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Technology Readiness Levels

Safran Tech – DST - MATD  / 04/12/2024

Technology Readiness Levels (TRLs) is framework for estimating the maturity of technologies during the 

acquisition phase of a program.

• Introduced during the 1970s by the NASA.

• Has been used by the US Department of Defense since the early 2000s.

• Has been used by European Space Agency since 2008.

• Has been advised in 2010 by the European Commission 

for research and innovation projects.

Technology Readiness Level (TRL) scale levels applied to 

ESA's Technology Programmes
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Technology Readiness Levels – Safran Evaluation Grid

Safran Tech – DST - MATD  / 04/12/2024

TRL Levels

Axis

Sub-axis
Criterions
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Technology Readiness Levels – Safran Evaluation Grid

Safran Tech – DST - MATD  / 04/12/2024

Axis I. ABILITY TO CONCEIVE

Objective: Transform scientific and technological knowledge into engineering science capable of enabling controlled development using this 

technology.

Sub-Axis I.1 MASTERY OF SCIENTIFIC CONCEPTS

Objective: The scientific concepts necessary for mastering the technology are identified. No unacceptable risk for future development 

(design, industrialization, and support preparation) is left in the dark

TRL 1 TRL 2 TRL 3 TRL 4

• The physical concepts used

in the technology are listed, 

understood, and reviewed by an 

expert in the field.

• The analysis of the state of 

the art (related work) on the 

technology and associated 

concepts is formalized.

• The necessary missing 

knowledge is identified.

• Relevant competent external 

laboratories to fill these gaps 

are identified.

• The knowledge acquisition 

program is established.

• The knowledge acquisition 

program is sufficiently 

developed to allow validation 

of important parameters, 

calculations, and modeling.

• The initial scientific knowledge 

acquisition program is 

completed.

• The tests are capitalized on 

and the validity domain is 

verified.

• The complementary

knowledge acquisition program 

is established if needed.



This document and the information therein are the property of Safran. They must not be copied or communicated to a third party without the prior written authorization of Safran

5 Safran Tech – DST - MATD  / 04/12/2024

TRL Levels

Axis

Sub-axis
Criterions

At Safran Tech:

• 4 TRL levels.

• 4 axis.

• 17 sub-axis.

• 108 criterions.

Technology Readiness Levels – Safran Evaluation Grid
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Challenges:

• Numerous TRL criterions to statisfy/evaluate: 108 citerions in total for to validate TRL 4!

• TRL grid designed for physical systems and difficult to interpret for algorithmic systems. E.g. The 

physical concepts used in the technology are listed, understood, and reviewed by an expert in the field.

• Fuzzy criterions that require interpretation. E.g. Are the objectives of the important parameters (including 

the domain of validity) validated?

➢ Solution:

TRampLin
Technology Readiness assessment and 

maturation process for Leveraging 

innovation and new technologies

Technology Readiness Levels – Safran Evaluation Grid
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• TRampLin is a tool developed by Safran Tech to automatically evaluate TRL reports. It serves three 

main purposes:

▪ Assisting authors in writing TRL reports,

▪ Helping reviewers in evaluating TRL criterions,

▪ Aim to provide a more objective evaluation of TRLs. 

Inputs: 

Technical documents

(.docx, .pdf, .pptx, etc)

Output: 

TRL Evaluation Report

(scores + justifications)

TRampLin

TRampLin
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• TRampLin is a tool developed by Safran Tech to automatically evaluate TRL reports. It serves three 

main purposes:

▪ Assisting authors in writing TRL reports,

▪ Helping reviewers in evaluating TRL criterions,

▪ Aim to provide a more objective evaluation of TRLs. 

• Large Language Models (LLMs) are already popular in Automated Essay Scoring (AES) [1].

• ICLR 2025 used for the first time an automated tool based on LLMs to assist reviewers by evaluating 

the quality of their reviews !

TRampLin

[1] Li, Shengjie, and Vincent Ng. "Automated essay scoring: Recent successes and future directions." Proceedings of the 33rd International Joint Conference on Artificial Intelligence, Jeju, 

Republic of Korea. 2024.
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• TRampLin adopts a Retrieval Augmented Generation (RAG) approach [2].

