operation scenarios
that is as close to reality as possible. This phase can be
efficiently performed within the training facilities provided
by the OSC simulator. The OSC simulator is designed
for optimal training and education of maritime operation
personnel. Based on advanced simulation and visualization
technology, the simulator can be configured in a number
of ways, regarding hardware setup, display solution, and
software setup (including all the required modules such as
the type of crane, types of vessels/lifting objects and training
scenarios).

The training phase may be structured in the following
steps:

« perform procedure: the planned procedure is executed
in the simulation environment;

« data collection: during the training phase it is essential to
collect data concerning both the real scene as well as the
simulated world. Concerning the simulator real scene,
different information such as audio, video and bio-
metric data from various sensors must be collected. In
addition, possible annotations may be added during the
training phase by different observers such as researchers,
supervisors, instructors and other participants. Concern-
ing the simulator virtual scene, it must be possible to
store important information that may be played back
at a later stage according to the certain time reference
settings. This data collection is of crucial importance
for the purpose of improving operational effectiveness
and safety through the use of simulator facilities. All
the collected data is relevant for the subsequent phase
of debriefing;

o real-time human factor indication: during the training
phase it is also important to provide personnel with
tools that can improve their perception and SA of the
ongoing simulated operational procedure. For instance,
real-time visual indicators highlighting some estimated
stress parameters may certainly improve the training
experience. A real-time human factor indication may be
achieved by interpreting data coming from different bio-
metric sensors. These data may be processed in real-time
by adopting proper methods based on a multi-sensor
fusion concept.

It should be noted that the first of these steps can be easily
achieved by using the tools originally provided by the OSC
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Fig. 3: The proposed system architecture.

since the main objective of such an advanced simulator is
to provide a realistic training environment. However, the
steps concerning data collection and real-time human factor
indication cannot be originally performed since the OSC does
not naturally offer any integrated and flexible method for
these purposes. The integration with the proposed system
makes these steps possible.

Debriefing: the purpose of debriefing is to identify good
practice and areas for improvement, which could include
organisational learning. The debriefing phase is structured
in a way that it is possible to achieve the following steps:
replay events, identify significant events and decisions, risk
assessment. It should be noted that none of these steps can be
originally performed within the training facilities provided by
the OSC simulator. The integration with the proposed system
makes these steps possible.

B. Architecture Technology

The architecture technology is presented in the following.
The reader is referred to Fig. 3. In particular, a client-server
pattern is adopted.

Server

The server is designed to collect data from the following
different sources:

o cameras and microphones: video and audio sources
can be collected from the real scene of the different
simulator stations and streamed to the server;

e bio-metric sensors: different data from various sensors,
such as eye-trackers, ECG sensors or other bio-metric
sensors, can be collected. These data may provide very
valuable information for both the training phase as
well for the debriefing phase. For instance, a Tobii Pro
Glasses 2 eye-tracker [17] was employed in this initial
study to track eye-tracking data of the personnel while
training. Some results are reported in Sect. IV;

« simulator: data from the simulator are collected regard-
ing both the simulated physics and scenes.

On the server side, the collected data are logically organ-
ised according to a multi-layer configuration, as shown in
Fig. 4-a. This particular multi-layer configuration allows for
overlapping different data according to a multiple informa-
tion stack and a modular approach. The stack includes the
simulated scene layer, the real scene layer, the bio-metric



data layer and the annotations layer. By using specifically
designed data read/write methods, the collected data can
simultaneously be streamed from the server to the client in
real-time, for the training phase, and together be stored in a
database on the server side, for the debriefing phase. It should
be noted that some of the presented features for the server
are currently under developing.

Client

The client application is designed to realise the following
features: to visualise in real-time or to playback the collected
data; to allow for adding annotations; to visualise human
factor indicators. These features are intended to be used
during both the training phase as well as the debriefing
phase. During the former phase data are visualised in real-
time, while during the subsequent phase data are played
back on demand. Each training participant can run the client
application on a tablet device while participating in the
training. An interactive user interface is proposed for the
client, as shown in Fig. 4-b. In particular, different video
sources coming either from the simulated scene or from the
real scene can be simultaneously visualised on the top panel.
Sensor data are overlapped and synchronised on top of the
videos. For instance, a circular marker (superimposed on the
video) is used to indicate the gaze data point collected by an
eye-tracker, as shown in Fig. 4-b. Annotations are visualised
on another overlapping layer on top of the previous ones.
An interactive chat log is provided in the lower panel of the
proposed interface. New annotations can be typed through a
specific text input field and send to the server to be shared
with all the training participants.

Simple and yet effective input buttons representing emoti-
cons are visualised on the right panel of the developed
interface symbolising human factor indicators. According to
an individual estimation of the current training situation, each
participant can click on the corresponding emoticon button.
As a result of a collective estimation given by different
participants, a corresponding emoticon is shown.

A common slider make it possible to control the time-
line and allows for synchronously playing the data and for
displaying annotations in chronological order. By moving
the slider is possible to play data back and forward and to
review particularly significant events of the selected training
procedure. It should be noted that, as at the time of writing,
the entire system implementation is still in a prototype stage
and the complete integration with the OSC simulator is
currently an undergoing process.

