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Abstract. This paper proposes a human-centered approach to Dynamic Positioning systems which combines multiple technologies in an intelligent operator support system (IOSS). IOSS allows the operator to be roaming and do other tasks
in quiet conditions. When conditions become more demanding, the IOSS calls
the operator to return to his bridge position. In particular, attention is paid to human factors issues such as trust misalignment, and context-aware interfaces.
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Introduction

Dynamic positioning (DP) is a computer-controlled system which aims to maintain a
vessel's position and heading using dedicated propellers and thrusters. DP operations
form the basis of Floating Production, Storage and Offloading (FPSO) platforms and
are a typical example of a highly automated control task that still requires human supervision: four operators are working in shifts 24/7 to monitor the system and resolve
malfunctions in the rare case that this cannot be done automatically by the DP system.
Sensor values that exceed threshold values lead to alarms, and serve as the primary
means to trigger operators to solve malfunctions and abnormalities.
Because the DP operator (DPO) is not busy most of the time, relatively high personnel costs are spent on little work, and the operator could suffer from problems like
drowsiness and boredom. A more self-sufficient control system capable of dealing with
an increased range of conditions, would not solve this problem by itself. The DP operator would be even less occupied during his work shift, but would still be required to
solve ‘left over’ incidents.
We believe that alarm-based DP systems cannot be advanced further to solve this
impasse (which is sometimes referred to as the automation paradox [1]). Therefore, we
propose a human-centered approach to DP systems which combines multiple technologies in an intelligent software agent, called IOSS (intelligent operator support system).
IOSS functions as a team-partner of the DPO [2] and allows the operator to be roaming
and do other tasks in quiet conditions. When conditions become more demanding, the
IOSS calls the operator to return to his station position at the bridge. Ultimately, this

could save costs by deploying personnel more efficiently. Furthermore, it creates a
more varied job description for DPO’s than just system monitoring.
We have followed a systematic approach that integrates technological, human factors (HF), and operational perspectives (i.e. situated Cognitive Engineering (sCE) [3])
to develop the first prototype of IOSS. The four steps in the process are depicted below.
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Fig. 1. Steps in the situated Cognitive Engineering methodology

In the first phase, we conducted a task domain analysis, and identified the most important operational, human, and technological drivers. From a technological perspective, we have identified predictive analytics as a crucial technology to enable a roaming
operator. Predictive analytics can be used to predict future situations based on data from
the past using machine learning algorithms. For example, to predict whether conditions
are expected to remain stable, allowing the operator to leave, or to predict when alarms
are likely to appear, requiring the operator to return to stationary position. From a human factors perspective, we identified a number of potential problems, related to trust,
cognitive overload, and other issues well known in the HF literature [4]. For example,
misalignments of operator’s trust in the system could occur, because the performance
of predictive analytics changes over time as more training data is used. These concerns
must be adequately addressed in the design specification. In the second phase, we have
specified the design specification which aims at providing a solution to the problems in
the task domain. We will present these results in terms of user requirements, design
patterns, and claims (which specify the rationale behind a design decision). The design
specification is implemented in software modules in the third phase. We have implemented the most important patterns and user requirements in an early prototype of
IOSS, which enables us to test if they bring about the expected results. To test IOSS
(the fourth phase), we have set up a simulation environment, which allows us to give
feedback on the earlier phases of the design process based on experiences in a semirealistic end user environment.
The paper is structured around the four phases of the methodology. Section 2 describes the task domain analysis of the DP domain, followed by the design specification
of IOSS in Section 3. Section 4 describes the software components and their interaction,
followed by a description of the demonstrator which we used as a way of early testing
IOSS (Section 5). The results of this test and our experiences while developing IOSS
are described in the Section 6 (Conclusion).
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Task Domain Analysis

As described in the introduction, the operational innovation we aim for is to allow an
operator to be roaming and perform other tasks if conditions allow. This section describes relevant human factors and technological considerations when designing a system that allows these type of operations.
2.1

