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Figure 1: An abstract illustration of the entire Robotic Crane Handling System (RCHS). It
depicts in the top left the shore control centre, housing several operators who supervise
several robotic cranes and their operations with the help of a support system. A robotic
crane consists of the Crane and the 3D World Interpreter (3DWI). These consist of the
control software and crane hardware respectively, along with the sensor suite and the
detection @lgOIENMS. ....coi e e e e e et e e bee e e e aae e e e nres 14
Figure 2: The generalized phases a vessel goes through when loading and offloading
containers at a port. In each phase, a distinct set of tasks need to be performed to ensure a
safe and effective operation. These are in the present way of working done by human
experts. With the proposed Robotic Crane Handling System (RCHS) these ‘experts’ can
become sensors, path planning software, crane control software, detection algorithms, but
also a remote operator supervising the operation. .........ccccceee e, 18
Figure 3: Illustration of IDDFS algorithm. It shows how three operations are allocated to
three operators. At each consecutive row another operation is assigned based on the

F= Ry P Y0 0 1= L0 1] PPNt 37
Figure 4: Workload per operator over time for the simple scenario. Every increase (initially
30%, then 60%) signifies one allocated operation. In this specific case all operations are
evenly distributed over operators and time. ... 39
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Figure 12: Workload for complex example. Left: Workload before the operations are
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consequences and actions. It forms a feedforward network how socio-technical system
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case a camera malfunction is detected that requires the operator’s immediate attention and
action. It has a direct link to the third interface level, that of the situational view................ 60
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Figure 21: The regular Immersive View showing one of the perspectives the operator can
take. It also shows the radial menu for selecting other perspectives. The shaded area in the
distant distance, visualizes the RCHS’ sensor range (blue-grey) and objects such as the
containers with a low detection probability are visualized more opaque. Finally, the detected
container IDs are projected on each side. The world is abstracted on purpose, to prevent the
operator from believing that everything is shown, while instead on that what the sensors
detected is actually VISUGIIZEA. .........ccvviii it 64
Figure 22: The Immersive View in the case of a risk or calamity. In this case a person was
detected that is too close to the operational area and still moving towards it still. The
operator is drawn to this risk by an arrow showing the direction of the person. In these
cases, the 10SS allows for an immediate switch to the most relevant perspective given the
FISK/CAlAMILY. cuveeetie ettt ettt e et e e et e e e e tee e e abeeeeteeeeabeeeteeenateesbeeensreenns 65
Figure 23: The Immersive View allows an operator to directly take action when a risk occurs.
In this case a person is detected moving too close to the operation and the action advised by
the I0SS is to contact the terminal operator. The operator accepted this course of action,
and this shows the proposed message on behalf of the operator. ........ccccoevevccieeieciieeeennee, 65
Figure 24: The Immersive View allows operators to request and view the actual sensor feeds
used to create this virtual reality. Due to the limited bandwidth only one or two feeds can be
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abstracted due to the simulation we use, however in reality this would contain an actual
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Figure 25: An illustration of the expected network architecture between the 0SS and each
vessel. The 10SS is expected to house servers to host the various operator stations as well as
to connect to the other system components in various ways. In addition it runs a persistent
and centralized database and a graphical processor for the virtual reality functionality. The
vessel is connected to the 10SS through a simple REST APl who sends location data, its
voyage plan and the container loading and offloading sequence. The crane control server is
connected through a push/pull mechanism (i.e., sockets) and pushes the results of any
checks. It also pulls data on when to initiate what phase in an operation from the I10SS. The
3D World Interpreter (3DWI) server is connected in a similar way but transmits high level
detections (i.e., class, position, pose) and any raw sensor streams (i.e., camera feeds) on
LU, c it a e e e e e e e e e 67
Figure 26: An illustration of the expected network architecture between the 10SS and each
vessel with a voyage and container optimizer. It is largely the same as without the optimizer,
but here this system is responsible for sharing loading and offloading sequences as well as
voyage information. It thus removes this responsibility from the crane control server and/or
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Figure 27: The conceptual data flow between the I0SS (blue) and a vessel (green), where the
vessel includes the Crane and the 3D World Interpreter components of the Robotic Crane
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The work described in this report is directed towards developing and demonstrating a
Robotic Container Handling System (RCHS) that, when mounted upon a hybrid electric
feeder vessel, will stimulate and support the use of short sea container services for
small ports that have no or limited terminal infrastructure. This innovation fits the
MOSES-project aim to significantly enhance the Short Sea Shipping (SSS) component
of the European container supply chain by implementing a constellation of
innovations including innovative vessels and the optimization of logistics operations.

