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I. INTRODUCTION

After many years of collaboration between the partner establishments of this project, and in particular between UTC and UL since 1997, the international IRP ADONIS project aims to consolidate and perpetuate this collaboration, to widen its scope to new research themes , and to increase its attractiveness and visibility. This research project focuses on the diagnosis and intelligent control of systems. In fact, systems (industrial, biomedical, civil, transport infrastructure, etc.) are becoming more and more complex and vulnerable to faults, defects and failure in the operation of components, equipment and controllers. This can have serious, undesirable consequences, such as damage to equipment.

They can then represent a threat to human lives, for the environment and can have harmful consequences on the economy. In addition, due to the complexity of the systems, the The objectives of this project in diagnosis and intelligent control allow to respond to the various constraints to which modern systems are subject: to be able to operate for an increasingly long period, while respecting several criteria on safety, efficiency and respect of the environment.

In this context, the research work of IRP ADONIS, in collaboration between the French and Lebanese teams, revolves around two theoretical axes, and three engineering fields, as presented in Figure 1.

Various themes are studied within the framework of this project, at the intersection of these axes of research and the mentioned engineering fields. Several of these themes address economic and ecological issues, as well as system safety, and will be mentioned later. This different researches in different fields rely heavily on technological platforms, with partners in France and Lebanon (Fig. 2). 

II. IRP ADONIS RESEARCH TOPICS

Several research themes are studied around biomedical systems, in collaboration between the BMBI laboratory and the UL, such as the following:

• Reliable and early diagnosis of preterm birth [START_REF] Bader El Dine | Uterine synchronization analysis during Pregnancy and Labor using graph theory, classification based on neural network and deep learning[END_REF].

• Inverse methods applied to HD-EMG signals for the study of neuromuscular aging [START_REF] Berro | Retrieving motor unit depth using inverse approach on HD-sEMG signals[END_REF]. • Processing and analysis of the HRV signal for e-health applications [START_REF] Benchekroun | Random Forest-based Algorithm for Stress Detection from ECG and PPG signals[END_REF]. On the other hand, several themes dealing with safety, security, control and diagnosis, with various applications including robotic systems and transport systems, are developed between the Heudiasyc laboratory and UL. Below are some of these research topics:

• Intelligent, reliable and secure systems for the management of emergency and crisis situations. IoT (Internet of Things) networks are considered for crisis management in the medical field (monitoring of patients) and in the railway field (monitoring of fires or passenger incidents).

• Decision architecture and trajectory planning for autonomous electric vehicles, with energy reduction [START_REF] Said | Local trajectory planning for autonomous vehicle with static and dynamic obstacles avoidance[END_REF]. The decision in a multi-vehicle system aims to save energy and to ensure the safety and manage some complex driving maneuvers. • Fault tolerance of UAV systems [5][6].

• Early diagnosis of industrial machines to detect mechanical defaults. • Optimization of the availability of multi-state systems in the presence of random and epistemic uncertainties, to choose the best configuration for the system in terms of availability, cost and inaccuracy [START_REF] Sallak | An Interval Approach for the Availability Optimization of Multi-State Systems in the Presence of Aleatory and Epistemic Uncertainties[END_REF]. In addition, themes around electrical machines, batteries and power electronic systems are studied between the Roberval laboratory and UL, including:

• Mechanical and thermal modeling of a synchroreluctant machine for a vehicle application [START_REF] Kleilat | Comparison of Two Analytical Methods for Calculating the Maximum Mechanical Stress in the Rotor of High-Speed-Assisted Synchronous Reluctance Machines[END_REF]. • Development and implementation of a state-of-charge observer for a Li Ion battery on a real-time FPGA calculator.

• Study of the interaction of static converters on a shared DC bus [START_REF] Patin | Study of interleaved PWM strategies applied to two back-to-back three-phase full bridges[END_REF]. • Non-contact temperature measurement method, integrated in the rotor of a rotating machine, using fiber Bragg gratings [START_REF] Abboud | Local Temperature Monitoring Method of a Rotor Using Near-Infrared Fiber Bragg Grating[END_REF]. • Temperature mapping inside a rotating machine based on fiber optic sensors. 
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