Human Factors

We have identified the following human factors issues to be relevant for IOSS.
Firstly, IOSS should address the issues of maintaining operator’s Situation Awareness (SA). As the human operator is increasingly supported by intelligent technologies,
the role of the human has evolved from direct system operator, to controller of automation, to supervisor of automation. Overall, this has had great positive effects on performance and costs, but research has shown that negative effects may arise due to lack of
situation awareness [5] and out-of-the-loop problems [6]. This prevents operators from
making effective decisions and causes errors [5]. These issues can lead to disastrous
incidents in case automation fails. Particularly for roaming operators, we cannot take
for granted that an operator’s SA is at an appropriate level when (s)he returns to the
task of operating DP after having been away for a while.
Secondly, IOSS must ensure the establishment of an appropriate level of trust, i.e.
avoiding situations of overtrust and undertrust [7]. Overtrust occurs when the operator’s
trust in the system exceeds the system’s capabilities. This situation could result in erroneous behavior as system mistakes are not corrected by the human supervisor. Undertrust occurs when operator trust falls short of the system’s capabilities. This situation
could lead to unnecessary operator workload, which in turn could lead to errors. As
IOSS aims at establishing a higher degree of automation, the range of tasks that are
performed by the system increases, and addressing trust concerns with respect to these
tasks becomes even more important.
Thirdly, IOSS must establish an appropriate level of cognitive task load (CTL),
avoiding both cognitive overload and underload. Cognitive overload occurs when the
human cannot process all information that is provided by the system. An example of
this in DP operations is known as alarm flooding, when the operator cannot timely respond to each alarm anymore [8], leading to suboptimal performance. Cognitive underload occurs, when the operator experiences insufficient workload, leading to drowsiness and inattentive behavior. This is a common problem for operators of highly automated DP systems, especially at night.
Fourthly, IOSS must adapt the interaction to the dynamic context of use, also known
as context aware interaction. This issue becomes particularly relevant when we adopt
the notion of a roaming operator. Because, the question of how often and in which way
notifications should be sent highly depends on what the operator is doing [9].
2.2

Technological Drivers

We have identified a number of technological trends that will play a major role in future
DP operations. Three of these technologies are outlined below.

Firstly, predictive analytics techniques are expected to have a major impact on the
maritime world [10]. One possible application is predictive maintenance where large
quantities of sensor data is collected and used as input for a machine learning algorithm.
Over time, the algorithm should be able to recognize system failures before they occur,
using data of the past. Such a classifier would be useful to our DP application where
potential component failures are important to the operator. Many other applications of
predictive analytics to DP are conceivable, for example, predicting position-loss based
on weather data, or predicting operator’s drowsiness based on physiological data (see
[11] for an example in the automotive domain).
Secondly, Internet of Things [12] can be regarded as having a major impact in the
maritime domain by allowing an unprecedented amount of data to be gathered and
shared on a vessel. Virtually every component of a ship could become an information
processing node in a large network. Applications in the DP domain could be monitoring
the location of an operator, and disclosing vast amounts of additional information
sources to the DP system to enable it to function more accurately.
Thirdly, computers are becoming more and more used as personal assistants (e.g.,
Siri1, and google home2), which changes the relation between human and computer
from that of a reactive tool to a more proactive entity (e.g. teammate [13]). As explained
in the remainder of this paper, IOSS should be viewed as a personal assistant.
2.3

Combining Perspectives

The different drivers discussed in the previous sections are summarized in the following
table.
Table 1. Operational, Human Factors, and Technological drivers
Operational
Roaming operator

Human Factors
Maintaining SA
Appropriate level of trust
Appropriate level of CTL
Context aware interaction

Technological
Predictive analytics
Internet of Things (IoT)
Personal assistants

In this early phase of design, it already becomes apparent that the technological drivers of IOSS do not straightforwardly match with human factors drivers. For example,
we could expect operator mistrust in a system that is based on predictive analytics algorithms. This is because the performance of such a system changes over time and is
dependent on the amount of training data it has used. We cannot take for granted that
the operator is capable of making proper judgements of the prediction’s trustworthiness.
Another problem could be information overload of the operator, caused by the massive
amount of data made available by the IoT. Also, the use of mobile devices could lead
to smaller graphical interfaces that convey fewer information than the stationary displays, having a direct effect on situation awareness.
A solution to these problems is proposed in the next Section.
1
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http://www.apple.com/ios/siri/
https://madeby.google.com/home/
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Design Specification

Following the sCE methodology, the design specification is described from multiple
perspectives. From a functional perspective, the Human-machine team functions are
specified in terms of high level user requirements. From an interaction design perspective, different parts of the design solutions of IOSS are described in terms of design
patterns. From an ontological perspective, the most important concepts and relations
are defined that are used in the knowledge representation of IOSS [14].
3.1

