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Document control sheet: 

Title: 
Guidelines for design, implementation and verification of a testing facility for RAS 

assisted ship inspections 
Abstract: 
In ROBINS, a Testing Facility (TF) has been designed and implemented from scratch on 

the basis of requirements emerged from discussion among ROBINS partners, leveraging 

the experience of end users in ship inspection. 

 

The use cases defined in WP1 and the types of Robotics and Autonomous Systems (RAS) 

developed in ROBINS have been considered to bias some key features of the TF, in 

particular for what concerns the choice of structural elements and the layout of various 

parts, designing the TF in such a way as to test these RAS as potential prototypes for 

other similar devices used in ship inspection. 

 

The experience acquired in ROBINS, including the essential contribution of onboard 

trials, guided the implementation of the TF as it is today and there is no doubt that the 

target TRL planned for the TF has been reached (TRL7 - system prototype demonstration 

in operational environment). 

 

This experience now allows to envisage possible improvements and refactorization of 

the TF itself for a decisive step forward towards a more engineered version. 

Summary report: 

 

Introduction 
In this deliverable, guidelines for design, implementation and verification of a TF for RAS 

assisted ship inspections are outlined. 

 

State of the Art 
The current state of implementation of the TF is such that the planned TRL7 is met. Thanks 

to the developments carried out during the project, now the TF allows envisaging further  

developments and optimizations for a next generation of a testing environment. 

 

Value added to ROBINS 
The TF implemented in ROBINS provides full functionality to RAS developers to test their 

platforms in a realistic environment where repeatable tests could be carried out in 

controlled conditions. Service Suppliers and Surveyors could also exploit the TF to gain 

valuable experience in RAS assisted ship inspection, while developing ideas and 

concrete proposals for possible improvements. 

 

Achievements 
Thanks to the work done in WP1, WP2, WP7 and WP8 and the contribution of all partners 

involved in these WPs, possible improvements have been identified to raise the TRL 

already reached for the TF to a higher level, turning the TF and relevant testing protocols 

into effective instruments to be used in ordinary ship inspection-related activities. 

 

Results not achieved 
None. 
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Input from other Deliverables 
D1.1-3, D2.1-3, D7.1-4, D8.1, D9.1, D9.2 

 

Exploitation of results 
Based on the experience gained in WP1, WP2, WP7 and WP8, further engineering and 

optimization can now be done, turning the the TF and Testing Protocols into effective 

instruments to be used for real-world ship inspection activities. 

 

A normative framework based on the TF and relevant testing protocols can now be 

developed for standardization of certification of RAS and Service Suppliers. 
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1. Introduction 
In this deliverable, guidelines for the design, implementation and verification of a Testing 

Facility (TF) for ship inspections assisted by Robotics and Autonomous Systems (RAS) are 

outlined. 

 

The principles and the concept of these guidelines stem from the huge work done in 

ROBINS for the development of the TF and are based on many elements investigated 

during the project: the analysis of rules applicable to ship inspection carried out for 

classification and statutory purposes (D1.1); the analysis of risks related to the novelty of 

technology and methodology implied in RAS assisted ship inspection (D1.1-3); the analysis 

of operational procedures in traditional and RAS assisted inspections (D1.2); the 

identification of key features and metrics to be accounted for a realistic testing 

environment and challenging testing protocols (D1.3). 

 

Taking into account the above-mentioned elements, specifications for the TF and testing 

protocols have been drawn (D2.1), aimed at driving TF implementation towards a TRL7, 

industrial-ready instrument able to provide a valid, reliable and economically viable 

alternative to onboard trials (D7.1-4). 

 

The TF implemented in ROBINS reached the planned TRL7, providing full functionality to 

RAS developers to test their platforms in a realistic environment where repeatable tests 

could be carried out in controlled conditions. During the project, service suppliers and 

surveyors could also exploit the TF to gain valuable experience in RAS assisted ship 

inspection, while developing ideas and concrete proposals for possible improvements. 

 

The effectiveness of TF implementation has been confirmed by the analysis of TF 

performance (D8.1) and RAS performance (D9.1). 

 

Significant feedback is now available for further  developments and optimizations, paving 

the way to a next-generation testing environment. Possible improvements can be 

identified to raise the TRL already reached to a higher level, turning the TF and relevant 

testing protocols into effective instruments to be used for everyday, real-world ship 

inspection activities. 