• RAG approach: for a given query, it uses a LLM to generate an answer based on informations retrieved from external 

documents.

• RAG Pipeline is divided into 3 steps: Ingestion, Retrieval and Synthesis.

TRampLin

[2] Lewis, Patrick, et al. "Retrieval-augmented generation for knowledge-intensive nlp tasks." Advances in Neural Information Processing Systems 33 (2020): 9459-9474.

Source 

https://learn.deeplearning.ai/courses/building-evaluating-advanced-rag/lesson/e8xng/advanced-rag-pipeline
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TRampLin – RAG Architecture

EmbeddingQuestion/

Instruction

7.2 2.3 6.8 …

TRL Citeria

5 6

Inputs:  

Technical Documents

Vectore Database 

2 3 4

Chunking/

transformation

1

Text Extraction Embedding Indexation

0.1 1.3 2.8

5.4 7.1 9.4

7.2 2.3 6.8 ...

Retrieval

Large Language 

Models

Output: 

Criteria Evaluation      /     

+ justification

7

8
Retrieval

Strategy: Evaluate TRL criteria per TRL criteria.

Ingestion

Synthesis
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8

Large Language 

Model
Output:       /       + justification

Inputs: 

k chunks

TRampLin – Large Language Models

Model: GPT-4o.

Documents: TRL 2: Survival Methods with Longitudinal Data (2 .docx, 4 .pdf, 2 .pptx).

Prompt: You are a technological readiness level (TRL) evaluator for the criterion {trait_name}. {trait_description} You will need to answer a 

question defined in <question></question> based on information contained in a context defined in <context></context>. It is possible that the 

information has already been pre-evaluated by experts in the field, but the objective is to conduct an independent and justified evaluation. 

Given that your response is addressed to a non-expert in the field, it is crucial to provide detailed reasoning for each step of the evaluation. 

Check if the required information is present and correctly described in the given context. If the information in the documents is present, cite

it and answer each question with clear and concise justification. If you are unable to answer a question using the information from the 

documents, say so and begin your answer with "No, ". If you have successfully answered the question, begin your answer with "Yes, ". 

Provide detailed justification for each of the answers.
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Axis TRampLin SecureGPT

MASTERY 

OF 

SCIENTIFIC 

CONCEPTS

**Question**: Are the necessary missing knowledge identified?

**Answer**: Yes, the necessary missing knowledge is identified in the 

document "Document 

01_Dossier_TRL2_AnalyseSurvie_DonneesLongitudinales_versionfi

nale.docx". According to the document, there are two points of 

missing knowledge identified:

1. A necessary deeper understanding of joint models, which allow 

the prediction of survival curves from longitudinal data by 

distinguishing between endogenous and exogenous data.

2. The different cost functions used by deep learning methods in 

survival analysis, depending on the evaluation metric to be optimized.

This information is present in the “MASTERY OF SCIENTIFIC 

CONCEPTS" section of the document, more specifically in the "NEW 

ELEMENTS" paragraph. References to documents VEIL-013048 and 

VEIL-016640 are also provided for more details on this missing 

knowledge.

**Sources**: 

01_Dossier_TRL2_AnalyseSurvie_DonneesLongitudinales_versionfi

nale.docx.

**Question**: Are the necessary missing knowledge identified?

**Réponse**: Yes, the documents clearly identify the necessary 

knowledge gaps. For example, specific challenges such as 

managing missing data, noise in longitudinal data, and limitations 

related to the availability of real data are well documented.- 
Sources:

- {{2887332b-40cf-4d0f-9987-1e85c26dbfd0:58b53403-e97e-45da-

b58e-08d6468e7ad6}}

- {{2887332b-40cf-4d0f-9987-1e85c26dbfd0:4f678adb-dd04-4738-a9f3-

213810181435}}

A more detailed justification with sources!

TRampLin – Criteria Evaluation
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Axis TRampLin SecureGPT

MASTERY 

OF 

SCIENTIFIC 

CONCEPTS

**Question**: Are competent and relevant external laboratories identified 

to fill these gaps?

