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Planning 
 

Participant 
Person-
Months 

Contributors 
Role in D3.1 

/WP3 

Ifremer 2 
J.F.Rolin and 

interviewed 
colleagues 

WP responsible 

TOTAL 2   

 

 

NeXOS Task 3.1 – from the Description of Work 

Objectives 

Evaluate the technological maturity of sensor systems 

 

Description of Work 

� Associated Task 3.1. Engineering specifications and technological maturity; Leader: 
IFREMER; Duration: M6-M12 

The underwater sensing objectives refined by WP 1 w ill determine the required 
performance in precision, deployment duration and p ressure of the new sensors and 
general specifications will be issued. The Technolo gy Readiness Level (TRL) will be 
evaluated for each of the NeXOS sensor systems, lea ding to basic engineering 
specifications so that performance can be demonstra ted within the duration of the 
project. The TRL study will use remote interviews a nd meetings among the NeXOS 
consortium (including referenced providers) and rel ated projects (EuroARGO, 
EMSO/ESONET, JERICO, GROOM, etc). It will be based on common practice for sensor 
choice and enhancement and will critically review t he limits and achievements of existing 
sensors within the market.  In parallel to WP5, 6 and 7, this task will perform functional 
analysis for several multi-sensor architectures and integration scenarios (including 
multiparameter probe, junction box, profilers and gliders as well as new concepts). The analysis 
will address the following questions: 
• can more parameters be integrated into the sensor system? 
• what is the feasibility of self calibration and/or self biofouling control? 
• can pre-processing and modifications to sampling procedure be applied locally? 
• How the RAMS strategy can contribute to the production of more reliable and cost-efficient 
sensors?  
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Input needed 

� D1.3: Project implementation plan 

D3.1) TLR report: The Technology Readiness Level will be evaluated for each of the NeXOS 
sensor systems, leading to basic engineering specifications so that performance can be 
demonstrated within the duration of the project. This deliverable will justify part of the work done 
in task 3.1 [month 6] 

 

Task work plan 

1) (this deliverable) Evaluate the technological maturity of some sensor systems to check 
the methodology.  

2) Keep using this TRL evaluation method during 6 months with as many NEXOS 
components as possible. Confidentiality will be discussed within TOC or Steering 
Committee if needed. 

3) define the general specifications for the different new sensors 

 

 

 

 

Task timeline (See example below – double click to edit in Excel or compatible) 

 

 

 

 

  

M 6 M 6 M 12 M 30

mars-14 mars-14 sept-14 mars -17

T ask  6.4 : Enviro nmental M o nito ring 
P ro gramme

Start

TRL REPORT

Functional analysis report

Update in task 3.5

P ro ject  mo nth
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Deliverable Structure/Outline 

 

Executive Summary  

Proposed as a reference since the submission of NeXOS, the Technological 
Readiness Level (TRL) is implemented as a metrics for the improvement of equipments 
(sensor systems but also related platforms and software). A common definition, and a 
common methodology of determination of the TRL is discussed, proposed and applied 
for validation on 4 products: one sensor (Recopesca temperature turbidity), one 
software (Seadataview), one platform (ARVOR CM) and one component (SnO2 

antifouling protection). This defines a method that will be applied in several instances of 
NeXOS, in relation with functional analysis report, market study, reliability study, and as 
a tool for Nexos Scientific and technical management (TOC) and evaluation. 

The template of TRL estimate is made available in the internal NeXOS intranet web 
pages under WP3 working section. 

1. Introduction 

In its initial documents of submission, NEXOS has presented the Technological 
Readiness Level as a conceptual tool for the support of sensor development and a 
major indicator for the follow-up of the project. (See Tables 1 and 2 Hereunder) 

 

Table 1: TRL definition in NeXOS Submission document and DoW  
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Table 2: Innovation and new technologies from Submission document and DoW  
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Table 3 : The V-diagram describing the steps in the development process 

 

This V-shape diagram is describing the process of development of NeXOS, linking the 
specification, the innovation and the validation activities. The TRL estimates as 
presented in this report will be a major tool to issue a metrics for the increase of 
maturity achieved by the project throughout the V-shape process. 

