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Abstract - Hydrogen Fuel Cell Electric Vehicles (FCEVs) are 

critical to zero-emission mobility, yet their adoption is 

hindered by safety concerns, infrastructure gaps, and system 

complexity. While traditional research focuses on chemical and 

mechanical improvements, this paper argues that the future of 

hydrogen mobility lies in Cyber-Physical Intelligence. We 

propose an integrated framework leveraging Artificial 

Intelligence (AI), Digital Twins (DT), and Edge Computing to 

optimize fuel cell efficiency, automate leakage detection, and 

manage smart refueling infrastructure. By transitioning from 

purely mechanical systems to intelligent, data-driven 

architectures, we demonstrate how computational 

advancements can enhance the safety, reliability, and 

scalability of the global hydrogen ecosystem. 
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1. INTRODUCTION 

The global transition toward sustainable transportation has 

positioned Hydrogen Fuel Cell Electric Vehicles (FCEVs) 

as a primary alternative to battery-electric systems, 

particularly for long-haul and heavy-duty applications. 

Despite offering high energy density and rapid refueling, 

FCEVs face non-trivial challenges: non-linear fuel cell 

degradation, extreme-pressure storage risks, and a 

fragmented refueling network. 

Current literature is predominantly focused on material 

science (e.g., catalyst efficiency). However, a significant 

Research Gap exists in the application of Intelligent 

Systems to manage the real-time operational complexities of 

hydrogen power. This paper shifts the focus toward a 

Computer Science perspective, treating the FCEV as a 

complex "Internet of Vehicles" (IoV) node capable of 

autonomous optimization and predictive safety. 

 

2. PROPOSED INTELLIGENT ARCHITECTURE 

2.1 AI-Driven Fuel Cell Management 

Traditional controllers use static look-up tables which 

cannot account for real-time environmental variables. 

 

• Proposed Advancement: Implementation of Deep 

Reinforcement Learning (DRL) controllers. These 

agents analyze real-time data from stack temperature, 

humidification, and air-intake sensors to dynamically 

adjust the oxygen-hydrogen stoichiometry. 
• Target Outcome: A 15–20% increase in stack 

efficiency and a significant reduction in platinum 

catalyst degradation. 
 
2.2 Digital Twin (DT) for Life-Cycle Management 

By creating a high-fidelity Digital Twin synchronized via 

5G, manufacturers can monitor the physical state of a 

vehicle in a virtual environment. 

• Application: Using Physics-Informed Neural 

Networks (PINNs) within the DT to simulate 

molecular-level hydrogen diffusion, allowing the 

vehicle to predict structural fatigue in high-pressure 

tanks before micro-fractures occur. 
 
2.3 Multi-Modal Sensor Fusion for Leakage 

Detection 

Hydrogen’s low molecular weight makes it prone to leaks 

that are difficult to isolate. 

• Technological Shift: Moving from single-gas sensors 

to a Fusion Model combining: 
o Acoustic Emission Sensors: To detect the high-

frequency "hiss" of pressurized gas. 
o Infrared Spectrophotometry: For optical detection. 
o Edge AI Inference: Processing these signals locally on 

the vehicle's ECU to trigger millisecond-level isolation 

valve shutdowns. 
 

3. SMART INFRASTRUCTURE AND CONNECTED 

MOBILITY 

 
3.1 Smart Hydrogen Refueling Stations (SHRS) 

Refueling stations must transition from passive pumps to 

IoT-Edge Hubs. 

• Blockchain Integration: Using Smart Contracts to 

verify green hydrogen certificates (proving the 

hydrogen was produced via renewables) and automate 

micro-payments without human intervention. 
• Pressure Synchronization: Edge AI at the station 

communicates with the vehicle’s Digital Twin to 

calculate the optimal SOC (State of Charge) and 

pressure ramp-up rate, preventing overheating during 

fast-fills. 

Published by : International Journal of Engineering Research & Technology (IJERT)
https://www.ijert.org/ ISSN: 2278-0181
An International Peer-Reviewed Journal Vol. 14, Issue 02, NCRTCS - 2026

IJERTCONV14IS020062 Page 1

(This work is licensed under a Creative Commons Attribution 4.0 International License.)



3.2 AI-Optimized Navigation and Energy Recovery 

• Terrain-Aware Routing: Integrating GIS data with 

consumption models to suggest routes that maximize 

Regenerative Braking and maintain optimal fuel cell 

thermal ranges. 
• Predictive Refueling: Utilizing fleet-wide data to 

redirect autonomous delivery trucks to stations with low 

queue times and high storage levels. 
 

4. METHODOLOGY AND TESTING FRAMEWORK 

 
To validate this cyber-physical framework, we propose a 

four-phase simulation: 

1. Data Synthesis: Generating datasets from existing 

FCEV telemetry (Voltage, Pressure, Flow Rate). 
2. Model Training: Training Long Short-Term 

Memory (LSTM) networks for time-series 

degradation prediction. 
3. Simulation: Testing AI controllers within the 

CARLA autonomous driving simulator integrated 

with MATLAB/Simulink. 
4. Evaluation: Comparing AI-optimized 

consumption against traditional PID-based control 

systems. 
 

5. FUTURE SCOPE: THE 6G AND QUANTUM 

ERA 

 
• Quantum Chemistry: Utilizing future Quantum 

Computers to simulate fuel cell catalysts at the sub-

atomic level. 
• 6G Connectivity: Enabling sub-millisecond latency for 

Vehicle-to-Everything (V2X) safety protocols in 

autonomous hydrogen truck platooning. 
 

6. CONCLUSION 

The evolution of hydrogen vehicles depends on their 

transformation into intelligent cyber-physical systems. By 

integrating AI-driven optimization, Digital Twin modeling, 

and secure IoT-based infrastructure, we can mitigate the 

inherent risks of hydrogen and maximize its efficiency. This 

computational shift is essential for transitioning FCEVs 

from experimental prototypes to the backbone of a zero-

emission global transport network. 
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