**Answer:** Yes, competent and relevant external laboratories to 

address the identified gaps are identified in the document. Specifically, 

the document mentions that as part of a PhD thesis on the subject, a 

collaboration has been established with INSA Rennes (Jean-François 

Dupuy & Valérie Gares). Additionally, the document indicates that the 

CILVR laboratory at NYU, the MRC laboratory at Imperial College, 

and the Munich Center for Machine Learning in Munich are also 

interesting prospects for future collaborations. This information is present 

in the "NEW ELEMENTS" section of the document 

01_Dossier_TRL2_AnalyseSurvie_DonneesLongitudinales_versionfinale.

docx.

**Sources**: 

01_Dossier_TRL2_AnalyseSurvie_DonneesLongitudinales_versionfinale.

docx, CRR-014052.docx.

**Question**: Are competent and relevant external laboratories 

identified to fill these gaps?

**Réponse**: Yes, the documents mention collaborations with external 

entities such as Safran Tech and the PlanCO2 DGAC project. This 

suggests the involvement of competent external laboratories and 

experts to address identified gaps.- Sources:

- {{2887332b-40cf-4d0f-9987-1e85c26dbfd0:f6a287c3-c4fa-4e61-9067-

97d2afbce726}}

- {{2887332b-40cf-4d0f-9987-1e85c26dbfd0:2c0a3a0f-2f2e-4fe7-9b36-

d8dcb2d90661}}

Detailed and correct justifications with sources!

TRampLin – Criteria Evaluation
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Axis TRampLin SecureGPT

TECHNOLOGY 

REQUIREMENTS 

SPECIFICATIONS 

FOR TARGET 

APPLICATION 

DOMAINS

**Question**: Are the needs of higher-level assemblies in the 

formulated application domains identified and broken down into 

technology requirements specifications (including specifications and 

interfaces)?

**Answer:** Yes, the needs of higher-level assemblies in the 

application domains are identified and broken down into technology 

requirements specifications in the document.

The necessary information can be found in the document. According 

to the document, the technology under study aims to replace the 

"Time on Wing Model" component in an existing higher-level 

assembly for predicting maintenance schedules and future cost 

planning. The predictions provided by the technology concern the 

remaining lifespan of each engine and the most likely cause of 

associated maintenance. It is mentioned that this technology will be 

integrated into an existing process and will require the inclusion 

of the developed model in place of the existing TOW component. 

This implies that the technology requirements specifications must be 

defined according to the existing interface. However, the precise 

technical specifications of this interface are not provided in the 

document. Therefore, while the needs of higher-level assemblies are 

identified and broken down into technology requirements 

specifications, the detailed technical specifications of the interface 

are not provided in the document.

**Sources**: 

01_Dossier_TRL2_AnalyseSurvie_DonneesLongitudinales_versionfi

nale.docx.

**Question**: Are the needs of higher-level assemblies in the 

formulated application domains identified and broken down into 

technology requirements specifications (including specifications and 

interfaces)?

**Réponse**: No, the documents do not provide sufficient information 

to confirm that the needs of higher-level assemblies in the formulated 

application domains are identified and translated into technology 

requirements specifications (specifications and interfaces).

Justification: The documents mention general needs and technical 

challenges related to Remaining Useful Life (RUL) prediction, but they 

do not sufficiently detail how these needs are translated into precise 

technical specifications and interface specifications.

Sources:

- {{2887332b-40cf-4d0f-9987-1e85c26dbfd0:f6a287c3-c4fa-4e61-

9067-97d2afbce726}}

- {{2887332b-40cf-4d0f-9987-1e85c26dbfd0:2c0a3a0f-2f2e-4fe7-

9b36-d8dcb2d90661}}

TRampLin – Criteria Evaluation

Validate the criteria with a 

correct justification!
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Axis TRampLin SecureGPT

TECHNOLOGY 

REQUIREMENTS 

SPECIFICATIONS 

FOR TARGET 

APPLICATION 

DOMAINS

**Question**: Are the needs of higher-level assemblies in the 

formulated application domains identified and broken down into 

technology requirements specifications (including specifications and 

interfaces)?

**Answer:** Yes, the needs of higher-level assemblies in the 

application domains are identified and broken down into technology 

requirements specifications in the document.