In most port terminals, moored container ships are loaded and unloaded with shore
cranes. In that case it is a crane operator who controls the crane, who knows which
container to move, who estimates the distance between the spreader and the
container, who reduces speed if necessary, etc. The safety of the operation is ensured
by a direct line of sight to the operation, relatively high degree of supervision by others
and the creation of a safe and closed operational area. The RCHS research challenge
is to bridge the large gap between the current manned way of working and the
envisioned operational concept where the RCHS can perform all these tasks
unmanned and on its own, i.e. autonomously.

The RCHS consists of a crane, software that drives it, a sensor suite that provides
information about the operational area (e.g. the location of a container) to the crane,
software enabling autonomous operation, and a shore control centre from which
operators remotely monitor and supervise the crane’s operation. The innovation
described in this report aims to develop an Intelligent Operator Support System (10SS).
This system aims to allow multiple operators to supervise multiple autonomous
operations by exception to ensure their effectiveness and safety. This many-to-many
concept assumes a stage in human-automation collaboration design where
supervision of maritime autonomous surface ships is not permanently required
anymore. For instance, in this operational context operators may need to intervene
only in situations that are beyond container handling itself, e.g. to deal with a missing
container, or people or vehicles that are in the way.

One of the challenges we addressed in this context is to balance the task assignments
and support functions over the operators to ensure the cognitive task load matches
the operator’s mental capacity. Also, human attention is limited and operators
therefore must constantly shift attention resulting in moment-to-moment
fluctuations in situation awareness. For this, we developed the concept of continuous
risk assessment to initiate the process of operator situation awareness recovery.
Furthermore, the many-to-many ratio between supervising operators and
autonomous ships implies that operators will not be able to supervise all ships in
parallel. For this reason we applied progressive disclosure technology for the 10SS
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interface design. It entails a three-layer interface that progressively discloses more
information about the operations an operator supervises and enables increasingly
more complex and involved control actions. The interface design provides an overview
of the entire fleet, a localized overview of the status of a single ship, and a situational
view providing an entirely immersive view using virtual reality on a single situational
perspective of a ship.

For the latter, the immersive view, we build a digital twin as a virtual reality
environment in which the operator can freely explore the sensor data the ship
acquires. Given the fact that a virtual reality application in this context is new we
additionally conducted an online experiment to determine what level of information
richness is required for a remote operator to be able to understand the situation and
to intervene in a container (off)loading operation. The main conclusion of the
experiment supports the use of a digital twin in this context.

Based on an internal demonstration of the Intelligent Operator Support System
architecture, we can conclude that we have succeeded in developing an operator
support environment which is fully functional for shore control centres. It can be
applied in centres in which multiple operators need support in guiding multiple
autonomous processes, in ensuring safety within the local operational area, and to
intervene if the situation calls for it. With this innovation, we have taken an important
step towards a support concept that can be used generically for the supervisory
control of other types of autonomous systems, such as autonomously sailing ships.

In order to the RCHS to function as a system-of-systems it is necessary that the
components can exchange data. For this purpose, the 0SS is provided with a backend
architecture that enables information exchange with other system software
components. The integration of the subsystems will be realized in the pilot
demonstration phase of the MOSES-project (WP7, task 4).
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