 

Moreover, the development of a normative framework for standardization of certification 

of RAS can also be envisaged based on the results achieved so far. 

 

2. Engineering the Testing Facility 
The TF has been designed and implemented from scratch on the basis of analysis of 

requirements emerged from discussion among ROBINS partners, mainly leveraging the 

experience of end users in ship inspection. 

 

The use cases defined in WP1 have been considered to bias some key features of the TF, in 

particular for what concerns the choice of structural elements to be included and the 

layout and size of various parts. 

 

Last but not least, the types of RAS developed in ROBINS also played an important role in 

understanding their main characteristics, limitations and acceptable operating conditions, 

then designing the TF in such a way as to challenge these characteristics. Real-world 
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operational conditions have then been reproduced in the TF as much as possible to verify 

RAS performance, considering RAS platforms developed in ROBINS as potential prototypes 

for other similar devices used in ship inspection. 

 

Even with some limitations, onboard trials helped in refining the TF in order to reproduce 

more closely some peculiar conditions met during onboard test sessions. 

 

The experience acquired during the development of ROBINS brought to the 

implementation of the TF as it is today and there is no doubt that the target TRL planned 

for the TF has been reached (TRL7 - system prototype demonstration in operational 

environment). This experience now allows to envisage possible improvements and 

refactorization of the TF itself for a decisive step forward towards a more engineered 

version. 

 

In the following paragraphs, some possible key improvements for the TF are described. 

These improvements are aimed to provide indications on how to develop a next-

generation TF that goes even beyond the specification developed during the ROBINS 

project and becomes a reference instrument for assessment of RAS assisted ship 

inspection. 

 

These improvements are also intended to possibly extend the use of TF to other sectors of 

industry with similar inspection and maintenance requirements, such as offshore structures 

for Oil&Gas, renewable energy infrastructures and other civil industry sectors. 

 

2.1. Recap of TF Sections 

The TF comprises three main parts or sections: 

 

• Section A is devoted to tests in a complex scenario reproducing the on-board 

environment, namely a typical cargo hold of a bulk carrier, a typical double 

bottom, a relatively complex structure below the cargo hold and a side ballast 

tank (double side) (see Figure 1 and Figure 2). 

 

• Section B is devoted to specific trials aimed at testing some particular features of 

RAS encompassing various devices for flying and not flying RAS that can be 

adapted and modified depending on the testing needs of the RAS. Testing 

protocols are described for tests in complex environment as well as for individual 

specific tests (see Figure 3 and Figure 4). 

 

• Section C implements a relatively large mock-up with repetitive structures, painted 

in light color with hard coating commonly applied on ships and including some 

typical fittings like air ducts, piping and electrical cabling, for testing RAS and pilot 

abilities during overall surveys mostly beyond visual line of sight and possibly without 

previous knowledge of the structure (see Figure 5). 

 



 

ROBotics technology for INspection of Ships 

Grant Agreement n. 779776 

 
 

 

 

 

 

Guidelines for design, implementation and verification of a testing facility for RAS assisted ship inspections 

Page 7 of 24 

 

 

 

 
Figure 1 - Original design of TF Section A (1) 
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Figure 2 - Original design of TF Section A (2) 
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Figure 3 - Original design of TF Section B (1) 
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Figure 4 - Original design of TF Section B (2) 
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Figure 5 - Drawings of TF Section C 

2.2. Modularity and scalability 

The current implementation of the TF, with particular reference to Section A and Section C, 

is kind of monolithic: all parts are welded together, forming one unique solid block. For 

both sections, a more modular and scalable design can be envisaged. 

 

Section A 
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Section A has a particular bias to testing RAS ability to perform close-up inspections. 

Indeed, the structural elements represented and the layout of various parts (bulk carrier’s 

cargo hold, double-bottom and side ballast tank) offer many opportunities to assess the 

performance of RAS platforms with reference to their ability to provide equivalent 

information as obtained in traditional close-up inspection activities. 

 

In particular, in Section A the following RAS abilities can be assessed (see also D1.3): 

 

a) Operate at least in the same environmental conditions as those assumed for the 

inspection of a human surveyor in person, or even more severe conditions not 

allowing human presence. 

