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This PhD research aims to develop advanced thermal management
strategies for electric vehicles using Model Predictive Control (MPC) and Al-
based control. The project will optimize battery and powertrain temperature
regulation, improving energy efficiency, safety, battery lifespan, and vehicle
performance under varying driving and environmental conditions through
adaptive, data-driven control.

Research Area and Objectives

The proposed research focuses on the development of advanced thermal
management and energy optimization strategies for electric vehicles (EVS)
through the integration of Model Predictive Control (MPC) and Artificial
Intelligence (Al)-based control techniques. Efficient thermal regulation of
batteries, electric motors, power electronics, and cabin climate is essential to
enhance vehicle efficiency, driving range, safety, reliability, and component
lifetime.

The main objective is to design intelligent control algorithms capable of
optimally coordinating the thermal subsystems of EVs under varying driving
conditions, environmental factors, and user demands. Model Predictive
Control will be employed to exploit system models and forecast future
operating conditions, enabling optimal control actions while satisfying thermal
and operational constraints. Al techniques, including machine learning and
reinforcement learning, will be investigated to improve model accuracy, adapt
to system uncertainties, predict thermal behavior, and enable real-time
decision-making in complex operating scenarios.

The research will also explore hybrid control architectures that combine
physics-based models with data-driven methods, leveraging the strengths of
both approaches. Digital twins and high-fidelity simulation environments will
be used to develop, validate, and optimize the proposed control strategies
before potential experimental implementation on hardware-in-the-loop or
laboratory test benches.

Expected outcomes include innovative thermal control algorithms that reduce




energy consumption, improve battery health, extend component lifetime, and
enhance overall vehicle performance. The project aims to contribute to the
development of next-generation intelligent energy management systems for
sustainable transportation while addressing key challenges related to
computational efficiency, robustness, and real-time implementation.

Industrial Collaborations

The research activites will be developed in close cooperation with the
companies involved in the corresponding European consortium (AETHER).
The collaboration will enable the validation of the proposed control
methodologies using industrial case studies, real vehicle data, and advanced
simulation platforms, facilitating the transfer of research outcomes into
practical automotive applications and supporting innovation in electric
mobility technologies.

1) Longitudinal and lateral vehicle dynamics
2) Advanced predictive control
3) Al-based control