 

2. Reference documents 

• NEXOS DoW  

• NASA TRL definition (1989, 1995, 2007) http://esto.nasa.gov/files/trl_definitions.pdf. 

• NATO TRL discussion http://natorto.cbw.pl/uploads/2010/9/$$TR-HFM-130-ALL.pdf. 

• EC H2020 TRL definition: 
http://ec.europa.eu/research/participants/data/ref/h2020/wp/2014_2015/annexes/h2020-

wp1415-annex-g-trl_en.pdf. 

• Carnot CAPTIVEN scale- 
http://www.hydreos.fr/ckfinder/userfiles/files/Pollutec2012/CAPTIVEN.pdf. 
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3. Finding the NEXOS approach among technology Readiness Level definitions 

 

a. Short history and field of application of TRL 

 

Technology Readiness Levels (TRL’s) were invented by NASA after the first failures in 
the Appolo program. After a few years it was promoted through a paper titled "NASA 
technology push towards future space mission systems" (Saden, et. al., 1989). It 
initially included 7levels and was increased to 9 later on. It was understood after a 
while as an interesting way to address the limits of the technology, reliability and the 
associated risks. In a troubleshooting process, reasons may come from lack of maturity 
of the technology of one component. 

 

Readiness level assignment was typically left to the technology developer. When UK 
Department of Defense was directed to use NASA’s TRL process in 2002, they started 
to refine the methods. Other large institutions proposed variations, adapted to their 
field.  

 

TRL has been adopted internationally with the use of TRL’s at NATO (with specific 
definitions), ESA, CNES, in Canada, the UK, and Japan. An ISO TRL Working Group 
(WG) has started to work from an initiative of the British Standards Institute.   

 

In the fields of ocean instrumentation, a few actors started to introduce TRL approach 
in Europe such as the reference article published by Ralph Prien from Germany in 
2007 (Ralph D.Prien - The future of Chemical in-situ sensor -.Marine Chemistry 107 
(2007) 422–432). It was introduced in strategic discussions at national level in UK 
(Gwynn Griffith NOC) and in France (Jean-François Rolin – Instrumentation Review 
and Perspective – TSM strategic days - La Londe les Maures - December 2007). 
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Nasa TRL definition as it is now: 

 

Table 4: NASA TRL definition. 

 

The European Commission in the Horizon 2020 in the general annexes G requires to 
refer to: 
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Where a topic description refers to a TRL, the following definitions apply, unless otherwise 
specified:  
 
� TRL 1 – basic principles observed  
 
� TRL 2 – technology concept formulated  
 
� TRL 3 – experimental proof of concept  
 
� TRL 4 – technology validated in lab  
 
� TRL 5 – technology validated in relevant environment (industrially relevant environment 
in the case of key enabling technologies)  
 
� TRL 6 – technology demonstrated in relevant environment (industrially relevant 
environment in the case of key enabling technologies)  
 
� TRL 7 – system prototype demonstration in operational environment  
 
� TRL 8 – system complete and qualified  
 
� TRL 9 – actual system proven in operational environment (competitive manufacturing in 
the case of key enabling technologies; or in space)  
Table 5: European Commission Horizon 2020 TRL list 

It is totally in agreement with NeXOS definition but less detailed. 
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b. Simplified or extended TRL scales? 

 

The French project Captiven supported by Agence Nationale pour la Recherche is 
aiming at stimulating instrumentation for the environment developed by SMEs and 
research institutes. The choice was made to simplify the TRL scale in order to keep a 
limited number of categories.  

