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Abstract 

Dynamic Positioning systems are comprised of sensors, a control system and thrusters which allow a vessel 

to hold position or move in a controlled fashion. They follow a set of rules that govern how they work and 

how sub-systems and operators interact.  
 

Autonomous vessels also have sensors, a control system and a set of thrusters. We will look at which of the 

DP rules we have continued to follow in the design of autonomous or semi-autonomous solutions and which 
we have broken and why. 

Abbreviation / Definition  

AL – Autonomous Level 
DP – Dynamic Positioning 

DPO – Dynamic Positioning Officer 

DGPS – Differential Global Positioning System 
GNNS – Global Navigation Satellite System 

PRS – Position Reference Sensor 

 

Reflector – A CyScan GeoLock passive target (could be a prism, cylinder or flat reflective target) 
Constellation – A collection of Reflectors installed for CyScan GeoLock 

Introduction 

A typical DP system will utilise DGPS together with one or more relative Position Reference Sensors 

(PRS), such as CyScan and RadaScan. The relative PRS may require either passive targets (e.g. CyScan 

prisms) or active targets (RadaScan responders) installed on the structure where the vessel is operating 

alongside to report a position relative to. To start providing a position reference point, the PRS requires a 
DPO to manually validate the targets the sensor is detecting based on their knowledge of where the targets 

are installed on the structure.  The DPO then initiates tracking of the targets. This check confirms that the 

detections made by the PRS correspond to the genuine targets rather than other objects in the scene. 

Next generation Position Reference Sensors do not require targets installed on the structure as they use the 

structure itself as the target, but still require a DPO to initiate tracking.  Furthermore, the DPO decides 

which part of the structure will be used as the reference point for the position references supplied by the 

sensor. 

In both cases a prolonged loss of target (> 10 seconds) tracking requires the DPO to intervene to correct the 

condition causing the tracking loss and then restart the sensor tracking. 

In a scenario where tracking has been lost from a sensor, it is feasible to take the position reference 
information from a second sensor and feed it to the first.   This could enable the first sensor to automatically 

recover from its lost track state (because it would be able to determine how the vessel has moved in the 

time since it lost track).  However, doing so would break the rule of sensor independence on a DP system 

(Ref 2). 

If there is a requirement for relative PRS to become automatically active only when near a structure, the 

sensor will require an external event to trigger the sensor activation to start operation. Furthermore, an 

autonomous vessel will not have a DPO to perform the tasks described above and so the sensor must be 

able to autonomously and reliably initiate tracking, including target validation. 
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Autonomous Applications 
 
We have developed a new sensor feature called “CyScan GeoLock” that can be used as part of an 
autonomous vessel’s propulsion control system. CyScan GeoLock has been installed on the Folgefonn 

Ferry in Norway and provides a position reference input to the vessel’s auto docking system. The operator 

selects one of a set of ferry terminals and the auto docking system automatically sails the vessel to that 

terminal. When given the go ahead, the system autonomously departs the current ferry terminal, transits to 
the new terminal and docks at that terminal. 

 

This system is categorised as an AL4 vessel (see below) as it requires both supervision (for collision 
avoidance) and human interaction to initiate the transit to the next ferry terminal. Beyond these intervention 

scenarios the vessel propulsion control is completely autonomous. 

 

Lloyds Autonomy Level Classifications (Ref 1): 

AL1 and AL2 Ships:  

For ships classified under this, all decision and actions would be taken by a human operator. 

 
AL3 ships:  

Humans would be present. Autonomous operation requires operator permission prior to actioning. 

Operator override is available at any time. 

 
AL4 ships:  

Humans would be present. Autonomous operation doesn’t require operator permission prior to actioning. 

Operator override is available at any time. 

 

AL5 Ships:  

Humans would be present. Ships would be fully autonomous, with decisions actioned with no human 
supervision and rarely requiring any supervision.  

 

AL6 Ships:  

No humans would be present. Ships would be fully autonomous, with decisions actioned with no human 
supervision.   

 

It should be noted that there is not a traditional DPO present on an autonomous vessel.  Any sensor or 
system contributing to the autonomous operation of the vessel must be able to automatically decide when 

it is required to operate and then validate its own measurements prior to accepting them into its sensory 

function. 

