            		                   [image: ]
Project 2: AI platform for visual anomaly detection on linear assets
New Project

Strategy: Which aspects of the Innovation Strategy are tackled with this project?
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Related Projects:  BVLOS drones testing and implementation


1. Project Overview

· Abstract: 
This project aims at exploring in a collaborative way the development of a database that enables automatic analysis and AI applications for visual anomaly detections, as a start, on overhead line components.
As it is known by now, Elia has put quite some effort in the past years in introducing innovative remote technologies like BVLOS and VLOS drones, robots and other visual data capturing technologies. Those new technologies are now providing a lot of data (namely pictures) which need to be analyzed in order to provide the right insights we are looking for. In previous projects as mentioned above the focus has been on testing and assessing the hardware capabilities, business case development and regulation around such remote tech, while the analysis part has been mainly left to third party companies to develop and evaluate. 
[image: ]Looking to a future where we introduce at scale such remote technologies, we might want to leverage the synergies of the different data capturing technologies, combine different tech, and focus on understanding the analysis, its output, the effort required, and in some cases even develop ourselves such capabilities where it makes sense.








	Figure 1: Concept of how remote tech implementation might look like in the future. Applicable not only to Elia. 
Furthermore, from the developments of third-party companies in regard to such AI, it is understood that the maturity of the models is not there yet, and a big reason for such lack of maturity is a) complexity of images to analyze and many various anomalies to detect in one image and b) lack of data for ‘interesting’ cases where damages are observed.
This project is a first step towards increasing the understanding on the AI and automatic analysis part of pictures (as a starting point on RGB images on overhead line component), the required effort in dealing with high quantity of pictures (hence the database concept) and finally the accuracy that can be achieved in a short time frame with such AI models. The objective would be a database that enables automatic detection and categorization of pictures, while today a lot of manual work is performed to do that.   
To achieve such an objective, we envision collaborating with other TSOs and partners from our Cross Industry Ecosystem (APG, REE, Swissgrid, Vinci, Edis, SBB) that are in similar situation as ours and are assessing the different strategies of handling such data and AI. 
A preliminary architecture of what will be developed within the frame of this project is visualized below:
*Confidential*

The exploration starts with one asset class: OHL and two sub-components and their anomalies: a) insulators and b) conductors. All partners will gather and share pictures in a large data-pool of such asset classes with particular interest on ‘anomaly’ pictures in order to be able to develop and train some basic models. As a starting point the purpose of such common database is not to envision a common TSO database for operational use, but rather only for enhancement of data availability and training purpose. The end results of each of the work packages will then be used locally by each member. A follow up with a bigger common database initiative might be explored later on, if a first MVP is successful and if the first results show potential.  

· Innovative Character of the project: 
While the individual AI models for such visual anomaly detection exist and have been developed by third party supplier operating in such environment, what is missing is: a) an overarching view of all of them b) an evaluation on how they differ per anomaly that they detect c) a mechanism in place on how to continue training and improving them without huge amount of data available and d) an understanding of how to handle storage of such large amount of data, that are pictures. 
This project explores the missing pieces of the puzzle which add quiet complexity in implementing such a vision and re-opens previous investigations that Elia has done in this regard but that have not yielded successful development of a concept. 
We also recognize and are aware that other TSOs and asset managers with similar infrastructure are exploring remote technologies for inspection. However, to date, we have no information that any of them have implemented an end-to-end system in this regard, whether it is per fleet, or across different asset fleets, on system base. As such, we consider this to be still low maturity and further work required to bring it to life.

2. Expected impact on the Belgian consumer 

Describe the impacts that your project will have on the Belgian consumer. These can be qualitative and preferably quantitative where possible. Allocate the expected impacts into 3 categories and rate the overall impact score from 1 to 10. 
· Affordability: 
· As an alternative to the approach of a common database developed together with other members, own development by each asset manager or externalization of such service to third parties is possible.  We see great benefits in a common database approach especially the increase in efficiency as noted below: 
· 5-fold availability of training data – for increased accuracy, precision and recall of AI models 
· 80% reduction of development costs of AI models due to shared costs 
· Faster development due to acceleration through incorporation of previous experience
· No vendor lock in effect 
The above benefits are translated to higher affordability for end consumers as general inspection and maintenance costs would decrease even further if these levels of automation are achieved. To what extent this decrease is feasible is impossible to quantify at this stage as it depends on success rate, partial or full scale up possibility and business model behind it. 
· Sustainability: 
· Successful data handling and analysis of remote technologies is a key enabler of implementing drones and other remote tech for inspection activities. If this data handling is not adding value to the asset management activities, then this might become a blocker for roll out of drones and hence decrease positive environmental impact that such replacement of helicopter inspection (reduction of pollutions and noise) might have. 

· Security of Supply:  
· Increase inspection efficiency and quality by remote and automatized technologies is only possible if enabled by proper handling of the high data amounts, analysis and accurate output of such analysis. Only in this way are we able to maximize the use of remote technologies, avoid maintenance outages and accurately monitor the grid to avoid failures. 

3. State of the Art & Starting point Elia 

· Describe here the most recent stage in the development within this domain. This can refer to an academic paper or similar studies, technologies, ideas, or projects already implemented with peers or other industries.
See last question of this section.
 
· Describe how the project aligns with other (European) Initiatives such as TYNDP, REPowerEU, etc. 
Directly linked with developments on remote technology regulation at local level (Belgium) and EU level. This is particularly the case for drones.  