Functional Perspective

Following the sCE methodology [15], the functional design is specified using use cases
(that specify relevant environmental context, i.e. situatedness), core functions (specifying the main functionality of IOSS), and claims (specifying the reason why the function
is required, i.e. design rationale).
An excerpt from envisioned core functions for IOSS is shown in Fig. 2 :
Adaptive Automation
IOSS should be adaptable w.r.t. task division and communication style
IOSS should adapt its communication style according to user state
IOSS should prevent cognitive overload of its user
IOSS should behave according to a mixed initiative interaction style
User interface
IOSS should support mobile and stationary UI’s
Situational Awareness
IOSS should support prediction of future situations
IOSS should support change detection
IOSS should support procedure awareness
Trust calibration
IOSS should be able to explain itself
IOSS should have a recognizable appearance
Agent architecture
IOSS should be capable of acting in an open system
IOSS should be capable of integrating information from multiple sources

Fig. 2. Excerpt of core functions of IOSS

The core functions are divided in five parts, each of which will be briefly discussed
below. The requirements for adaptive automation aim to ensure a balanced workload
which is tailored to the current situation of the user. This impacts the density of information that is communicated between user and IOSS, and finding a proper balance is
regarded to be a responsibility of both, i.e. mixed initiative interaction. This means that
the user is capable of instructing the computer when and how it wishes to be notified
about which information by making working agreements [16]. The system also adapts
its communication style to match the user’s state (e.g., being brief when the operator is
busy, and being more elaborate when the operator is not that busy). The user interface
requirements state that both mobile and stationary user interfaces are needed to allow
the concept of a roaming operator. The Situation Awareness requirements are intended

to provide the operator with a sufficient level of SA [4]. At their most fine grained level
(not shown in Fig. 2), these requirements specify exactly which information must be
communicated in which types of situations. However, as stated above, these are adaptable to the user’s preferences using working agreements. The requirements regarding
trust calibration aim to prevent distrust by ensuring that the agent is capable of explaining the outcomes of the predictive analytics algorithms (i.e., explainable AI [18]). Because IOSS is used complementary to the DP-system (and its alarm system), a different
trust relation should be built up with the DP system (which produces alarms that legally
require a response [17]), and IOSS which learns over time and could mistakenly produce wrong predictions. To make it clear to the operator if he is interacting with IOSS
or with the DP system, the IOSS must have a recognizable appearance. The last set of
requirements deals with architectural issues, such as openness of the system, and access
to digital information sources.
3.2

Interaction Design Perspective

Whereas the functional specification describes what IOSS should be capable of, the
interaction design patterns specify how this must be established [19]. For IOSS, we
have specified multiple design patterns. For example, one design pattern describes a
notification (called a smart notification) in which interactive dialogues can take place
to achieve explainability. Unlike an alarm, which contains a brief text statement about
a problem, a smart notification presents the message in layers that can be exposed using
a dialogue. Another design pattern describes how a user can deal with multiple smart
notifications, set irrelevant notifications to inactive, and relevant notification to monitor
mode. A detailed discussion of design patterns for human agent teams is beyond the
scope of this paper. For more information about the specification and implementation
of these design patterns, the reader is referred to [19]. In the following sections, the
implementation in the software prototype is discussed in more detail.
3.3

Ontological Perspective

To realize the adaptable interaction between IOSS and the DPO, ontologies are required
that specify the shared concepts that enable communication. IOSS utilizes several ontologies at different levels.
The most basic ontology behind IOSS can be seen in Fig. 3. This ontology defines
several basic concepts, such as what an agent and action are and how these relate to
each other. In addition, this ontology specifies the concept of a policy decision. A policy
is an implementation of a working agreement in the form of “if <condition> then <create PolicyDecision>”. A PolicyDecision can be about prohibiting or obligating a certain Action for a certain Actor (e.g., that IOSS must initiate a dialogue with the DPO to
communicate a certain piece of information.

Fig. 3. One of the basic ontologies behind IOSS

Besides the basic ontology discussed above (which is very generic and abstract),
domain specific ontologies are used to represent the knowledge required to create adequate working agreements. This removes the need for a large generic ontology of everything that is often difficult to comprehend. An example of a domain specific ontology
is an ontology that defines the incoming sensor-data of the ship. With this, the user can
create working agreements with IOSS that trigger on sensor values. Another ontology
used by IOSS is the ontology of interactions (or smart notifications) that is used to
describe the different ways in which the DPO can be informed.
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Software implementation

To implement the system described above, we have chosen to abandon the paradigm of
alarm-based control systems for DP, in favor of the agent based paradigm [20]. An agent
functions as a standalone component which monitors the user and provides assistance
based on the current context. Instead of sending only factual information to its user, the
agent has the capability of participating in a meaningful dialogue, express judgements,
provide advice, or discuss remarkable situations. The agent may even be mistaken at
times, just like humans. This is why it is important that the operator is allowed to develop accurate levels of trust in the agent. To facilitate this, the agent has a recognizable
appearance, a so-called avatar.
For the IOSS, we designed an agent-based system architecture that allows multiple
technologies to be combined. As shown in Figure 4, we distinguish between three components within the social-technical system: the DP operator, the agent (IOSS) that supports the user, and the shared environment that contains digital information that can be
accessed by both the operator and the agent.