IV. CONCEPTUAL CASE STUDY

In this section, a conceptual case study is presented. In par-
ticular, the training procedure that was previously performed
for the Statoil Aasgard subsea gas compression plant [5] is
considered. The information related to the Statoil Aasgard
subsea gas compression is of public domain as it is available

on several newspaper pages, websites [5], [7] and articles [8].
This information is only intended to contextualise the selected
case study. Based on this information, the selected training
procedure is hereafter reviewed and analysed according to
the proposed system.

The considered case is probably one of the most unique
and technologically demanding maritime projects that was
recently developed in Norway. Ranking among the largest
developments on the Norwegian continental shelf, the Statoil
Aasgard field lies on the Halten Bank in the Norwegian
Sea, about 200 kilometers off Norway. The Aasgard subsea
gas compression facility is the world’s first project of its
kind. Using new technology, the compression process enables
the gas to gain sufficient additional pressure for it to be
transported through the pipeline to the platform. This helps
boosting the recovery factor and producing life for gas fields.
The Aasgard subsea gas compression facility is built by using
a modular design approach where different interfaces are
adopted including a spool interface, a scrubber and a com-
pressor. A more detailed description of the Aasgard subsea
gas compression facility is reported in [18]. The deployment
and installations of the facility building modules required a
coordinated team work involving different maritime expertise
and devices. For this purpose, Statoil also involved the
expertise provided by Technip [7] and other partners.

To exploit the uniqueness of this demanding procedure,
the world’s first integrated Subsea Simulator was developed
by the OSC to make it possible the simulation of the
entire procedural training. OSC simulated the full subsea
installation including the following modules: the North Sea
Giant vessel [19]; the crane system that has been modified
to incorporate a so-called special handling system (SHS)
[20]; two remotely operated underwater vehicles (ROVs); one
observation-class ROV and the instructors station.

In this conceptual case study, some steps of the considered
training procedure have been repeated to collect some mean-
ingful data. In particular, eye-trackers were used to collect
eye-tracking data from personnel while training. In particular,
a Tobii Pro Glasses 2 eye-tracker [17] was employed for this
purpose. The Tobii Pro Glasses 2 eye-tracker is a wearable
eye-tracker with wireless live view function for insights in
any real-world environment.

Concerning the training phase, the data collected from the
Tobii Pro Glasses 2 eye-tracker can be directly streamed to
the client and then to the server. This functionality can be
achieved by using the Tobii Pro software development kit
(SDK) APIs. On the client user interface, these data can
be visualised according to the adopted multiple information
stack protocol, as shown in Fig. 4-b. It should be mentioned
that this feature is still under developing. The information
carried by these data are significantly relevant for estimating
the level of attention of a trainee wearing the eye-tracker
while performing demanding procedures.
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Fig. 4: (a) The proposed concept for the multi-layer and multi-sensor fusion system. (b) The proposed interactive user interface

for the client.

For instance, lifting or lowering loads through the splash
zone is a very challenging procedure to be accomplished
for a crane operator. To successfully perform this procedure,
several elements need to be taken into account such as
slamming forces, added mass and drag of the lifted object,
which can increase the forces transferred to the crane and the
object by many times the weight of the object. In addition,
snap loads caused by wave or boom-tip motion may be very
large. Considering this sub-routine of the deployed procedure,
different post-analysis results can be obtained. For instance,
a heat map can be produced as shown in Fig. 5-a. A heat map
is a gaze data visualization on top of a snapshot image that
uses colors to represent how much the participants gazed on
(attended to) different areas of an object or an environment. In
this case, the crane operator gazed more on the crane control
interface and on the module to be deployed. For the same sub-
routine, a gaze plot can also be obtained as shown in Fig. 5-
b. A gaze plot is another interesting mapping that shows the

sequence and position of fixations (dots) of the operator. Gaze
plots can be used to illustrate the gaze pattern of a single
test participant throughout the entire eye-tracking session.
The numbers and the connecting lines shown in Fig. 5-b are
used to highlight the time sequence concerning this particular
case. Concerning the considered case study, a demo video is
available on-line at: https://youtu.be/F705LwIGTIw.

V. CONCLUSION AND FUTURE WORK

A system for improving SA in demanding maritime train-
ing was proposed based on a multi-layer and multi-sensor
fusion design approach. An innovative training methodology
was also discussed based on the concept of briefing/debrief-
ing and on an interactive and effective training loop. The
developed system is integrated with the Subsea Simulator
developed by the OSC [4]. Different information from the
simulator scene and from the real world can be collected,
such as audio, video, bio-metric data from eye-trackers and
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Fig. 5: (a) A heat map and (b) a gaze plot of the sub-routine
used for the deployment of a module through the splash zone.

other sensor data. This integration represents the base for
research on novel SA assessment methodologies.

To highlight the potentials of the proposed system, a
conceptual case study was also presented. In particular, the
training procedure performed for the world’s first sub-sea gas
compression plant, in Aasgard, Norway, was analysed and
reviewed. For this conceptual case study, eye-trackers were
used to collect eye-tracking data from personnel while train-
ing and repeating some steps of the considered procedure.
Related results were reported.

As future work, the possibility of using the proposed
system as a tool to develop new training programmes for
unique operational procedures is being considered. Starting
from a preliminary procedural plan, the entire operational
procedure may be developed by using the proposed training
iteration loop and based on the concept of briefing/debriefing.
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