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WHEN HIDDEN RISKS
BECOME PUBLIC FAILURES




' EVERY RECALL HAS
AN ORIGIN STORY

Recalls happen in the field, but they are created much earlier.

A disconnected requirement. A missed software dependency.

An undocumented change. These issues exist long before they become
public problems. Yet many organizations continue operating under the
assumption that if a risk hasn't caused a failure, it isn't urgent. In today's
software-defined vehicles, gambling with risk is increasingly dangerous.

As vehicles become more software-defined, quality risks are harder to detect,
more complex to manage, and more expensive to correct. By the time a defect
reaches customers, the opportunity for prevention has already passed.

The question isn't whether risk exists.

The question is whether you'll find it before the customer or the market does.
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" HOW VEHICLES BECOME SOFTWARE-DEFINED -
AND WHY QUALITY GOT HARDER

Today's vehicles are software-powered platforms that continuously evolve
through connectivity, over-the-air (OTA) updates, Al-enabled experiences,
and advanced driver assistance systems.

With this transformation comes unprecedented complexity.

$320 BILLION ==p» $1.2 TRILLION

Projected growth of the
automotive software and
electronics market by 2030

Over 90% of new vehicle features are now driven by software.
Continuous Change: Software updates continue long after production begins.

As software content increases, quality challenges extend far beyond
manufacturing. Teams must now manage software behavior, cybersecurity,
functional safety, regulatory compliance, and system-wide traceability.
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FROM REQUIREMENTS TO RECALL -

Defects are no longer limited to hardware manufacturing issues. They can stem from software behavior, cybersecurity
vulnerabilities, compliance gaps, or breakdowns in traceability across complex development ecosystems. In fact,
most quality issues are introduced during product definition, requirements management, and early engineering activities.

55'650/0 Nearly 700/0

Meanwhile, software-driven recalls continue to rise as vehicles rely on increasingly complex digital systems.

The 2024-2025 recall landscape reinforces this point. Software has emerged as the dominant root cause of recalls, with infotainment
glitches, battery management faults, and backup camera failures affecting hundreds of thousands of vehicles across major OEMs.

A disconnected requirement. A missed dependency. An incomplete validation cycle.
Small gaps early in development can become highly visible failures in the field.

The financial implication is straightforward: the earlier a defect is found, the lower the cost to resolve it.
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 COUNTING THE TRUE COST -
COPQ AND THE PRICE OF INACTION

To understand why quality must be reframed as a strategic concern, it helps
to identify the actual cost of poor quality. Cost of Poor Quality (COPQ) captures
the total cost of scrap, rework, warranty claims, recalls, and quality-related
inefficiencies. But COPQ, as typically measured, only tells part of the story.

The visible costs are significant. recall logistics, replacement parts, regulatory
penalties, and warranty payouts. But the hidden consequences are often larger
— and far harder to recover from. Brand erosion following a high-profile recall
can suppress sales for years. Losing supplier status with a key OEM can entirely
remove a Tier 1 from future programs. Engineering rework cycles disrupt
timelines, consume capacity, and generate Engineering Change Orders (ECOs)
that signal instability across the program.

To make things worse, quality costs often compound. A late-stage change

in software can ripple through hardware, manufacturing processes,

and compliance documentation — triggering a chain of downstream impacts
that can take months to resolve. When this becomes a pattern rather than

an exception, the cumulative COPQ quietly erodes margins that competitive
programs cannot afford to lose.

The longer the issues remain hidden, the greater their impact across
engineering, software, manufacturing, and compliance.
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" THE TIPPING POINT -

The tipping point is not a sudden event. It's the culmination of conditions that
have been building, often invisibly, over the course of a development program.
At some point, an internally unknown risk crosses a threshold — and becomes
a public, costly failure.

Organizations approaching that tipping point often share recognizable
characteristics:

Word documents, Excel spreadsheets,
and email chains that cannot enforce traceability or flag conflicts

Making it
nearly impossible to assess the impact of a change before it propagates downstream

Slow to update, prone to
error, and difficult to defend under regulatory scrutiny

What's designed, what's tested,
and what's manufactured are never fully reconciled

These gaps make failures invisible until it's too late. Without end-to-end
traceability, organizations struggle to identify root causes, understand
change impacts, and detect risk before it reaches customers.

How many of these warning signs exist within your organization?
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' THE COMPLIANCE DIMENSION —
RISK BEYOND THE RECALL

——

Today's automotive organizations must prove quality as rigorously as they deliver it. Growing regulatory
expectations require auditable evidence linking requirements, design decisions, validation activities, and test results.

Key standards include:

ISO 26262 SOTIF
ASPICE UNECE R155
ISO/SAE 21434

OTA updates mean vehicles continue to evolve after production, requiring continuous validation and ongoing
compliance documentation.

For many organizations, compliance failures are not caused by faulty products, but rather by missing documentation,
weak process evidence, and poor traceability. These limitations pose a direct commercial risk for Tier 1 suppliers.
Quality and compliance performance directly influence supplier status. The ability to continuously prove compliance
— across requirements, design artifacts, validation results, and change history — is increasingly a prerequisite for
maintaining and growing OEM relationships, not just a regulatory obligation.

By building compliance into the development lifecycle, suppliers can avoid costly delays, penalties,
and lost contracts. Compliance verified after the fact rarely prevents any of them.

Compliance can no longer be treated as a final checkpoint. It must be embedded throughout the lifecycle.
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' FROM REACTION TO PREVENTION —

Prevention is a Competitive Advantage

[ [
L eading organizations are transforming quality from a reactive 0
function into a strategic business capability. This philosophy of Neurly 7 0 /0

finding and preventing faults earlier in the development process
is referred to as shift-left.

By shifting quality and compliance activities earlier in
development, they can:

Detect issues before they become field failures

Improve collaboration across hardware and software teams When approached this way, quality stops being a cost center
and becomes a competitive differentiator. Organizations that

Maintain traceability from requirements through validation embed it early deliver faster, with fewer escapes, and with the

Reduce costly rework and change cycles compliance evidence to support every program milestone.

- Strengthen compliance readiness

Lower the Cost of Poor Quality

The validation data in this approach is compelling.
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