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Executive Summary 
This Technical Report presents the proposed Quantum Brain–Computer Interface 
(Q-BCI), a next-generation conceptual neurocomputing architecture that combines 
Brain–Computer Interface (BCI) technologies, Artificial Intelligence (AI), embedded 
edge computing, multimodal sensing, secure cloud infrastructure, and future quantum 
interoperability within a unified engineering framework. 

Unlike conventional BCI systems that rely primarily on classical AI and cloud-centric 
computation, the proposed Q-BCI architecture adopts a hybrid computing model where 
embedded AI performs deterministic perception and inference while quantum-inspired 
optimization techniques are investigated for computational scheduling, resource allocation, 
and future quantum integration. 

The architecture is designed around modularity, scalability, interoperability, 
security-by-design, and responsible AI principles, enabling gradual evolution as embedded 
processors, AI models, and quantum technologies mature. 

 

1. Introduction 
Brain–Computer Interfaces enable direct interaction between neural activity and 
computational systems through the acquisition and interpretation of physiological signals 
such as EEG. Recent advances in embedded AI and wearable electronics have accelerated 
BCI development; however, existing systems continue to face limitations in computational 
efficiency, latency, energy consumption, explainability, cybersecurity, and multimodal data 
processing. 

Q-BCI addresses these challenges by proposing a hybrid AI–Quantum embedded 
architecture capable of supporting future neurocomputing applications while remaining 
compatible with current embedded technologies. 

 

2. Technology Background 
The proposed architecture integrates six key technology domains: 

●​ Brain–Computer Interfaces 
●​ Artificial Intelligence 
●​ Embedded Edge Computing 
●​ Quantum-Inspired Optimization 
●​ Secure Distributed Computing 
●​ Human-Centred Engineering 

Rather than replacing classical computing, quantum computing is treated as a future 
computational accelerator for specialized optimization tasks. 



 

3. Research Gap 
Current BCI platforms typically exhibit: 

●​ AI-centric computation without adaptive orchestration. 
●​ Heavy dependence on cloud infrastructure. 
●​ Limited multimodal sensor integration. 
●​ High computational and energy requirements. 
●​ Weak explainability and neuroprivacy protection. 
●​ Lack of standardized embedded architecture. 
●​ No migration path toward future quantum computing. 

These limitations motivate the development of a unified engineering framework capable of 
integrating sensing, embedded intelligence, AI, security, and future quantum interoperability. 

 

4. Proposed Q-BCI Architecture 
The proposed reference architecture consists of seven interoperable layers: 

1.​ Neuro-Sensing Layer 
○​ EEG, EMG, ECG, EOG, PPG 
○​ IMU 
○​ Eye Tracking 
○​ Voice 
○​ Environmental Sensors 

2.​ Embedded Intelligence Layer 
○​ Signal Conditioning 
○​ Feature Extraction 
○​ Edge AI 
○​ TinyML 
○​ Sensor Synchronization 

3.​ Hybrid AI–Quantum Orchestration Layer 
○​ AI Inference Engine 
○​ Optimization Scheduler 
○​ Knowledge Graph 
○​ Quantum-Inspired Optimization 
○​ Future Quantum Processor Interface 

4.​ Secure Neuro Network 
○​ Encryption 
○​ Authentication 
○​ Federated Learning 
○​ Post-Quantum Cryptography Readiness 

 

 



5.​ Distributed Cognitive Cloud 
○​ Model Training 
○​ Digital Twin 
○​ Long-Term Analytics 
○​ Decision Support 

6.​ Human-Centred Application Layer 
○​ Healthcare 
○​ Assistive Technologies 
○​ Education 
○​ Robotics 
○​ Defence 
○​ Disaster Response 

7.​ Governance Layer 
○​ Privacy 
○​ Explainability 
○​ Ethical AI 
○​ Regulatory Compliance 

 

5. Q-NeuroCore Reference Computing 
Architecture 
Q-NeuroCore is proposed as a heterogeneous embedded computing framework rather than 
a single processor. 

Its conceptual computing domains include: 

●​ Application CPU 
●​ Digital Signal Processor (DSP) 
●​ Neural Processing Unit (NPU) 
●​ FPGA Acceleration 
●​ Secure Hardware Module 
●​ Sensor Interface Hub 
●​ Wireless Communication 
●​ Power Management 

The architecture supports real-time processing while remaining scalable across wearable, 
portable, and cloud-connected deployments. 

 

 

 



6. Hybrid AI–Quantum Computational 
Framework 
The Hybrid AI–Quantum framework separates computational responsibilities according to 
their strengths. 