 

b) Reach the points of interest at an appropriate distance to provide all the views 

obtainable by the Surveyor “at reach of hand” or reach points in a way that allows 

alternative satisfactory views; 

 

c) Provide visual information with level of detail, color, contrast, brightness etc. 

sufficient for detecting and ranking defects in a way that is comparable to the 

information available to the Surveyor when operating in person; 

 

d) Provide measurement data, e.g. for thickness, at least with the same accuracy1 

and for the same locations as in traditional surveys, as described in the relevant 

rules and guidelines. 

 

Having in mind the particular bias of TF’s Section A towards the assessment of RAS 

capabilities to perform close-up inspections, a less monolithic and more modular structure 

can then be envisaged, e.g. with each module reproducing only one part of a bulk 

carrier. 

 

Moreover, each single module can be designed and implemented in different 

configurations with increasing level of complexity according to the availability of material, 

facility size and other conditions encountered in the specific place where the TF’s Section 

A will be located. 

 

 
1 For a definition of terms used in this document to describe the quality of measurements, 

refer to (BIMP et al. (1993)), (BIMP et al. (1995)), (EURACHEM/ CITAC (2000)), (Inczedy, 

Lengyel and Ure (1998)), (ISO 3534 -1(1993)), (ISO 5725-1 (1998)), (ISO/TS 21748 (2004)) 

 



 

ROBotics technology for INspection of Ships 

Grant Agreement n. 779776 

 
 

 

 

 

 

Guidelines for design, implementation and verification of a testing facility for RAS assisted ship inspections 

Page 13 of 24 

 

 

 

This can be easily achieved for double bottom and side ballast tank, where complexity 

can be related to the number of cells actually present, the type and size of access points 

and manholes and other similar features. For cargo hold, complexity can be related to the 

variety of structural elements available and their size. 

 

Whatever the level of complexity, key features shall be ensured in any case in order to 

allow uniform and standardized execution of testing protocols to be carried out in Section 

A and application of relevant evaluation criteria. In particular, modules shall allow testing 

RAS according to D1.3 par. 4 and D9.2 par.2, with application of relevant metrics. 

 

Section B 

 

Due to its limited size and intrinsic modular design, Section B does not require special 

consideration regarding modularity and scalability. 

 

However, more stiffener types and sizes can be considered for the assessment of RAS 

ability to reach measurement points, while keeping testing protocols and evaluation 

criteria almost unchanged. 

 

Stiffener types and sizes can be chosen e.g. taking into account the type of ship more 

frequently inspected in the particular port or geographical zone where the TF is located; 

similarly, the type of plates to be used in the adhesion test structure can be chosen 

considering the type of cargo more frequently transported by ships calling the specific 

port or navigating in the specific geographical area where the TF is located. 

 

Section C 

 

Whereas Section A shows a particular bias towards assessment of RAS performance for 

close-up surveys, Section C shows a particular bias towards assessment of RAS 

performance for overall surveys. 

 

Indeed, size, repetition of structural patterns and variety of painting (ranging from large, 

featureless, perfectly painted zones to rusted ones with poor paiting) are the main features 

characterizing TF’s Section C: repetitive homogeneous sets of structural members, 

paintings and other details are designed and assembled together in different ways: 

vertical longitudinals, vertical primary with longitudinal ordinary stiffeners, corrugated 

bulkheads, sloping stools, etc.; various parts are designed in such a way to avoid as much 

as possible discontinuities and reducing the number of recognizable features for 3D 

reconstruction, e.g. leveraging vertical elements to dissimulate joints, or with fake weldings 

to simulate joints between strakes where necessary. 

 

 

Mainly due to size requirements, modularity of Section C can be challenging. However, 

even for Section C a certain level of modularity can be envisaged, e.g. considering 

patterns of structural elements with different height and different width that can be 

assembled together in different layouts, to adapt to hosting facilities of different size: as an 

example, height could be 3m, 4.5m or 6m, to allow vertical composition; width can be 4 

frames, 6 frames, 8 frames with different frame spacing, e.g. 600mm, 800mm and possibly 

other typical sizes of frame spacing. 

 



 

ROBotics technology for INspection of Ships 

Grant Agreement n. 779776 

 
 

 

 

 

 

Guidelines for design, implementation and verification of a testing facility for RAS assisted ship inspections 

Page 14 of 24 

 

 

 

Similarly, modules for corrugated bulkheads can be built with different heights as well, and 

have different widths, e.g. one, two or three corrugations, plus starting and ending 

corrugation elements. 