Basic 

concept

Reliable

prototype

Performant 

prototype

Tech. 

concept 

formulate

d

Functional
prototype

Proof of 

concept

Producti

on

Product 

delivered

on the 

market

Technological

concept compiled

as a written

document 

(publication, 

technical report)

Proof of concept 

done, first test in 

lab performed

Prototype built

and tested in 

simulated

environment

Reliable

prototype tested

in relevant 

environment

Operation

al

prototype

Prelimina

ry Serie

Shortly

This approach is useful when we need to present rough estimates of TRL and include 
them in brochures for a large public. But it does not disseminate the actual difficulties in 
development and is quite sufficient to introduce a discussion between parties. It could 
be an issue for NeXOS for general market assessment but is in contradiction to the will 
to follow the advances with a metrics. 

 

On the opposite, NATO introduced a TRL0 when it adopted TRL scale. 

TRL0 is: Systematic study directed toward greater knowledge or understanding of the 
fundamental aspects of phenomena and /or observable facts with only a general notion 
of military applications or military products in mind. Many levels of scientific activity are 
included here but share the attribute that the technology readiness is not yet achieved. 
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This level is out of the scope of NeXOS. We do not wish to include this early stage 
level. 

 

For NeXOS, the end of development, corresponding to TRL 9 needs more attention 
that the early stage. This is presented in § 4 c) 

 

c. Components, sub-systems or systems? 

In Nexos we address several size of equipments: sensors, sensor 
systems, platforms, instrumentation systems, interfaces, systems of 
systems. 

We intend to use TRL in priority for the components of the project 
corresponding to a deliverable in a Task, a platform mentioned in a 
scenario or used for validation in WP8 or demonstration in WP9. 

Estimate of TRL can be envisaged for the discussion on opportunities in 
market analysis, comparison of solutions, reliability studies,etc. TRL of 
components or systems will then be performed. 

 

4. NEXOS TRL questionnaire 

 

a. Description and calculation TRL 1 to TRL 6 

A questionnaire made available by nyserda R&D for free use on internet is 

proposed for the determination of TRL1 to TRL6. It uses a definition very similar to the 
TRL definitions of the NeXOS DoW. The only difference comes from the TRL 3 where 
the questionnaire proposes the “proof of concept” as key word, a concept broadly used 
by original TRL 3 definitions. 

Once the 7 tables have been filled-in by answering a series of yes or no questions, a 

synthetic TRL evaluation between 1 and 6 is calculated, highlighting the weak point. 

We appreciate this didactic approach. 
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Synthetic table calculated by the EXCEL sheet. 
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b. Next steps from TRL 7 to TRL 9  
A continuation of the questionnaire, proceeding TRL by TRL is 
proposed for the 3 next levels once TRL6 is acquired. 
 

 

  



 
Deliverable 3.1  

TRL Report 

 

  

 

19 

Doc.Nº: NXS-WP3_D.3.1_-v.2 

Date: 31/03/2014 

 

 

  



 
Deliverable 3.1  

TRL Report 

 

  

 

20 

Doc.Nº: NXS-WP3_D.3.1_-v.2 

Date: 31/03/2014 

 
c. Various uses/market according to equipment (9+) 

Being at the forefront of innovation and high-tech, the inventor of TRL at NASA or the 
promoters inside the weapon sytems of NATO considered the proof in operation stage 
as a final one. In more trivial industrial fields, several hierarchies may be found. A TRL 
9 recognized in one field (home kitchen) may not be sufficient for another commercial 
application such as the kitchen of a restaurant.  

Oceanography was started by Navy engineers and the references of readiness were 
military. Since the end of the 80s, a new generation of instrument was able to promote 
more cost efficient technical solutions. NEXOS ambition is to proceed in this direction 
in order to “improve the temporal and spatial coverage, resolution and quality of marine 
observations”. Our NEXOS TRL9 is the fulfilment of the cost efficency and reliability 
objectives of the project. 

Nevertheless, some industries are not satisfied with the oceanography references in 
term of robustness, size and capital base of the provider, security specifications,... In 
this case, NEXOS TRL 9 “System technology qualified through successful mission 
operations” may not be sufficient to ensure the H2020 TRL 9 “Full commercial 
application”. It is probably because an industrial field will not recognize qualification 
capacities of “mission operations” that are not from the same industrial field. 

