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Case Study: A Comparative Analysis of
Embedded Avionics and Embedded Medical
Systems

Executive Summary

This case study explores the design, operation, and safety requirements of two mission-critical
embedded system applications: embedded avionics systems and embedded medical systems.
These systems are essential to modern society—ensuring the safety of aircraft and improving
patient health outcomes, respectively. Using a structured comparative approach, this study
analyzes their similarities and differences across architecture, real-time constraints, regulatory
compliance, environmental factors, and lifecycle design. Real-world cases from the Airbus
A350 Integrated Modular Avionics (IMA) system and the MiniMed 780G Insulin Pump
System are used to contextualize insights and demonstrate how embedded system engineering
adapts to unique domain-specific challenges.

1. Background and Context

1.1 Embedded Systems in Critical Domains

An embedded system is a computer system with a dedicated function within a larger mechanical
or electrical system. These are purpose-built and optimized for real-time performance,
reliability, and resource efficiency. In mission-critical domains such as aerospace and
healthcare, embedded systems form the technological backbone of high-stakes environments.

« Avionics Systems: Manage aircraft control, navigation, and communication.
o Medical Systems: Monitor, diagnose, and treat patients, often in life-or-death scenarios.

Understanding how these two domains approach embedded system design provides insights into
balancing performance, safety, and regulatory compliance.

2. Objectives

The objectives of this case study are to:

1. Compare the operational goals and challenges of embedded avionics and medical
systems.

Analyze real-world implementations of each system.

Identify converging and diverging design principles.

4. Highlight opportunities for cross-domain learning.
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3. Methodology

The case study applies a qualitative and comparative research methodology, structured around:

Literature review of standards (DO-178C, IEC 62304, etc.)

Industry documentation and technical data from Airbus and Medtronic

Functional and technical comparison across system lifecycle dimensions

Evaluation based on system performance, safety metrics, and regulatory compliance

4. Case Contexts

4.1 Case A: Airbus A350 Embedded Avionics
The Airbus A350 features an Integrated Modular Avionics (IMA) platform. It includes:

Flight Management Systems
Engine and Navigation Controls
Sensor Fusion Units
Fault-tolerant Networking

Key Specs:

Safety standard: DO-178C Level A

RTOS: VxWorks

Redundancy: Triple Modular Redundancy (TMR)
Lifespan: 20+ years

4.2 Case B: Medtronic MiniMed 780G Insulin Pump

This system uses closed-loop control to deliver insulin based on real-time glucose readings.

Key Specs:
o Safety standard: IEC 62304 Class C
e Wireless: Bluetooth, smartphone integration
e Processing: Microcontroller with embedded algorithm
o Battery life: ~7 days

5. Comparative Analysis
5.1 System Obijectives

Aspect Airbus A350 (Avionics) MiniMed 780G (Medical)
Primary Goal Ensure aircraft stability, safety Maintain optimal blood glucose levels
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Aspect Airbus A350 (Avionics) MiniMed 780G (Medical)
User Role Trained pilot Patient and clinician
Impact of Failure Catastrophic (loss of life and aircraft) Severe health risks, including death

5.2 Real-Time and Performance Requirements
Avionics:

e Hard real-time constraints
o Delay >20ms in flight control could lead to system instability
e Processing parallelism and determinism critical

Medical:

o Soft to hard real-time (depending on device)
e Insulin delivery systems require minute-scale adjustments
o User safety prioritized over system continuity

5.3 System Architecture
Avionics (A350 IMA):

Distributed architecture

Federated systems connected via ARINC 653

Multi-core processors with partitioned memory

Designed for electromagnetic shielding and radiation hardening

Medical (780G Insulin Pump):

Centralized microcontroller

Connectivity with CGM sensors

Secure mobile app interface

Low-power battery design optimized for portability

5.4 Safety and Reliability

Feature Airbus A350 MiniMed 780G
Redundancy High (TMR, cross-checking Moderate (error-checking,
subsystems) watchdogs)
Diagnostics Continuous system monitoring Sensor calibration and alarm systems
Fallure; Fail-operational Fail-safe (alerts, shut-off)
Behavior
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5.5 Regulatory Standards
Avionics:
o DO-178C: Software reliability tiered from Level A (catastrophic) to E (no effect)

e DO-254: Hardware compliance
o ARP4754A: Systems engineering practices

Medical:
e |EC 62304: Software lifecycle compliance
e 1SO 14971: Risk management
e 1SO 13485: Quality management
o FDA 21 CFR Part 820: US manufacturing quality system regulations