The necessary information can be found in the document. According 

to the document, the technology under study aims to replace the 

"Time on Wing Model" component in an existing higher-level 

assembly for predicting maintenance schedules and future cost 

planning. The predictions provided by the technology concern the 

remaining lifespan of each engine and the most likely cause of 

associated maintenance. It is mentioned that this technology will be 

integrated into an existing process and will require the inclusion 

of the developed model in place of the existing TOW component. 

This implies that the technology requirements specifications must be 

defined according to the existing interface. However, the precise 

technical specifications of this interface are not provided in the 

document. Therefore, while the needs of higher-level assemblies are 

identified and broken down into technology requirements 

specifications, the detailed technical specifications of the interface 

are not provided in the document.

**Sources**: 

01_Dossier_TRL2_AnalyseSurvie_DonneesLongitudinales_versionfi

nale.docx.

**Question**: Are the needs of higher-level assemblies in the 

formulated application domains identified and broken down into 

technology requirements specifications (including specifications and 

interfaces)?

**Réponse**: No, the documents do not provide sufficient information 

to confirm that the needs of higher-level assemblies in the formulated 

application domains are identified and translated into technology 

requirements specifications (specifications and interfaces).

Justification: The documents mention general needs and technical 

challenges related to Remaining Useful Life (RUL) prediction, but they 

do not sufficiently detail how these needs are translated into precise 

technical specifications and interface specifications.

Sources:

- {{2887332b-40cf-4d0f-9987-1e85c26dbfd0:f6a287c3-c4fa-4e61-

9067-97d2afbce726}}

- {{2887332b-40cf-4d0f-9987-1e85c26dbfd0:2c0a3a0f-2f2e-4fe7-

9b36-d8dcb2d90661}}

TRampLin – Criteria Evaluation

Main difference between TRampLin and SecureGPT: 

the Information Retrieval (IR) block!
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1. Raw Text Extraction: need to maintain the structure of the document, deal with heterogeneity of documents 

/tables/mathematic formulae/images, remove noisy information (headers & footers).

2. Chunking/transformation : different chunking strategies (naive, semantically, hierarchical…) & transformation strategies 

(summaries generation, hypothetical questions generation…).

3. Embedding : find an embedding adapted to the database & the computational ressources.

4. Question / Instruction: query rewriting, subquestions decompositions, etc

5. Retrieval strategy : bi- versus cross-encoding strategies, post-processing (e.g., with a reranker).

TRampLin – Information Retrieval (IR)
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Metrics NV-Embed-V2 BGE-Gemma2 Text-Embedding-v3

Average Recall@k 0.91 0.54 0.87

MRR 0.86 0.48 0.71

MRRL 0.60 0.27 0.54

MCRR 0.81 0.42 0.72

IR Evaluation:

• Results: NV-Embed-V2 (Nvidia) > Text-Embedding-v3 (OpenAI) > BGE-Gemma2-multilingual (Google).

 

• Surprising because BGE-Gemma2-multilingual is the best embedding for french texts according to the MTEB 

leaderboard.

TRampLin – IR Evaluation

https://huggingface.co/spaces/mteb/leaderboard
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Results for NV-Embed-v2.
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Metrics Summaries (fr) Summaries (en) Hypothetical 

Questions (fr)

Hypothetical 

Questions (en)

Average Recall@k 0.71 0.77 0.74 0.69

MRR 0.69 0.39 0.75 0.67

MRRL 0.48 0.30 0.52 0.47

MCRR 0.67 0.40 0.71 0.63

IR Evaluation:

• IR performance depends on the transformation of chunks.

• Transformations tested: generation of English / french  summaries, english / french hypothetical questions.

• Translate documents does not improve performance on this task.

TRampLin – IR Evaluation
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▪ Research Axis / Challenges:  

• Iterative RAG, reasoning, post-processing to check citations and references.

• Prompting (e.g., to better interpret the TRL grid).

• LLMs adapted for industrial data (e.g. with « fine-tuning »).

• LLM architecture (e.g., Mixture of Experts).

• Hallucination Detection.

• « Knowledge Conflict » (external versus internal knowledge).