 

2.3. Reproducibility 

Reproducibility of TF is of course fundamental to ensure a uniform evaluation of RAS 

performance across different TF implementations. 

 

To ensure reproducibility, precise drawings and construction details shall be prepared for 

each TF implementation. Whereas this has been done for the TF implemented in ROBINS, 

the same shall be done for TF modules described in 2.2. 

 

Moreover, drawings and construction details of each TF implementation across the world 

shall be made available to the Class Societies in charge of ship inspections to give 

evidence of the TF being fit for the purpose of executing testing protocols completely and 

correctly. 

 

Sharing drawings and construction details will also allow the creation of a database of TF 

modules that can be reused for the implementation of new TFs mitigating the risk of 

discrepancies in RAS performance evaluation criteria due to poor design or inadequate 

contruction. 

2.4. Transportability 

The size and shape of TF modules should be chosen also taking into account the possibility 

to move them from the facility where they are built to their final location. This implies 

having size compatible with standard 1 TEU, 20-foot-long (6.1 m) intermodal container, to 

be easily transferred between different modes of transportation, such as ships, trains, and 

trucks. 

 

Moreover, possible architectural and environmental barriers between the building and 

final locations (e.g. ladders, narrow openings, narrow streets, narrow turns) shall be taken 

into account. 

2.5. Hosting facility environmental conditions 

Lighting, temperature, size and other environmental conditions of the final TF location shall 

be taken into account. Testing preconditions shall be duly examined and ensured in the TF 

in order to allow uniform evaluation of test results among different TFs. 

2.6. Accessibility and logistics 

Accessibility to the TF shall be ensured for all the foreseeable types of RAS. 

2.7. Connectivity 

Suitable Internet connection should be available between the TF and external locations. 

This connection should be fit for the purpose of transmitting (both uploading and 

downloading) large files in reasonable time and for high quality real time video streaming. 

 

Good network connection should be also made available in view of applications implying 

remote connections compliant with Remote Inspection and Remote Survey requirements 

for class and statutory surveys, when available. 
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2.8. Recording 

Archiving resources should be available to record test data such as videos, images, sensor 

data (either raw or pre-processed). 

 

Backup or other measures for mitigating the risk of data loss shall be available. Cloud 

resources can be used to this purpose. 

 

Measures for the mitigation of cyber risks, including privacy and selective access control to 

comply with non disclosure requirements shall be available. 

3. Engineering Testing Protocols      

3.1. Being ready for class and statutory ship inspection 

Leveraging the results obtained in WP7 concerning the development of testing protocols 

and considering the analysis carried out in WP9 and documented in deliverable D9.2 

“Performance standards and cost benefit analysys”, standards to regulate the use of RAS 

platforms in class and statutory ship inspection can be developed. 

 

Of course these standards, being applicable to high-demanding and strictly regulated 

inspections such as class and statutory surveys, can be easily adapted for application to 

other types of inspection, e.g. those carried out for ship condition assessment, or 

inspections carried out by the shipowner after casualties or before repair/maintenance in 

shipyards. 

 

Standards for class and statutory inspections shall likely include a set of requirements 

common to all RAS platforms, e.g. relevant to operational safety, and a set of 

requirements more specific for the operational domain of the RAS itself. 

 

Both sets of requirements shall be however aligned with the existing normative framework 

established by the International Maritime Organization (IMO), the national Flag 

Administration and the Class Society interested in the inspection. 

 

In real-world ship inspections, requirements referring to pre-conditions to be verified 

beforehand should be considered, e.g. about safe access to the area of operation 

onboard, safe deployment of RAS platforms in the intended areas of operation, successful 

completion of RAS preparation procedures and pre-operation checks, certified calibration 

of measurement instruments and RAS sensors, etc. 

 

The verification of these preconditions, even if not strictly falling under the purview of 

testing protocols, are however to be considered as an essential part of RAS assisted ship 

inspection and to a certain extent also finds application in the preparation of laboratory 

testing. 

 

Based on this considerations, a checklist can be prepared to be filled before starting any 

RAS test activity, as well as before commencing any RAS assisted ship inspection activity. 

