Resilient Health
Monitoring: Engineering
BLE Systems for Disaster
Zone Reliability

Transforming proof-of-concept health monitoring into battle-tested
systems capable of operating when infrastructure fails.

By: Bhushan Gopala Reddy



The Ultimate Challenge

@ Life-Critical A Hostile

Monitoring

Vital sign tracking: heart rate,
Sp02, temperature,
respiratory.

% 99.99% Uptime Target

Reliability when it matters most.

Environments

Operating where traditional
infrastructure has collapsed.



BLE Connection Resilience

./ Dynamic Device Discovery

(")\ Automated reconnection protocols adapt to changing
environments.

Multi-Path Communication

S0

- Redundant connection routes ensure signal persistence.

n Signal Degradation Handling

o Maintains core functionality at minimal signal strength.
Mesh Network Formation

&

Devices relay data when direct connections fail.



Power Optimization Breakthroughs

Dynamic Sensor Sampling

Intelligently varies collection
frequency based on patient criticality
and remaining power reserves,
maximizing battery efficiency without
compromising care.

Energy Harvesting

Innovative micro-generators capture
kinetic, thermal, and ambient RF
energy, creating self-sustaining power
systems that function indefinitely in
field conditions.

ll

Low-Power Processing

Advanced edge computing algorithms
analyze data locally, drastically
reducing energy-intensive
transmissions while maintaining
clinical accuracy.

Transmission Optimization

Strategic compression and scheduled
data delivery protocols reduce radio
activation cycles by 78%, extending
operational lifespan in disconnected
environments.



OTA Updates in Constrained Networks

Delta Updates

@ Transmitting only modified components reduces bandwidth demands by 60%, critical for low-connectivity

environments.

Extreme Compression

AR Proprietary compression algorithms shrink update payloads by 85%, enabling critical
patches even on severely limited networks.

Partial Update Recovery

Sophisticated checkpointing allows interrupted updates to resume from
breakpoints, eliminating redundant data transfer during network

fluctuations.

&

Rollback Safety

(D Intelligent fallback mechanisms automatically revert to the
last stable version if deployment integrity checks fail,
ensuring continuous device operation.



Distributed Observability

System-Wide Insights

Comprehensive real-time visualization across all deployed monitoring devices in the
disaster zone.

Distributed Tracing

T Pinpoint tracking capabilities providing crucial visibility into every patient
interaction, even during network disruptions.

Anomaly Detection

@ Advanced machine learning algorithms that proactively identify
potential system failures and physiological emergencies before
critical incidents occur.

Minimal Telemetry

@ Intelligent bandwidth optimization that prioritizes
transmission of life-critical metrics when communication
infrastructure is severely compromised.



Error Budgeting for Critical
Care

99.99% 99.999%

Overall System Reliability Critical Alert Delivery

Maximum allowable downtime: 5.3 minutes annual downtime
52.6 minutes per year. budget.

98.5%

Non-Critical Functions

Allows more innovation in
secondary features.
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Graceful Degradation
Patterns

Priority-Based Function Shedding

Non-essential features disabled first as resources diminish. Critical
monitoring functions preserved until absolute failure.

Data Resolution Scaling

Sampling rates and precision dynamically adjusted. Higher resolution
maintained for abnormal readings.

Local-First Processing

System shifts to autonomous operation when disconnected. Local
alerting continues without central infrastructure.

Cross-Device Redundancy

Nearby devices assume monitoring responsibility for failing units.
Patient data seamlessly transferred between devices.




Real-World Impact

Nepal Earthquake Hurricane Maria Remote Clinics

Successfully monitored 2,300+ patients Rapidly deployed when traditional Transformed healthcare delivery by
across 8 makeshift field hospitals with hospital infrastructure collapsed, extending critical monitoring

99.97% uptime during critical disaster providing 11,500 patient-hours of capabilities to 45 facilities in
response operations. uninterrupted vital monitoring in underserved regions without reliable

extreme conditions. power infrastructure.



Key Takeaways

ion System

SRE principles can transform healthcare technology reliability in extreme conditions. When human lives depend on uptime,

traditional reliability isn't enough.
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Thank you