TRampLin – Perspective

TRampLin
Technology Readiness assessment and 

maturation process for Leveraging 

innovation and new technologies
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Axis TRampLin

MASTERY 

OF 

SCIENTIFIC 

CONCEPTS

**Question**: Are the necessary missing knowledge identified?

**Answer**: Yes, the necessary missing knowledge is identified in the 

document "Document 

01_Dossier_TRL2_AnalyseSurvie_DonneesLongitudinales_versionf

inale.docx". According to the document, there are two points of missing 

knowledge identified:

1. A necessary deeper understanding of joint models, which allow the 

prediction of survival curves from longitudinal data by distinguishing 

between endogenous and exogenous data.

2. The different cost functions used by deep learning methods in 

survival analysis, depending on the evaluation metric to be optimized.

This information is present in the “MASTERY OF SCIENTIFIC 

CONCEPTS" section of the document, more specifically in the "NEW 

ELEMENTS" paragraph. References to documents VEIL-013048 and 

VEIL-016640 are also provided for more details on this missing 

knowledge.

**Sources**: 

01_Dossier_TRL2_AnalyseSurvie_DonneesLongitudinales_versionf

inale.docx.

TRampLin – Perspective

Correctly validates the criterion...

...nevertheless, isn't he just rephrasing the 

arguments from the TRL report document?
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▪ Research Axis / Challenges:  

• Iterative RAG, reasoning, post-processing to check citations and references.

• Prompting (e.g., to better interpret the TRL grid).

• LLMs adapted for industrial data (e.g. with « fine-tuning »).

• LLM architecture (e.g., Mixture of Experts).

• Hallucination Detection.

• « Knowledge Conflict » (external versus internal knowledge).

TRampLin – Perspective

Example of non-explicit criteria verification with SecureGPT:

**Question**: Are the objectives of important parameters validated, 

including the domain of validity?

**Answer:**  No, Although the documents mention the objectives of 

important parameters and explore the domains of validity, they do not 

provide explicit evidence of formal validation of these objectives. 

Evaluation metrics such as Mean Squared Error (MSE), Integrated Brier 

Score (IBS), and Concordance Index (CI) are used, but details on the 

formal validation of these parameters are lacking.
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▪ Research Axis / Challenges:  

• Iterative RAG, reasoning, post-processing to check citations and references.

• Prompting (e.g., to better interpret the TRL grid).

• LLMs adapted for industrial data (e.g. with « fine-tuning »).

• LLM architecture (e.g., Mixture of Experts).

• Hallucination Detection.

• « Knowledge Conflict » (external versus internal knowledge).

TRampLin – Perspective

TRampLin
Technology Readiness assessment and 

maturation process for Leveraging 

innovation and new technologies
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Thank you for your attention !

TRampLin
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RAG Evaluation is very difficult.

• Lack of metrics to evaluate the RAG performance.

• Need to create specific dataset.

Chunk 1 Chunk 2 Chunk 3 Chunk 4 Chunk N….
Ideal Order

Chunk 2 Chunk 1Chunk 4 Chunk 3 Chunk N….Predicted Order

Question:  Are the physical concepts used in technology listed, understood, and reviewed by an expert in the field?

1 2 3 4 N

TRampLin – IR Evaluation
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• Creation of a small dataset with criterions / relevant chunks.

• Metrics used: 

• Recall@k = 
1

|𝑄|
 σ𝑖=1

|𝑄| #(𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑐ℎ𝑢𝑛𝑘𝑠 ∩ 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑐ℎ𝑢𝑛𝑘𝑠) 

#𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑐ℎ𝑢𝑛𝑘𝑠

• Mean Reciprocal Rank MRR = 
1

|𝑄|
 σ𝑖=1

|𝑄| 1

𝑟𝑎𝑛𝑘𝑖
, where 𝑟𝑎𝑛𝑘𝑖 denotes the rank of the first relevant chunk for the i-th

query.

• Mean Reciprocal Rank Last MRL = 
1

|𝑄|
 σ𝑖=1

|𝑄| 1

𝑟𝑎𝑛𝑘𝑖′
, where 𝑟𝑎𝑛𝑘𝑖  denotes the rank of the last relevant chunk for the i-

th query.

TRampLin – IR Metrics


	Slide 1
	Slide 2: Technology Readiness Levels
	Slide 3: Technology Readiness Levels – Safran Evaluation Grid
	Slide 4: Technology Readiness Levels – Safran Evaluation Grid
	Slide 5: Technology Readiness Levels – Safran Evaluation Grid
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