Table 1 shows an example of a pre-operation checklist with sample check items to be 

verified. 
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Pre-Operation Checklist for RAS assisted ship inspection and RAS testing 

Requirement How to check Check result Notes 

Safe access to 

operational area 

(OA) is confirmed 

• OA is gas-free; 

• OA has been prepared in 

compliance to IMO and 

class requirement for safe 

access of a human 

surveyor 

• Responsible person 

confirms safe access to OA 

• Compatibility of RAS with 

restrictions applicable to 

OA have been verified, 

e.g. for explosion or fire risks  

  

No hazards have 

been identified that 

can impact the RAS 

and its operator 

during operation 

• RAS operation has been 

clearly planned and 

described to the shipowner 

and onboard responsible 

persons. 

• A risk assessment has been 

carried out for the 

evaluation of risks and risks 

above acceptable levels 

have been identified 

• Mitigation measures for 

identified unacceptable 

risks have been 

implemented and their 

effectiveness confirmed 

• Applicable laws and rules 

(e.g. from local national 

authorities, port authorities, 

security and safety 

responsible organizations) 

are known and have been 

duly complied with 

  

Calibration of RAS 

sensors and 

measurement tools 

has been verified 

• Documentation is made 

available by Service 

Supplier giving evidence of 

calibration of sensors and 

measurement tools 

• Preliminary piloting and 

measurement tests are 

carried out in a safe and 

controlled environment 

• Suitable ground truth 

reference is available to 

estimate accuracy  and 

other relevant quantities of 

sample measurements 

  

RAS operator is duly 

trained and qualified 

• Documentation is made 

available by Service 
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Pre-Operation Checklist for RAS assisted ship inspection and RAS testing 

Requirement How to check Check result Notes 

for the intended 

operation 

Supplier giving evidence of 

operator training and 

qualification 

• Preliminary piloting and 

ability tests are carried out 

in a safe and controlled 

environment 

RAS preparation and 

Pre-operation checks 

have been carried 

out and successfully 

completed 

• Power source and other 

facilities needed for RAS 

operation are available 

and operational 

• Obstacles for tethers 

and/or line of sight 

between RAS and operator 

or RAS control station have 

been duly identified and 

removed if necessary 

• Availability and charging 

status of batteries 

necessary for the correct 

performance of the whole 

intended operation has 

been verified 

• Checks relevant to RAS 

control and 

communication channels 

have been successfully 

completed 

• Basic RAS control 

operations (e.g. take-off, 

stationary flight and 

landing, or crawler simple 

move) have been carried 

out 

• Basic functionality tests of 

measurement tools have 

been carried out 

  

Measures are in place 

to allow safe recovery 

from RAS crash or 

failure, or minimum 

risk condition is 

reached if the RAS 

cannot be promptly 

recovered, and safe 

ship operation can be 

carried out in case of 

RAS failure or other 

unexpected events 

compromising the 

• The OA allows access for 

the recovery of RAS in case 

of loss of control or other 

failures 

• Means for recoverying the 

RAS from OA, if necessary 

(e.g. ladders, PPE for 

human access to OA etc.) 

are available and ready to 

use 

• The OA can be safely 

accessed by humans at 

least in those zones where 
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Pre-Operation Checklist for RAS assisted ship inspection and RAS testing 

Requirement How to check Check result Notes 

successful completion 

of RAS operation.  

the RAS is likely to drop or 

stop in case of failure 

• Until recovered, the failed 

RAS will not interfere with 

any ship equipment and 

will not be dangerous for 

the environment 
Table 1 - Pre-Operation Checklist (example) 

Other non-operational requirements referring to pre-conditions to be verified beforehand 

should also be considered, e.g. those concerning cyber security issues related to the 

acquisition, transmission and storage of inspection data, including confidentiality, integrity 

and accessibility of data, and other requirements emerging from a specific risk 

assessment. 

3.2. Modularity and scalability 

Besides common requirements applicable to all RAS and all testing and inspection 

activities, testing protocols need to be engineered to take into account the different 

operational domain of the RAS under test. 

 

Testing protocols can be made modular and scalable in several ways, one of the most 

obvious being by grouping them according to some criteria, such as: 

• The type of RAS they apply to (e.g. crawlers vs. flying drones) 

• The main task the RAS is expected to carry out (e.g. overall survey, close-up survey, 

thickness measurement) 

 

Grouping testing protocols according to the above criteria is functional to the 

development of standards for the certification of RAS, since such criteria reflect the main 

tasks required in class and statutory surveys. 