Fig. 4. Architectural overview of the human agent team.

The DP system remains unchanged and becomes part of the shared environment. In
this way, all legacy systems are kept intact and IOSS is built on top as a layer of additional functionality. Other parts of the environment are the IoT (e.g., containing location
tracking sensors) and a policy engine. As argued by Bunch et al. [21] , a policy engine
can be used to specify notification rules that allow users to adapt when and how the
user is notified. We follow a similar approach and specify policies in the Drools expert
system language3. An example of a policy in our case is:
If wind speed is greater than 6 bft and the operator is
roaming then IOSS must suggest to the operator to come
back to stationary position
An important feature of our policy engine is that these rules are understandable for
non-programming experts, which allows them to adapt these rules to their liking.
4.1

Demonstrator

With the monitoring ability of IOSS, mobile devices, proximity sensors, and notifying
devices we demonstrated that the concept of a roaming operator is feasible 4.
The agent, called IOSS, is the smart component that combines machine learning,
IoT, and intelligent interfaces (as discussed in the previous section). We are currently
developing the machine learning components with which it is possible to predict alarms
in an early stage. That is to say, to learn to detect events, circumstances and weak signals which in the past have led to problems. With early detection on the basis of weak
3https://www.drools.org/
4Human

Enhancement by Maritime Adaptive Automation, TNO, https://youtu.be/MH0Vj-rChrM

signals and data analytics, we hope to achieve that the window in which a problem is
detected and solved can be enlarged and that the attention of the operator is aroused and
is ‘drawn’ into the loop.

Fig. 5. Screenshot of IOSS

The IoT technology is used to locate the position of the operator on board of the
vessel. For example, to determine whether the operator is sitting in front of the DP
workstation or is roaming. If the DPO is roaming, what is the distance to the workstation, and what is the estimated ‘return time’ of the operator? This is important input
for the intelligent interface which must decide if the interaction should take place on
the operators’ mobile device (a tablet or smartwatch), or on the stationary interface.
Figure 5 depicts a screenshot of the interface where the agent (shown by the avatar in
the lower left corner) engages in dialogue with its user.
The next figure (Figure 6) shows the use of IOSS in the stationary condition (the
left screen), where the operator uses IOSS in combination with traditional DP interfaces
(the two large screens on the right).

Fig. 6. IOSS in stationary condition

In stable conditions, the operator can be roaming and do other things. A photo of the
roaming condition is provided below (Figure 7).

Fig. 7. Using IOSS in mobile condition

In the roaming condition, IOSS can advise the operator to return to stationary position, i.e. the bridge. If the operator is not looking at his screen (because he is busy doing
other things), IOSS will notify the operator using a tactile signal on the smartwatch.
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Conclusion

This paper proposes an intelligent operator support system (IOSS) for dynamic positioning systems. The IOSS functions at a high level of autonomy allowing the operator
to be roaming in stable conditions. IOSS is aware of its limitations, and calls back the
operator to stationary position in more demanding conditions. We have developed a
first design specification and prototype and dealt with a number of (conflicting) operational, technological, and human factors demands. When designing a highly autonomous system such as IOSS, the classical risk of automation paradox (i.e. that the system’s disadvantages overshadow its advantages) is very relevant. This paper proposes
an agent-based approach that not only considers the problem-solving technology itself
(e.g. predictive analytics), but also considers the technology that is required to team up
with humans to avoid the automation paradox (e.g. personal assistants technology such
as smart notifications, working agreements; IoT technology such as location tracking,
multiple mobile devices). This paper demonstrates the possibility to combine these components in a meaningful way as a start to develop an IOSS that acts as a true teammate
of DPO’s.
Because the design of these different components is highly interdependent, much
work remains to be done to evaluate and refine the working of IOSS. We are currently
performing tests in a controlled end user environment allowing us to refine the system.
Ultimately, these tests should prove that DP operations can be performed as safe with
a roaming operator and IOSS as they can using a stationary operator.
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