


















































Real Time Consulting

e Space: ECSS and NASA standards demand comprehensive traceability, especially
for critical systems, with formal change control and configuration management.

Observation: Aviation and space often have the highest traceability rigor, while military
and medical are more flexible/tailored but still disciplined.

7.3. Verification and Validation Depth

Domain Emphasis areas

Aviation Independence in verification, MC/DC coverage for DAL A
Military IV&V often contractually required; security testing
Medical Integration with risk management, usability validation
Space V&V for critical software, extensive simulation/HIL

Key distinctions:

e Independence is critical in aviation (e.g., separate verification teams) and space
(dedicated IV&V centers).

e Maedical V&V must explicitly show risk controls and human factors usability.
o Military V&V often includes cybersecurity and adversarial threat simulations.
7.4. Regulatory and Certification Regimes

e Aviation: FAA, EASA. Aircraft must be certified with full evidence of software
compliance.

e Military: Agency/contractor-driven requirements; mission assurance, cybersecurity
accreditation.

e Medical: FDA (U.S.), EU MDR (Europe). Regulatory submissions include software
risk analysis and V&V evidence.

e Space: NASA, ESA, or mission-specific agencies. No single "certification" per se,
but launch approval often requires satisfying agency standards and IV&V.

Key point: Civil aviation has the most globally harmonized and prescriptive certification
process. Medical is highly regulated but can vary regionally. Military and space tend to be
agency- or contract-driven.
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7.5. Development Models

Domain Typical Models Used

Aviation Waterfall/V-model dominant

Military Waterfall, spiral, hybrid Agile

Medical V-model, increasingly Agile with regulated gating

Space

V-model, waterfall with incremental builds, some Agile

Key differences:

Civil aviation certification favors V-model’s rigor and traceability.

Military and space programs increasingly embrace Agile/hybrid methods but must
align them with rigorous deliverable expectations.

Medical development uses V-model for documentation but can adapt Agile for
faster iteration within regulated boundaries.

7.6. Tool Qualification

Aviation: DO-330 supplement specifies how to qualify tools.
Military: Depends on contract but similar arguments for critical tools.
Medical: No global standard for tool qualification but expected to justify tool use.

Space: ECSS/NASA standards often demand evidence that tools do not introduce
errors.

Insight: Tool qualification is strictest in aviation but relevant in all safety-critical domains.

7.7. Cybersecurity and Information Assurance

Military: Mandatory and highly integrated. RMF, NIST SP 800-53, mission threat
modeling.

Aviation: Increasingly important (RTCA DO-326A for aircraft systems security).
Medical: Growing focus on cybersecurity (FDA premarket guidance, IEC 81001-5-1).

Space: Must consider ground/space link security, anti-jamming, cyber resilience.

Observation: Military systems lead in mature cybersecurity frameworks, but all domains

are converging toward integrating security requirements.
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7.8. Environmental Constraints
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e Space: Extreme radiation, vacuum, temperature extremes.

e Aviation: Temperature, vibration, EMI but less severe than space.

e Military: Battlefield EMP, environmental extremes.

e Medical: Hospital/lhome environments, biocompatibility for implants.

Each domain tailors its hardware/software design and testing to these unique

environmental challenges.

Summary of Differences

Dimension

Safety
classification

Certification

Verification
independence

Traceability

Cybersecurity

Environmental
constraints

Aviation

DAL A-E

FAA/EASA

Very high

Extremely
strict

Emerging
focus

Harsh but
accessible

Military

MIL-STD-882
hazards

Contractual/Agency

High (IV&V)

Tailored but strong

Centralrequirement

Variable (EMP etc.)

8. Key Lessons for Engineers Crossing Domains

Medical

I[EC 62304
Classes A-C

FDA/EU MDR

Moderate
(depends class)

Strong but
flexible

Growing
importance

Human-centric

Space

Criticality levels

NASA/ESA
approval

Very high (IV&V)

Strict, especially
critical

Increasing focus

Extreme,
inaccessible

If you’re an engineer experienced in one of these sectors looking to work in another, here

are the major lessons to consider:

8.1. Safety Integrity Is Always Context-Driven

e Alldomains assess safety risks but define them differently.

e Don’tassume your prior "high integrity" level directly maps to another domain’s

level.
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e Learnthe new domain’s hazard analysis framework.
8.2. Traceability Expectations Vary

e Aviation and space often require full, formal traceability.

« Military and medical can tailor, but traceability is still critical.

e Expectto adjust your tooling and documentation practices.
8.3. Verification Independence Is Valued Everywhere

e Aviation’s DO-178C mandates independence explicitly.

e Military contracts often require IV&V teams.

¢ Medical V&V independence may depend on risk class.

e Space projects often have formal IV&V programs, especially for human-rated
missions.

Lesson: Expect scrutiny of your testing approach and be ready to justify independence
levels.

8.4. Risk Management Is the Common Language

e |EC 62304 (medical) ties development rigor directly to risk management (ISO
14971).

¢ Military and aviation use hazard analyses (MIL-STD-882, FHA, FTA).

e Space systems integrate risk management throughout requirements and design
reviews.

Key skill: Mastering risk analysis frameworks helps you adapt across domains.
8.5. Regulatory and Customer Expectations Are Critical
e Inaviation, you’re meeting regulator (FAA/EASA) expectations.
e In medical, you’re navigating FDA/CE approvals.
e Inmilitary and space, you’re meeting agency or prime contractor requirements.