 

It would be useful to summarize briefly2 the various types of class surveys and the most 

relevant inspection tasks required for hull: 

 

Annual Survey: Annual Surveys are to be held every year. The survey is to consist of an 

examination for the purpose of ensuring that the hull, weather decks, hatch covers, 

coamings and piping are maintained in a satisfactory condition. Examination of the hull 

plating and its closing appliances, examination of watertight penetrations, weather decks, 

hatch covers and coamings is to be carried out. 

Depending on ship’s age, special requirements are in place. As an example, for Bulk 

Carriers 10-15 years of age, Overall Survey of all cargo holds and Close-up survey of 

sufficient extent, minimum 25% of frames is to be carried out, in some cases to be 

extended to include a Close-up Survey of all of the shell frames and adjacent shell plating 

of cargo hold found in worse condition, as well as a Close-up survey of sufficient extent of 

all remaining cargo holds. 

When considered necessary by the surveyor, or where extensive corrosion exists, thickness 

measurement is to be carried out. 

 
2 Please note that this brief description is given only for quick reference and does not 

reflect the complete requirements. For a complete description of requirements for each 

type of survey please refer to IACS UR Z10 series 
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Intermediate Survey: The intermediate Survey is to be held at or between either the 2nd or 

3rd Annual Survey. The survey extent is dependent on the age of the vessel. As an 

example, for Bulk Carriers 5 -10 years of age, an overall survey of representative spaces of 

ballast tanks selected by the Surveyor is to be carried out, however including fore and aft 

peak tanks and a number of other tanks, taking into account the total number and type 

of ballast tanks; an overall survey of all cargo holds, including close-up survey of sufficient 

extent, minimum 25 % of frames, is to be carried out to establish the condition of shell 

frames including their upper and lower end attachments, adjacent shell plating, and 

transverse bulkheads in the forward cargo hold and one other selected cargo hold; 

thickness measurements are to be carried out to an extent sufficient to determine both 

general and local corrosion levels at areas subject to close-up survey 

 

Special Survey: Special Surveys are to be carried out at 5 year intervals. During a Special 

Survey, all cargo holds, ballast tanks, including double bottom tanks, pipe tunnels, 

cofferdams and void spaces bounding cargo holds, decks and outer hull are to be 

examined by means of close-up inspection. 

This examination is to be supplemented by thickness measurement to ensure that the 

structural integrity remains effective. The aim of the examination is to discover substantial 

corrosion, significant deformation, fractures, damages or other structural deterioration, 

that may be present. An Overall Survey of all tanks and spaces is to be carried out as well 

at each Special Survey.  

 

In view of developing standards to regulate the use of RAS platforms in class and statutory 

ship inspection, specific tests for the assessment of the RAS ability to perform overall/close-

up surveys and thickness measurements shall be defined. 

 

The following table summarizes an example of the types of tests suitable for assessing RAS 

fitness for the purpose of performing typical tasks carried out in class and statutory surveys. 

 

 

Overall inspection 

RAS Type Feature/ability Test Evaluation 

criteria 

Metrics 

Crawler X X X X 

Drone for close-up X X X X 

Drone for overall Ease of 

operation 

Reach specific 

places in TF 

Section C in 

due time 

Elapsed time; 

N. of places 

reached; 

N. of attempts 

per place; 

 

Time; 

N.of success 

vs failures; 

N.of 

attempts; 

Space 

coverage 

Take video of 

all TF section C 

Elapsed time; 

Percentage of 

surface 

captured; 

Time; 

% surface; 

Video is clear; 

Structural 

elements are 

recognizable; 

Detection of 

visible defects in 

different 

environmental 

Detect visible 

defects in 

different 

environmental 

Elapsed time; 

N.of defects 

detected; 

Types of defects 

N.of cracks; 

N.of 

deformations; 

N.of coating 
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Overall inspection 

RAS Type Feature/ability Test Evaluation 

criteria 

Metrics 

and light 

conditions: 

Daylight 

Dark 

Grazing light 

Spotlight 

Wind 

Nebulization 

and light 

conditions 

detected; breakdowns; 

N. and types 

of wastage 

detected 

(grooving, 

pitting, 

scaling) 

Energy 

autonomy 

Navigate in TF 

Section C 

following 

predetermined 

path in 

operational 

conditions (e.g. 

lights on, 

sensors on…) 

Time duration 

before power 

source run-out 

Time; 

Autonomous 

operation 

Reach specific 

places in TF 

Section C in 

due time with 

minimal human 

supervision with 

predetermined 

obstacles 

along path 

Elapsed time; 