Both cases demand traceability, risk analysis, verification & validation, and audit trails.
5.6 Human Interaction
Airbus A350:
« Pilots interact through multi-function displays, flight management systems
o Interfaces designed for minimal distraction, situational awareness
e Human error minimized through automation and alarms
MiniMed 780G:
« Patients interact via touchscreens or mobile apps
e Alerts and manual override options provided
o Designed for usability by non-experts
5.7 Cybersecurity

Avionics:

« Historically isolated systems (air-gapped)
e Modern avionics use secured communication protocols, firewalls, intrusion detection

Medical:
o Vulnerable to wireless breaches

e Must comply with HIPAA, use encryption, authentication, and secure firmware
updates
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5.8 Environmental Constraints

Factor Airbus A350 MiniMed 780G
Temperature Range —55°C to +85°C 20°C to 40°C (body-compatible)

Vibration/Shock High (during takeoff,

turbulence) Low (everyday movement)

Electromagnetic EM compatibility required near hospital

Shielded aircraft design

Interference equipment
5.9 Development Lifecycle

Stage Avionics (Airbus) Medical (Medtronic)
Model V-Model, Waterfall V-Model, Iterative in non-critical systems
Verification Formal, tool-based Unit/system-level, usability validation
Change Rigid, extensive Moderately flexible (with impact
Management documentation analysis)

6. Findings and Insights

6.1 Shared Engineering Foundations

Use of RTOS, embedded microcontrollers, watchdogs, and diagnostics
Emphasis on fault tolerance, risk management, and traceability
Require regulatory oversight, documentation, and testing

Move toward connected ecosystems (cloud, mobile apps)

6.2 Divergent Domain Constraints

Area Avionics Medical
Lifespan Expectation 20-30 years 5-10 years
Update Mechanism  Manual (via maintenance) OTA updates (regulated)
User Training Level High (pilot) Low to moderate (patients, nurses)

Innovation Flexibility Low (due to safety/regulation) Moderate (esp. in consumer medical tech)

7. Cross-Domain Learning Opportunities
7.1 For Medical Systems

e Adopt avionics-style redundancy in critical care devices (e.g., ventilators)
o Leverage modular architectures for better system partitioning
o Apply flight-certified formal methods to improve software reliability

20 MAY 2025



Real Time Consulting

7.2 For Avionics

o Embrace human-centered design seen in medical Uls for better pilot ergonomics

e Use connectivity and data integration for predictive maintenance (akin to continuous
glucose monitoring in medical systems)

e Incorporate more agile prototyping in subsystem R&D

8. Future Trends

8.1 Artificial Intelligence

o Inavionics: Al-assisted autopilot and fault prediction
e Inmedical: Al-based diagnostics and personalized medicine
« Challenges: Verification, explainability, regulatory acceptance

8.2 Cloud and Edge Computing

« Both industries are cautiously adopting edge-cloud hybrid systems
e Requires careful latency, data privacy, and failure mode handling

8.3 Regulatory Evolution

o Authorities like FAA and FDA are updating standards to accommodate ML algorithms,
connected devices, and adaptive behavior

9. Conclusion

This case study demonstrates that while embedded avionics and embedded medical systems
operate in vastly different environments, they share core characteristics that revolve around real-
time processing, safety, and reliability. The Airbus A350 IMA system showcases how
deterministic behavior and redundancy can ensure aircraft safety, while the MiniMed 780G
insulin pump exemplifies how patient-centric design and real-time responsiveness can improve
health outcomes.

Both domains can benefit from shared methodologies while respecting their unique

challenges—pointing toward a future of safer, smarter, and more integrated embedded
systems.
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Appendix

A. Acronyms

Acronym Full Form
IMA Integrated Modular Avionics

FDA Food and Drug Administration

DO-178C Software Considerations in Airborne Systems

IEC International Electrotechnical Commission

HIPAA Health Insurance Portability and Accountability Act
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