· What are the main risks & uncertainties to deliver this project successfully? 
Main difficulty and risk lie on the standardization aspects and common agreement of the taxonomy. The difference between the different partners in such a project might be too big to produce a database that fits everyone’s minimum viable product. 

· Where does Elia stand today? Where do we want to arrive? (link to Innovation Phase or TRL) 
At the moment, Elia stands at the starting point of implementing remote technologies. With more of such technologies introduced in the future and more scaling up of individual tech, the more pressing the issue of handling the data generated by these technologies will become. It is inefficient and might trigger a lot of ‘vendor locking’ if for every individual remote technology and for every payload, a supplier is contracted to analyze specific datasets.  
By exploring the possibility of the common database approach, we create possibilities for Elia to learn how to handle architecturally such data, and also create synergies between different AI data modelling used. For example, an AI model for damage detection of pictures on pylons could be re-used for another damage in substation pictures. By externalizing completely to these services, we are not able to make use of synergies across fleets, creating inefficiencies. This project is a first step towards increasing awareness and understanding whether the effort required is higher or lower than the benefits of synergies. 

4. Hypotheses & Project Planning with Work Packages 

· Define the key hypotheses that need to be validated with this project

	N°
	Description hypothesis

	1
	Assess feasibility of combining RGB images captured from different technologies (VLOS drones, BVLOS, helicopter, etc.) 

	2
	Minimum availability of existing pictures and data is enough for a first draft of training and testing data of algorithm

	3
	Minimum accuracy detection threshold is reached for anomalies selected 

	4
	Expansion towards other asset classes is possible (tower, conductor etc.) 

	5
	Prove feasibility of common database (architecture & operating model) and federative learning usefulness



· Provide a roadmap with a description and timing of the work packages & key milestones

WP 1: Establish database MVP Objective: Build an image database with basic functionalities and 3.000+ images of insulator components including 600+ images with defects. Delivery time: end Q1 2024
Work Streams:
· Describe requirements (user stories) & design database
· Taxonomy & AI-model backlog
· Collect & process images
· Build database MVP

Deliverables: 
· D1.1: Proof of concept of common database for insulator established pipeline concept and digital demo of platform functionalities.
· D1.2: Annotated pictures database

WP 2: Develop database & explore AI models
Objective: Build the first AI-model for recognition of insulators and their anomalies. Further development of database with regard to images and functionalities. Delivery time: end Q3 2024
Work Streams:
· Build AI MVP model for component insulator identification and anomaly detection
· Further development of database
· Collect & process images
· Build first AI model for fault type prediction

Deliverables: 
· D2.1: Minimum viable AI-model that detects and marks isolators and their anomalies (digital demo of platform)
· D2.2: Architecture for future AI models that detect other fault types
· D2.3: Enlarged pool of up to 6.000 images (some examples from the pool of images collected and annotated will be shown)

WP 3: Build & Improve further AI models 
Objective: Enlarge the image database with two further components and train AI-models for these. Delivery time: Q1 2025
Work streams:
· Image collection & AI-model for further component x
· Image collection & AI-model for further component y
· Further development and optimization of database
· Planning and implementation of the operation phase

Deliverables:
· D3.1: Report with an analysis on improved detection algorithms for isolators
· D3.2: AI models for two more components (digital demo of platform) 
· D3.3: Optimized isolator model and database functions
· D3.4: Enlarged pool across different components of up to 30.000 images. Some examples from the pool of images collected and annotated will be shown.

WP 4: Experimental approach with Federative Learning 
· Towards an open-source platform and Federative Learning approach to maintain common database in an ecosystem set-up. Delivery time: Q2 2025

Deliverables:
· D4.1: Feasibility study and concept on using federative learning for maintaining database in a secure way 
· D4.2: Publication of an article regarding the progress report on Elia’s Group Innovation website. 

5. Deliverables 

Please complete the table below with an explanation and add project specific deliverables. 
	Deliverables
	Database Concept
	AI model(s)
	Common Taxonomy
	Communication/
Minutes/ Pictures/Video
	Report
	Expected Timing

	WP1: PoC database and annotated pictures database
	x
	
	x
	x
	
	Q1 2024

	Explanation: The PoC database MVP is composed of an architectural concept and we will have a first dataset of annotated pictures.  

	WP2: 
· AI model(s) for insulator identification
· AI model(s) for fault type
· Enlarged pool of up to 6.000 images
	
	x
	
	x
	
	Q2-Q3 2024

	Explanation: These will be the first versions of the software developments

	WP3: 
· Improved algorithm detection report 
· AI model(s) improvements for additional components
· Optimization isolator model & database functions
· Enlarged pool of up to 30.000 images
	
	x
	
	x
	
	Q1 2025

	Explanation: Here we improve the first versions and determine the requirements for implementation.

	WP4: Feasibility study on federative learning & publication on Elia’s Innovation website
	
	
	
	x
	x
	Q2 2025

	Explanation: This will be a report to verify the feasibility of using federative learning as an AI technique for this database.



6. Budget

*Confidential*

7. Partners

List (with bullet points) the partners that are involved in the project. These can be Universities, other TSOs, DSO’s, public companies, private companies, governmental agencies, etc.  
*Confidential*
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8. Allocated Incentive (to be completed by the CREG)

The allocated Innovation incentive for this project is … € or … % of this year’s Innovation project portfolio. 
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