N. of places 

reached; 

N. and type of 

human 

interventions; 

N.of obstacles 

avoided 

 

Time; 

N.of places 

reached; 

Duration, 

frequency 

and type of 

human 

intervention 

(e.g. piloting 

takeover, 

path 

correction; 

position 

adjustment…) 

 
Table 2 - Tests for assessment vs. overall inspection 

  

Close-up Inspection 

RAS Type Feature/ability Test Evaluation 

criteria 

Metrics 

Crawler, 

Drone for close-

up 

Ease of operation Reach specific 

places in TF 

Section A in 

due time 

Elapsed time; 

N. of places 

reached; 

N. of attempts 

per place; 

Time; 

N.of success 

vs failures; 

N.of attempts; 

Overcome structural 

elements and other 

obstacles: 

Manholes 

Pipes 

Beams 

Reach specific 

places in TF 

Section A 

starting from 

given position 

and overcome 

Elapsed time 

(total); 

Elapsed time 

for each 

structural 

element; 

Time; 

N.of success 

vs failures; 
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Close-up Inspection 

RAS Type Feature/ability Test Evaluation 

criteria 

Metrics 

Brackets 

Eyebolts 

 

a variety of 

structural 

elements 

N.of places 

reached; 

N. and type of 

elements 

overcome; 

 

(Crawler only) 

Reach specific 

places in TF 

Section B 

starting from 

given position 

and overcome 

a variety of 

structural 

elements; 

Adhesion test 

in TF Section B 

Elapsed time 

(total); 

Elapsed time 

for each 

structural 

element; 

N.of places 

reached; 

N. and type of 

elements 

overcome; 

 

Time; 

N.of success 

vs failures; 

 

 

Detection of visible 

defects in different 

environmental and 

light conditions: 

Daylight 

Dark 

Grazing light 

Spotlight 

Wind 

Nebulization 

Detect visible 

defects in 

different 

environmental 

and light 

conditions 

Elapsed time; 

N.of defects 

detected; 

Types of 

defects 

detected; 

Categorization 

of wastage; 

N.of cracks; 

Size of cracks; 

N.of 

deflections; 

Size of 

deflections; 

N.of wasted 

areas; 

Agreement 

with standard 

examples in 

categorization 

of wastage; 

Energy autonomy Navigate in TF 

Section A 

following 

predetermined 

path in 

operational 

conditions 

(e.g. lights on, 

sensors on…) 

Time duration 

before power 

source run-out 

Time; 

Video 

Recording/streaming 

Transmit in real 

time video 

streaming and 

record 

Illumination, 

resolution, 

color, 

contrast; 

Archiving 

capacity; 

Video lagging; 

Time delay; 

Surveyor 

ability to 

recognize 

structural 

elements and 

defects; 

GB storage 

capacity; 

N. and 
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Close-up Inspection 

RAS Type Feature/ability Test Evaluation 

criteria 

Metrics 

duration of 

video lags; 

Time delay 

btw. Image 

capturing and 

rendering at 

the surveyor 

display. 

Self localization Reach defined 

positions in TF 

Section a and 

compare with 

detected 

position and 

orientation 

Distance btw. 

Real and 

measured 

position 

Distance and 

deviation 

angle 

Drone for 

overall 

X X X X 

Table 3 - Tests for assessment vs. close-up inspection 

 

Thickness measurements 

RAS Type Feature/ability Test Evaluation 

criteria 

Metrics 

Crawler, 

Drone for close-up 

TM on good, 

fair, poor 

coating and 

different 

coating types: 

Galvanized 

Welded 

Glossy paint 

Matte paint 

Oily 

Corroded 

Metal residues 

Welded and 

corroded 

Welded and 

painted 

Reach specific 

places in TF 

Section A with 

good, fair or 

poor coating 

and measure 

thickness 

Elapsed time; 

Difference btw. 

Measured 

thickness and 

ground truth 

 

Time; 

Difference in 

TM vs. 

Ground truth; 

TM on 

rusted/scaled 

surface 

Reach specific 

places in TF 

Section A with 

rusted/scaled 

surface and 

measure 

thickness 

Elapsed time; 

Difference btw. 

Measured 

thickness and 

ground truth 

 

Time; 

Difference in 

TM vs. 