Classical AI 

Responsible for: 

●​ Neural signal classification 
●​ Cognitive state estimation 
●​ Pattern recognition 
●​ Prediction 
●​ Adaptive learning 

Quantum-Inspired Optimization 

Investigated for: 

●​ Resource scheduling 
●​ Task allocation 
●​ Feature selection 
●​ Energy optimization 
●​ Hyperparameter tuning 

Future fault-tolerant quantum processors may be incorporated through standardized 
interfaces without redesigning higher software layers. 

 

7. Signal Acquisition and Processing 
The Q-BCI platform supports synchronized multimodal sensing. 

Typical processing pipeline: 

Neural Signal Acquisition → Signal Conditioning → Artifact Removal → Feature Extraction 
→ Edge AI Inference → Hybrid Optimization → Secure Communication → Application 
Intelligence 

This architecture enables reduced latency, improved reliability, and efficient bandwidth 
utilization. 

 

 



8. Security, Privacy and Responsible AI 
Given the sensitivity of neurophysiological information, Q-BCI adopts Security-by-Design. 

The proposed framework incorporates: 

●​ Hardware Root of Trust 
●​ End-to-End Encryption 
●​ Trusted Execution Environment 
●​ Identity-Based Access Control 
●​ Federated Learning 
●​ Privacy-Preserving AI 
●​ Post-Quantum Cryptography Readiness 
●​ Explainable AI 
●​ Human Oversight 

Security is treated as a core architectural component rather than an additional feature. 

 

9. Engineering Innovations 
The proposed conceptual innovations include: 

●​ Q-BCI Reference Architecture 
●​ Q-NeuroCore Embedded Computing Architecture 
●​ Hybrid AI–Quantum Computational Framework 
●​ Quantum Neural Operating System (QNOS) (future software abstraction) 
●​ Neural Fusion Bus (NFB) (multimodal synchronization concept) 
●​ Quantum Cognitive Intelligence Engine (QCIE) (future reasoning framework) 

These concepts are presented as research directions requiring future implementation and 
validation. 

 

10. Potential Applications 
The architecture is intended to support future research in: 

●​ Neurorehabilitation 
●​ Assistive Communication 
●​ Intelligent Prosthetics 
●​ Mental Health Monitoring 
●​ Adaptive Education 
●​ Human–Robot Collaboration 
●​ Industrial Safety 
●​ Defence Decision Support 
●​ Emergency and Disaster Response 



 

11. Benefits 
The proposed architecture aims to provide: 

●​ Modular system design 
●​ Low-latency edge intelligence 
●​ Efficient multimodal sensor fusion 
●​ Adaptive computational orchestration 
●​ Improved cybersecurity 
●​ Future quantum compatibility 
●​ Scalable deployment 
●​ Explainable AI 
●​ Human-centred technology development 

 

12. Implementation Roadmap 
Phase I (2027–2030): Concept validation, simulation, embedded prototypes. 

Phase II (2030–2034): Integrated Edge-AI neurocomputing platform and secure cloud 
ecosystem. 

Phase III (2034–2038): Quantum-ready optimization interfaces and advanced multimodal 
intelligence. 

Phase IV (2038–2042): Large-scale deployment of humanity-centred neurocomputing 
platforms subject to technical maturity, validation, and regulatory compliance. 

 

13. Challenges 
Key research challenges include: 

●​ Robust neural signal interpretation 
●​ Low-power embedded AI 
●​ Real-time multimodal synchronization 
●​ Explainable neuro-AI 
●​ Data privacy and cybersecurity 
●​ Standardization and interoperability 
●​ Validation of quantum-inspired optimization benefits 
●​ Ethical governance and regulatory compliance 

 



14. Conclusion 
The proposed Quantum Brain–Computer Interface (Q-BCI) presents a conceptual 
systems engineering framework that integrates embedded intelligence, artificial 
intelligence, secure computing, multimodal sensing, and future quantum 
interoperability into a unified architecture for next-generation neurocomputing. 

Rather than proposing a completed technology, this report defines a modular 
research blueprint that supports incremental innovation using current embedded 
computing platforms while providing a structured migration path toward future 
quantum-enabled systems. Its overarching philosophy—Humanity-Centred 
Neurocomputing—positions technology as a means to augment human capability, 
improve accessibility, strengthen healthcare, and promote responsible, ethical 
innovation. By establishing a common architectural foundation, Q-BCI aims to guide 
future interdisciplinary research and engineering efforts in intelligent 
neurotechnology. 

 

 

 