Introduction to CyScan GeoLock 

CyScan GeoLock sensor provides a GNSS position reference derived from measurements of range and 

bearing to a set of geographically referenced reflectors (prism reflectors) strategically placed around the 
operational area. This could be at a port, ferry terminal, oil rig or anywhere else that precise vessel 

manoeuvres are required. The position reference provided by the CyScan GeoLock sensor cannot be subject 

to the spoofing/interference/loss of signal sometimes suffered by satellite-based position reference systems 

because the CyScan GeoLock sensor uses a laser rather than satellites. This provides redundancy against 
this GNSS failure mode. The system has already been utilised in the Folgefonn auto docking project as an 

additional/alternative PRS to DGPS. 
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Basis of Operation 
 

For CyScan GeoLock to provide a GNSS position reference the passive targets used by the system need to 

be surveyed and assigned GNSS coordinates. The locations of all targets are then inputted to the CyScan 

GeoLock sensor (once, as a configuration file).  A minimum of 3 targets per port/ferry terminal are required 
for the sensor to unambiguously determine its position. When near a port/ferry terminal the CyScan 

GeoLock sensor automatically starts tracking.  It compares the geometric pattern produced by its range and 

bearing measurements of detected reflectors, with the corresponding geometric pattern of the surveyed 
reflectors in the configuration file. Consequently, any reflector in the environment that doesn’t match the 

surveyed pattern of reflectors is rejected and will not be used by the CyScan GeoLock sensor. Once a match 

is found, the reflectors are accepted into the CyScan GeoLock sensor’s tracking solution and the sensor 
starts to produce a position reference.  

 

Figures 1, 2 and 3 show some examples of how the algorithm deals with different scenarios: 

 
Key: 

 Surveyed Reflector Position 

 Reflection Position 
 Matched Reflection and Reflector Produced a Position Reference 

  Sensor Position 

 

Incomplete Match Example 

 
Figure 1. 

 

Figure 1 shows the CyScan GeoLock sensor has received 5 reflections and attempted to match their pattern 
against the pattern of the 4 surveyed reflectors. 3 of the reflections match the pattern of 3 of the reflectors 

whilst the other 2 reflections are considered spurious and are not used. The 4th reflector is not 

observed/matched but 3 matches are sufficient, in this instance, to provide an unambiguous position 
reference. 
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Ambiguous Position Example 
 

 
Figure 2. 

 
Figure 2 shows that the CyScan GeoLock sensor has received 4 reflections and attempted to match their 

pattern against the same pattern of the 4 surveyed reflectors. On this occasion only 2 of the reflections 

match the pattern of the reflectors. As only 2 matches are achieved, the solution is considered ambiguous 

(as the solution could be rotated by 180 degrees) and no position reference is produced. It should be noted 
that it is possible for solutions with 3 or more reflections to be ambiguous (depending on the constellation 

geometry) but the algorithms take this into account to ensure we won’t start tracking until we are confident 

that the solution is unique. 
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Complete Match Example 
 

 
Figure 3. 

 
Figure 3 shows that the CyScan GeoLock sensor has received 5 reflections and has managed to find a 

reflection match for all the surveyed reflectors leading to a valid position reference being produced. The 5th 

reflection is spurious and not used by the system.  

 

CyScan GeoLock Use Within an Autonomous DP Vessel 
 
Within the context of a normal DP operation, a DPO is required to review the reflectors detected by the 

CyScan sensor and then manually start the sensor tracking with one or more selected reflectors. A 

subsequent loss of a reflector needs further DPO intervention to re-initiate tracking, if the reflector has been 

lost for long enough (> 10 seconds). 
 

CyScan GeoLock uses a combination of an external GNSS input and the reflector matching algorithm in 

place of the DPO to 
1. determine the constellation to choose for matching the detected reflector positions and  

2. decide when to autonomously (re)start the sensor and initiate tracking.  

 
The reliance on GNSS input to provide redundancy against GNSS failure is rightly a point for concern. 

However, CyScan GeoLock only makes very limited use of the GNSS to notify the sensor of which 

constellation we should use to match our reflections against. This means that the accuracy of the GNSS fix 

required is very low and knowing the position to within 100m is perfectly acceptable to fulfil this need. In 
addition, GNSS accuracy tends to be most reliable in open water (where shadowing and multipath effects 

are limited).  It should be noted that this can be compromised in more congested conditions.  

 
CyScan GeoLock only relies on GNSS to decide which constellation it should be searching for and to “start 

tracking” during approach to each port.  This means that we are using the GNSS when its most likely to be 

reliable.  
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Once CyScan GeoLock decides which constellation the vessel is at, the GNSS input is not used any further 

and the position initialization calculation is completed purely based on the reflections observed. If we 

wanted to break the GNSS dependence, we could instead continuously match the detected reflector 

positions against all possible constellations. However, this places an extra constraint on the constellations 
such that one constellation cannot form a similar pattern to another otherwise the pattern of reflections 

received from both constellations would always be ambiguous. 