Advice: Learn to interpret and negotiate contract requirements and regulatory guidance
early.
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8.6. Usability May Be More or Less Emphasized
e Medical software must address usability engineering to reduce use errors.

e Aviation user interfaces have their own HMI standards (e.g., ARINC 661) but less
focus on layperson usability.

o Military systems may prioritize tactical operability and training.

e Space systems often operate autonomously with highly trained users.
Lesson: Understand the human factors expectations in your new domain.
8.7. Tooling and Process May Need Re-Qualification

e Your favorite static analyzer may need qualification (DO-330) in aviation.

e Medical and space require evidence your tools don’t introduce errors.

e Military programs may have approved tools lists or cybersecurity constraints.
Prepare: Be ready to justify or requalify tools you rely on.
8.8. Cultural Differences Matter

e Aviation culture prioritizes predictable certification and extreme conservatism.

e Military culture balances safety with mission effectiveness under threat.

e Medical device teams integrate clinical expertise and patient safety with
engineering.

e Space teams often embrace rigorous systems engineering with a mission-oriented
mindset.

Key skill: Adapting to new stakeholder priorities.
9. Conclusion

Embedded software in aviation, military, medical, and space systems all share a common
mission: to ensure safety and reliability in life-critical and mission-critical contexts.
Yet their design standards and development practices reflect deeply different operational
realities, regulatory environments, and risk landscapes.

9.1. Different Standards for Different Risks

Civil aviation’s DO-178C emerged from decades of catastrophic failures and rigorous
accident investigation. Its extremely prescriptive process and certification requirements
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aim for a near-zero tolerance of catastrophic failure, with a highly mature, internationally
harmonized regulatory ecosystem.

Military systems have their roots in bespoke, mission-specific, often highly adversarial
environments. While MIL-STD-498-style documentation remains influential, modern
defense programs increasingly balance waterfall discipline with Agile innovation.
Cybersecurity is paramount, with extensive formal accreditation processes like RMF
ensuring systems can withstand attack.

Medical devices emphasize patient safety, but with an intimate focus on the human
interface. Risk management (ISO 14971) drives IEC 62304 software lifecycle processes,
while usability engineering ensures devices reduce use errors. Regulatory regimes like the
FDA or EU MDR enforce strong but sometimes flexible process expectations, depending on
device class.

Space systems, perhaps the most unforgiving environment, demand software that can
survive years of radiation, vacuum, and isolation. ECSS and NASA standards enforce a
deeply rigorous, traceable, highly independent verification approach, because failure can
mean the loss of multi-billion-dollar missions or human lives—with no chance of
repair.

9.2. Shared Foundations
Despite these differences, these domains share foundational engineering values:

e Risk-driven process tailoring: Not all software needs the same rigor. High-
criticality software demands the highest assurance.

o Traceability: The ability to link requirements through design, code, and tests is
universal.

o Verification and validation: Testing alone is insufficient; comprehensive V&V
ensures software meets its requirements and mitigates risk.

¢ Independence: Critical systems often require independent reviewers and testers to
avoid confirmation bias.

e Documentation: Even the most Agile programs in these sectors maintain strong
documentation to prove safety and support maintenance.

9.3. Lessons for Cross-Domain Work

For engineers moving from one domain to another, there is enormous opportunity to
transfer best practices:
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e Aviation’s traceability rigor and verification independence can strengthen military or
medical software processes.

¢ Military cybersecurity approaches can improve aviation and medical device security
as they become more connected.

e Medical device risk management frameworks can improve hazard analysis
discipline in military and space contexts.

e Space systems’ robust fault tolerance techniques can inform aviation and medical
designs facing extreme environments.

But there are also real risks:

e Over-simplifying domain-specific needs

e Assuming one-size-fits-all process rigor

e Underestimating regulatory and stakeholder differences
Success requires humility, curiosity, and systems thinking.
9.4. Future Trends

Several trends are pushing these domains toward partial convergence while maintaining
their differences:

e Cybersecurity: As all domains become more connected, security is becoming
integral to safety analysis.

o Agile and DevSecOps: Even the most conservative sectors are experimenting with
incremental development—while preserving required rigor.

e Model-based systems engineering (MBSE): Standards are adapting to support
model-based design and verification (e.g., DO-331 for aviation).

o Artificial intelligence: Emerging standards seek to define acceptable assurance
levels for ML-based systems.

¢« Global harmonization: Regulatory bodies aim to reduce duplicative certification
efforts across jurisdictions.

These trends will shape the next generation of embedded software standards and
practices.
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9.5. Final Recommendations
For engineers looking to expand their horizons:

e Study the standards in your target domain. Even if they seem dense, they embed
decades of lessons learned.

e Embracerisk analysis as the unifying language across all safety-critical
engineering.

e Understand the stakeholder environment—from regulators to mission operators
to patients.

e Respect the culture of your new domain but bring fresh ideas to improve safety,
security, and effectiveness.

e Prioritize continuous learning. Tools, standards, and threats evolve - so must your
approach.

Closing Thoughts

Safety-critical embedded software engineering isn’t just about writing correct code—it’s
about systematically managing risk in the face of uncertainty, complexity, and sometimes
outright hostility from the environment.

Aviation engineers, military software developers, medical device teams, and space mission
designers all share a common goal: Protecting lives and missions through disciplined
engineering.

By understanding and respecting the differences—and by sharing best practices across
domains—we can all contribute to a safer, more resilient, and more innovative future.
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