For the sake of this report and further uses in these special cases of reliability (WP3) 
and market studies (WP2) in NEXOS, we will mention a 9+ level with a reference to the 
specific market.  

TRL9+ OIL AND GAS 

TRL9+ DEFENCE 

TRL9+ FISHERY 

TRL9+ MARINE RENEWABLE ENERGIES 

.... 

 

d. Methodology of use: interview and/or working sessions with specialists 
 
The questionnaire has been used in two manners: either as an interview with the 
project responsible or during a project meeting with more specialists present. Both 
conditions are adequate. We suggest to use the occasion of a project meeting when 
possible because the more collective estimation is shared by the group and will 
motivate them for corrective actions.  
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5  Key components for TRL estimate for the Task 3.1 

 
The TRL of the following components will be evaluated during the Task 3.1. Those in 
red are used as reference for the present deliverable.  

a. Optical sensor systems; 

NEXOS WP5 starting products  

(FRANATECH) 

(TRIOS) 

(HZG) 

(NIVA) 

Other projects 

CHEMINI (EXOCET-D/Ifremer) for comparison purpose 

b. Passive acoustics sensor systems; 

NEXOS A1 for NeXOS WP6  

 

c. Ecosystem approach to fisheries management sensor systems (EAF); 

RECOPESCA turbidity (NEXOS WP7 starting product/nke) is chosen because the temperature 
oxygen and temperature fluorescence probes are not specified yet. 

d. Sensor anti-fouling; 

Chlorination system (NEXOS WP3 starting product/nke,Ifremer). This component is an 
important issue (NeXOS WP3). Unlike previously developed technologies such as chlorination, 
the project is  

e. Sensor interface interoperability;  

Seadataview (EUROFLEETS/Ifremer). This software and the associated computer architecture 
are developed by EUROFLEETS 2 project for research vessels. The interface with Recopesca 
board unit will allow the implementation of NeXOS WP4 concepts. 

(52N) 

f. Platform. 

ARVOR CM (EuroARGO-JERICO/nke,Ifremer) which is derived from the ARVOR Argo 
float for coastal use with multi sensor capabilities. This platform will be used in NeXOS. 

Glider (GROOM/US trade marks) 

Ferry box (JERICO/$) 
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6  Results per equipment 

 

1) Ecosystem approach to fisheries management sensor systems (EAF); 

RECOPESCA turbidity (NEXOS WP7 starting product/nke) 

The level is strictly TRL 5. Solving weaknesses in performance baselines will bring it to TRL8. 
Solving the severity level of shock test issue in addition would bring it to TRL9. 

2) Sensor anti-fouling; 

Chlorination system (NEXOS WP3 intended product/nke,Ifremer) 

The level is TRL2. Next topics to address are risk mitigation strategy and pressure tests. Proofs 
of achievement are advanced up to TRL7 questions concerning environment constraints but 
results are lacking for producibility issues and the validation of low impact of by-products. 

3) Sensor interface interoperability and software;  

Seadataview (EUROFLEETS/Ifremer) 

The level is TRL 2. TRL3 can be easily achieved while involving end users in the specification 
process in the EUROFLEETS community and performing an initial risk analysis.  

In general and especially the page 5 of the questionnaire, the simulations, lab experiments and 
modelling are not criteria suited for software. 

4) Platform. 

ARVOR CM (EuroARGO-JERICO/nke,Ifremer) 

ARVOR basic version has a TRL 9 and is recognized as a profiling float for ARGO 
international network meaning continuous production.  

The strict TRL estimate for ARVOR CM is TRL1. It may be easily improved through (i) 
initiating and implementing a risk management program and (ii) in the marketing 
domain, establish performance metrics shared with end users. The ARVOR CM 
inheritates assets tending to TRL 7 coming from the design of the ARVOR basic 
version. 

7  Synthetic view 

a. Limits of the exercise 
The TRL analysis with a simple questionnaire is not a complete study. Functional 
analysis, reliability analysis,… will bring additional input. 
 

b. Trends  

We can see from the first cases that some issues such as safety, client involvement 
and risk analysis are less often treated at an early stage than for instance 
environmental tests. 