 
Although autonomous operation of CyScan GeoLock is the normal mode of operation for the sensor, a 

manual mode is also available whereby an operator can select the which constellation the sensor is to use 

for matching detected reflectors. This provides a mechanism to bypass the GNSS based activation step if 
required. 

 

Alongside the position reference, we supply the standard deviation of the position, based upon the current 

geometry of the sensor w.r.t reflectors and the sensor’s measurement accuracies. This provides a metric to 
assess the current confidence in the accuracy of the position reported to the vessel DP system. 

 

After initiation. the CyScan GeoLock sensor is resilient to temporary loss of tracking from one or more 
reflectors and, providing it has at least 2 reflectors still in track at any one time, it will continue to provide 

a valid position reference. If new reflectors come into view (as the vessel moves) that are part of the 

GeoLock surveyed constellation then they will be added to the sensor’s tracking solution, providing they 
match the GeoLock surveyed reflector pattern. 

 

Once the sensor has lost track of its reflectors (or only has track of a single reflector) it will cease tracking 

(and stop providing a position reference) and return to attempting to match the pattern of reflections with 
the surveyed reflectors until the sensor transits beyond the maximum detectable range of the reflector 

constellation.  At this point the sensor will suspend operation. 
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Results from CyScan GeoLock Trials 

After initial land-based trials, a dedicated CyScan GeoLock sea trial was undertaken.  The aim was to test 

the fundamental features and processes of using the sensor in a marine environment alongside the accuracy 

of the position reference relative to GNSS. The trial utilised the Echo Explorer survey and test vessel in 
Plymouth Sound, near Mayflower Marina, UK. Figure 4 shows Mayflower Marina and the positions of the 

reflectors used for the trial: 

 

Figure 4. 

 

Designation Latitude Longitude 

Reference Position 50.36544490 -4.17320718 

Prism 1 50.36527971 -4.17473901 

Prism 2 50.36512961 -4.17554900 

Prism 3 50.36530252 -4.17379109 

Prism 4 50.36554637 -4.17277152 
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During the trial the vessel moved adjacent to the Mayflower Marina. 

A typical result from these trials is shown in Figure 5: 

  
 

Tracks (Relative to each other) 
 

Track Separation (m) 

Figure 5. 

 
In Figure 5 the ‘Tracks’ chart (left) shows the track generated by the CyScan GeoLock sensor in red and 

the track from the GNSS reference antenna is shown in blue.  

 

The chart shows that the vessel had a rather random track, which was intentional as the test intended to 
examine how well the CyScan GeoLock Sensor & GNSS compared to each other when the vessel’s heading 

was rapidly changing. The gaps in the CyScan GeoLock Sensor track were produced when the sensor lost 

line of sight to its reflectors due to obscuration by the Echo Explorer’s structure and other vessel passing 
between the Echo Explorer and the reflectors. 

 

The ‘Track Separation’ chart (right) shows the difference in distance (in m) between the positions generated 
by the CyScan GeoLock sensor and the GNSS over time (s).  

 

Note: the separation distance has not been corrected for the mounting offset between the GNSS antenna 

and the CyScan GeoLock sensor which accounts for a large part of the systematic error present in the plots 
shown. 

 

The charts show CyScan Geolock performed as expected. 
 

After this initial successful trial a CyScan GeoLock sensor was mounted on-board the Folgefonn car ferry, 

which operates between the Jektevik, Hodnanes and Huglo ferry terminals in Norway.  

 
The aim of the Folgefonn trial was to demonstrate and trial the Wartsila DP Auto Docking & Transit system 

with CyScan GeoLock as an additional PRS for redundancy purposes. The Folgefonn trial culminated in a 

successful demonstration of both the Auto Docking system and CyScan GeoLock sensor during several 
hours of continuous autonomous operation. To facilitate operation, three Reflectors (CyScan AS Prisms) 

were installed at the Jektevik ferry for the vessel’s Jektevik approach and departure. 
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Figure 6 shows the approach and departure tracks of the Folgefonn ferry to the Jektevik ferry terminal. The 
tracks are produced from the position reference data generated by the CyScan GeoLock sensor fitted to the 

Folgefonn ferry. 

 
 

Figure 6. 