Ground truth; 

TM on wasted 

surface 

(grooving, 

Reach specific 

places in TF 

Section A with 

Elapsed time; 

Difference btw. 

Measured 

Time; 

Difference in 

TM vs. 
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Thickness measurements 

RAS Type Feature/ability Test Evaluation 

criteria 

Metrics 

pitting) wasted surface 

and measure 

thickness 

thickness and 

ground truth 

 

Ground truth; 

Surface 

cleaning from: 

Salt 

Dust 

Paint 

Rust 

Flakes 

Oil 

Reach specific 

places in TF 

Section A with 

dirty surface 

and clean 

Elapsed time; 

Cleaning quality 

Time; 

Quantity of 

material 

removed; 

Cleanness of 

surface; 

Drone for overall X X X X 
Table 4 - Tests for assessment vs. thickness measurements 

3.3. Improving metrics 

Metrics for the evaluation of RAS performance have been widely discussed in ROBINS from 

the very beginning of the project (see e.g. deliverable D1.3). Thanks to the iterative 

approach used in ROBINS, metrics have been improved and revised continuously. 

As already noted in D1.3,  RAS performance evaluation and metrics considered in ROBINS 

are focused on the RAS as a component of a system that includes also other components 

and tools, e.g. software tools and human element, and are functional to measure the 

actual ability of RAS to provide meaningful information to the Surveyor. Indeed, the 

Surveyor is the ultimate and only reference for the assessment of ship hull condition in class 

and statutory surveys. 

 

Notwithstanding the above, the need of objective metrics for the assessment of RAS 

performance has emerged as a key factor during the project, essential for a uniform 

application of evaluation criteria and, ultimately, for the implementation of a standardized 

certification schema for RAS and TF. 

 

In paragraph 3.2 more objective metrics have been indicated for each test, as a step 

forward towards standardization. 

3.4. Engineering recording of results for further processing 

In ROBINS, recording of test results is carried out by means of the so-called “Trial Cards”, 

where test conditions and results are recorded in a grid format. 

 

Dedicated software tools can be foreseen to leverage the current format of trial cards 

and extract/process test data to devise useful information. 

4. Developing a certification schema for testing facilitites, 
testing protocols, service suppliers and RAS 

As a result of the engineering process of TF and Testing Protocols outlined in this document, 

standards to regulate the use of RAS platforms in class and statutory ship surveys can be 

developed. 
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Such standards shall however take into account the results obtained in WP7 concerning 

the development of testing protocols and consider the analysis carried out in WP9 and 

documented in deliverable D9.2 “Performance standards and cost benefit analysys”. 

 

A certification schema for service suppliers engaged in surveys using remote inspection 

techniques has already been developed as part of IACS UR Z17 “Procedural requirements 

for Service Suppliers”. 

 

While the certification schema for service suppliers is for sure an important step forward in 

the process of filling the regulatory gap that has been recognized since the beginning as a 

barrier to the adoption of RAS in ship inspection, certification of RAS is only marginally 

covered in that schema. Hence, a dedicated certification schema, based on engineered 

TF and testing protocols is still needed. 

 

The schema shall be based, on one side, on verification of documentation regarding RAS 

features, certificates, technical specifications etc.; on the other side, it shall be based on 

the execution of specific tests in controlled testing environments, as described in sections 2 

and 3 above and in deliverable D8.1 sections 6 and 7. Upon positive verification of results 

obtained by RAS, a fit-for-purpose certificate can be issued which will entitle the RAS and 

its operator to perform RAS assisted surveys. 

 

Check lists can be prepared to simplify the verification of testing results and TF features, 

providing an easy-to-use tool. 

 

Class Societies and/or international bodies shoud take the burden of developing the 

envisaged certification schema for TF and RAS. When available, the regulatory gap for a 

massive adoption of RAS in ship inspection will be dramatically reduced. 

 

The expected impact on market has been estimated at the beginning of the project and 

a detailed cost-benefit analysis has been undertaken in deliverable D9.2 considering RAS 

assisted surveys in comparison with traditional ship surveys from the perspective of the 

different stakeholders involved in ship inspection. 

 

Due to technology evolution and changes in the global scenario brought e.g. by the 

COVID-19 pandemic, this impact is likely to be even bigger than expected. This should 

encourage interested stakeholders to speed up the standardization process, also 

leveraging the remarkable technical and economical advantages offered by an 

engineered TF and testing protocols.  

 

 

 