We will have to see during the next months if these tendencies are confirmed. 
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c. Special cases 

The TRL analysis performed on a software reveals that many questions are easily 
achieved because developers are used to apply Quality Assurance methods to 
produce software codes. Some questions are not suited for software. Anyway, the 
method of TRL assessment is able to reveal lacks and the estimate of TRL is 
reasonable with respect to the general progress of the development. 

 

8 Discussion on the NEXOS objectives in term of increased readiness 

 

The V-diagram (Table3) shows the serie of steps of development in NeXOS. It is 
suggested to use TRL at several stages: 

- initial evaluation of the state of the art inside the NeXOS consortium as most of 
the developments start after feasibility assessment and aim at increasing TRL. 
This must be estimated by the developers and be considered as a way to 
express their individual objectives during the Project duration. 
 

-  objectives for NeXOS developments as expressed by the DoW can be 
presented in term of TRL increase 

 

- Some ítem in the questionnaire show weak points. If they concern reliability 
thay may be solved with the help of WP3 and WP4. If they concern simulated 
environment, they may be solved with contribution of WP3. If they concern 
validation, they are in the scope of WP8. If they concern demonstration, they 
are in the scope of WP9. If they concern market or relations to clients, they may 
be addressed by WP2 and/or WP1. A plan to solve weak points would help the 
developper. 

 

 

9 Conclusions 

 

The template of TRL estimate is made available in the internal NeXOS intranet web 
pages under WP3 working section. 
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The basis of a metrics of NeXOS technological development using TRL has been 
established. 

The final validation of the method used for TRL will be continued during the second 
part of Task 3.1: 

-  It will be applied to 7 sensor system, software or platform of NeXOS interest. 

-  It will be compared with the market maturity to be addressed by the market 
study in Work package 2 (D2.1 Market Assessment)  

- It will be used by the engineering specifications (D3.2) to establish the target of 
TRL increase for each product. 

 

What NeXOS participants need to know before TRL increase assessment of Task 3.5 is 
performed (due month 39): 

-  the TRL estimate is done on declarative principles. It is neither binding the 
interviewer nor the developer who is interviewed, neither legally nor morally. 

-  the TRL figures will not be published outside the NeXOS consortium without 
acceptance of the developer. If a more strict confidentiality is required by private 
partner, the request will be submitted to the NeXOS TOC. 

- one of the more interesting outcome for the TRL estimate exercise is to identify 
the issues which have not been solved (sometimes simply forgotten). By solving 
them, one or often more TRL levels can be earned.  

 

The 2nd Ordinary Project meeting on April 1st 2014 supported the idea to use the 
present document as a basis to promote a common TRL estimation between the 4 
“intercooperation projects” (NeXOS, SenseOcean, Commonsense, Schema). 

10  Bibliography 

• "NASA technology push towards future space mission systems" (Saden, et. al., 
1989) 

• "Did I Ever Tell You About The Whale? or Measuring Technology Maturity "- 
William Nolte IAP ." 

• GAO, (26 October 1999), Presentation to the S&T Conference on the Transition 
of Technology to Acquisition. 

• GAO, (October 2001), Joint Strike Fighter Acquisition – Mature Critical 
Technologies Needed to Reduce Risk, GAO-02-39. 

• Ralph D.Prien - The future of Chemical in-situ sensor -.Marine Chemistry 107 
(2007) 422–432 

 



 
Deliverable 3.1  

TRL Report 

 

  

 

25 

Doc.Nº: NXS-WP3_D.3.1_-v.2 

Date: 31/03/2014 

Appendix 1 
 

Initial TRL of Recopesca temperature – turbidity 
probe. 
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Appendix 2 
 

Initial TRL of antifouling SnO2 
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Appendix 3 
 

Initial TRL of Seadataview  
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Appendix 4 
 

Initial TRL of Arvor CM 
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