VitalDrive® Health Intelligence Engine (VD-HIE)

Technical Overview

1. Introduction

VitalDrive® is developing an in-vehicle Health Intelligence Engine (VD-HIE) designed to
monitor physiological, behavioural, and contextual signals during vehicle operation and to
identify early indicators of driver distress or impairment.

VD-HIE is architected specifically for safety-critical environments, where decisions must
remain explainable, bounded, and predictable under uncertainty. The system is intended to
operate in real-world driving conditions characterised by noise, motion artefacts, partial
signal availability, and high consequence outcomes.

2. System Purpose and Scope
The primary objective of VD-HIE is to:
e Detect early physiological or cognitive anomalies in drivers
e Assess risk in real time using multimodal inputs
o Enable controlled intervention pathways before critical failure occurs

The system is designed to support civilian automotive safety applications, with
architectural principles extensible to other high-reliability contexts where human
physiological state impacts operational safety.

3. High-Level Architecture Overview

VD-HIE follows a layered, modular architecture that separates perception, reasoning, and
decision-making.

Core Architectural Layers
1. In-Vehicle Biosensing Layer
o Non-wearable physiological sensing embedded within vehicle interfaces
o Continuous acquisition of cardiovascular and related biosignals
o Designed to operate passively without driver interaction
2. Signal Conditioning & Quality Assessment
e Motion artefact suppression

o Signal quality indexing



o Confidence scoring for incoming data streams
3. Al Fusion & Reasoning Layer

e Multimodal feature extraction

o Context-aware signal fusion

o Evidence generation rather than autonomous decision authority
4. Decision Intelligence Layer

e Deterministic rule-based logic

e Bounded escalation pathways

o Predictable safe-state behaviour under uncertainty
5. Cloud & Knowledge Layer

e Secure telemetry aggregation

e Model improvement and validation workflows

e Regulatory traceability and audit support

This separation ensures that no single layer can independently cause unsafe behaviour.

4. Hybrid Intelligence Design Philosophy

VD-HIE intentionally employs a hybrid intelligence architecture, combining rule-based
logic with machine-learning models.

Role of Rule-Based Logic

e Defines safety boundaries and invariant constraints

e Encodes clinical priors and regulatory considerations

e Governs escalation, fallback, and safe-state transitions
Role of Machine Learning

o Extracts probabilistic evidence from complex, noisy signals

o Identifies subtle precursors and correlations

e Operates strictly within predefined decision boundaries
Key Principle

Machine learning does not make final safety decisions.
All critical decisions remain deterministic, explainable, and auditable.

This approach aligns with established practices in aviation, medical devices, and
automotive functional safety, where regulators certify system behaviour, not model
parameters.



5. Edge vs Cloud Separation

VD-HIE is designed with a clear separation between edge-level execution and cloud-level
intelligence.

Edge Layer Characteristics

e Low-latency signal processing

o Immediate safety logic execution

o Local encryption and resilience to connectivity loss
Cloud Layer Characteristics

o Aggregated learning and validation

e Long-term model improvement

e Regulatory traceability and analytics

This separation ensures that safety-critical behaviour never depends on external
connectivity.

6. Safety, Reliability, and Predictable Failure Modes
A central design requirement of VD-HIE is predictable failure behaviour.
The system is designed to:

o Remain operational under partial signal loss

e Default to conservative safety logic under uncertainty

e Log decision pathways for post-event analysis

o Support explainability for regulatory and forensic review

Failure modes are treated as first-class design considerations, not edge cases.

7. Certification-Oriented Design
VD-HIE is architected with future certification pathways in mind.
Design considerations include:

e Deterministic decision boundaries

o Explicit escalation logic

e Traceable signal-to-decision mapping

e Separation of learning from judgment
This ensures the system can be evaluated against behavioural safety criteria, rather than
opaque model internals.



8. Current Implementation Status
At the time of this document:

e Arule-based risk engine is operational
e A modular, spec-clean Risk API is defined
e An end-to-end demonstration pipeline exists for system validation
e Machine-learning components are architecturally defined but intentionally
constrained
This foundation allows controlled expansion without compromising safety.

9. Phase-2 Technical Direction (High-Level)
Phase-2 development focuses on:

e Simulation-driven validation
o Expanded multimodal evidence modelling
e Robustness testing under noisy and adverse conditions
e Scientific collaboration to refine physiological inference
Phase-2 is focused on technical maturity and validation, not commercial deployment.

10. Conclusion

VitalDrive® is building VD-HIE as a certifiable, safety-first health intelligence platform
prioritising predictable behaviour, explainability, and resilience over unconstrained
autonomy.

The system is designed to earn trust through structure, not claims, and to support
deployment in environments where failure is not acceptable.

VitalDrive®

Building intelligence that protects human life before failure occurs.
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