Pins P1, P2 and P3 show the positions of the prism reflectors at Jektevik. The surveyed locations are given 

below: 

Designation Latitude Longitude 

Reference Position 59.88621948 5.52112770 

Prism #1 59.88575613 5.52065880 

Prism #2 59.88589908 5.52001921 

Prism #3 59.88621789 5.51966530 
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Figure 7.   

 

Figure 7 shows a typical example of the sensor’s reflector tracking for an approach and departure from 

Jektevik. The 3 coloured lines on the chart show the separate tracks (range vs. time) the sensor generated, 
one from each of the prisms at Jektevik. The sensor automatically started tracking the 3 reflectors at approx. 

500m (it could have started at approx. 800m as all the reflectors were detectable at that range but the 

Folgefonn requirement was to start at 500m). The CyScan GeoLock sensor tracked consistently throughout 
the approach and departure until the reflectors were lost at over 1200m from the terminal. 

 

The data from several visits to Jektevik were collected and used to measure the repeatability of the sensor’s 
reflector range and bearing measurements whilst alongside at Jektevik. The results are presented in the table 

below: 

 

 Prism 1 Prism 2 Prism 3 

Visit # Range 

(m) 

Bearing 

(Rad) 

Range 

(m) 

Bearing 

(Rad) 

Range 

(m) 

Bearing 

(Rad) 

1 95.0566 0.865644 103.6905 0.467735 100.5838 0.065598 

2 94.99197 0.863434 103.6346 0.465986 100.559 0.065284 

3 95.02548 0.861685 103.6875 0.464832 100.603 0.064127 

4 95.0753 0.86431 103.6766 0.466707 100.5756 0.065145 

5 95.10443 0.865079 103.7273 0.466978 100.6321 0.064495 

6 95.0417 0.864707 103.5759 0.467877 100.4175 0.066968 

7 95.26729 0.863808 103.8534 0.467352 100.6955 0.067296 

8 95.1757 0.862097 103.7788 0.464547 100.6534 0.063286 

StdDev 0.118082 0.001394 0.096236 0.001269 0.074742 0.00136 

 

(note: 1 milli radian of arc at 100m range is approx. 10cm). 
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Converting these values into cartesian coordinates and then finding the range of values covered by the 

above dataset yields: 

 

Prism 1 Prism 2 Prism 3 

X Range (m) Y Range (m) X Range (m) Y Range (m) X Range (m) Y Range (m) 

0.32 0.33 0.31 0.34 0.41 0.28 

 

Note: The variation in measured position of the vessel includes any variability of the vessel’s docked 

position between different visits to Jektevik. 

 
The above data shows that whenever the sensor returns to the same position, the same repeatable position 

reference will be produced by the sensor. This is a fundamental requirement for safe autonomous docking 

of a vessel and is therefore key to the success of such technologies. 

Autonomous Vessel Applications 

IntelliTug (Ref 3) is an autonomous vessel project which is a collaboration between Wärtsilä, PSA 

Marine and the Marine Port Authority of Singapore.   The aim of the project is to have a tugboat safely 
and autonomously navigate the crowded waters of Singapore harbor3￼).  

 

   
 

Figure 8. 

 

IntelliTug makes use of various sensors to determine the vessel’s absolute position and identify all nearby 
obstacles and their trajectories to a high degree of accuracy. This allows the system to evaluate the vessels 

environment and plot a safe course across the harbor while avoiding other vessels (Figure 8) . The course 

plotted is then passed to the onboard DP system which, after confirmation from the DPO/Tug Master, 

controls the vessel thrusters to follow the planned route. During transit the system continually reassesses 
the situation and autonomously acts to avoid potential collisions as required.  

 

This collision avoidance and dynamic route planning adds another layer of decision making into the 
autonomous decision making of the vessel sensor suite. This layer can only be achieved through the 

fusion of various sensor inputs which again is contrary to the traditional guidelines for DP systems. While 

some of the decision making has been taken away from the DPO/Tug Master, they are still at the controls 

throughout autonomous transit to take control if required.  
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Conclusions 
Autodocking has successfully been demonstrated and the use of CyScan GeoLock ensures redundancy and 

non-reliance on DGPS which is prone to jamming/spoofing.  This has given the vessel owners and 

authorities confidence in the reliability of the system.  The Intellitug vessel project highlights the fact sensor 
fusion is key to success for the future of autonomous shipping. 

 

We have concluded that in order to undertake the challenges of autonomous operations, it is essential that 
one of the key DP rules, sensor independence, must been broken.  

 

. 
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