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Scalable Testing Made Simple: The
Power of Modular Architectures

Modular and open test architectures enable engineers to build the right
solution for each challenge, whether integrating legacy systems, scaling
into new applications, or adopting Al-driven analytics.
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New custom-built high altitude test cell can now test multiple types of fuels under one roof. ACS



At a Glance

e Rapid product evolution could cause testing systems to lag behind development, so
modular options could provide adaptability.

¢ New instruments, software modules, or data interfaces could be added without costly
system upgrades.

e Look for backward-compatible hardware and framework architectures in common
languages in order to deploy solutions quickly.

Obsolescence, escalating costs, and the critical demand for greater flexibility consistently
challenge test system engineers. In this environment, engineers can realize the profound
benefits of modularity by using robust platforms that enable them to construct highly
configurable and future-proofed test environments, reducing test time and the total cost of
testing. When modular software solutions and comprehensive system integration expertise
synchronize seamlessly with open architecture, they facilitate the rapid deployment of high-
performance test systems capable of meeting even the most complex and dynamic
requirements.

Critical challenges facing test system engineers

At the heart of the challenges faced by test system engineers is an urgent need for flexibility and
adaptability at every stage of test system design, build, and use. Obsolescence and rising costs
threaten the long-term viability of test systems. Without a clear future-proofing strategy, the
increasing pace and complexity of today’s product development often leave test systems with
outdated equipment or limited capabilities. This impact is widespread, whether caused by a
single obsolete electronic component, complex legacy equipment, or a new approach to
reliable, sustainable power.

According to Z2Data’s survey of approximately 9,000 professionals in the manufacturing and
supply chain sectors, 36% of respondents identified technology advancements as the number
one factor contributing to obsolescence. Manpower and expertise shortages further add to
these obstacles, sometimes delaying teams with a test system that isn’t fully designed or can’t
be completed before fabrication. This rapid product evolution can cause testing systems to lag
behind development, hindering product performance and business outcomes.

Real-time changes and automation add significant complexity and risk. It is critical for engineers
to quickly adapt systems as testing requirements shift based on new insights, all while

ensuring system determinism, maintaining interoperability across evolving platforms, and
safeguarding data integrity. In these highly dynamic environments, guaranteeing reliability and
compliance is complex but essential. At the same time, organizations recognize that these
pressures signal an inflection point for the industry. The demand for more flexible, modular, and
intelligent test architectures is not just about solving immediate problems. It’s also a key step
toward unlocking innovation, reducing long-term costs, and positioning test operations as a
strategic enabler of product quality, speed, and competitiveness. This continuous cycle of



https://sourceability.com/post/how-to-mitigate-electronic-component-obsolescence-risks
https://www.industryweek.com/technology-and-iiot/systems-integration/article/55284102/tackling-industry-40-with-legacy-equipment-a-practical-approach
https://www.designnews.com/power-energy/genset-market-surges-hybrid-renewable-options-reshape-power-generation-landscape
https://www.designnews.com/power-energy/genset-market-surges-hybrid-renewable-options-reshape-power-generation-landscape
https://www.z2data.com/insights/four-takeaways-from-z2datas-obsolescence-trends-in-2024
https://www.z2data.com/insights/four-takeaways-from-z2datas-obsolescence-trends-in-2024
https://www.mckinsey.com/industries/aerospace-and-defense/our-insights/the-talent-gap-the-value-at-stake-for-global-aerospace-and-defense
https://www.flightglobal.com/paid-content/automation-and-autonomy-driving-high-performance-composable-deterministic-networking-solutions-for-aviation/160107.article

innovation requires a scalable and adaptable approach that evolves seamlessly with data-driven
and ever-changing marketplaces.

Strategic value of modular & open test architectures

Modular and open test architectures offer a way to future-proof systems in environments where
requirements shift rapidly and technology cycles move faster than ever. From a technical
standpoint, modularity ensures that new instruments, software modules, or data interfaces can
be integrated without costly system overhauls, while open standards promote interoperability
across vendors and platforms. In the past, reconfiguring components could mean tearing down
the entire system. Today, modularity reduces engineering bottlenecks and keeps test
environments aligned with evolving product lifecycles. Over time, this approach extends overall
system lifespan, ensuring that product development teams are not constrained by outdated or
unreliable test infrastructure and enhancing maintainability for continuous upgrades and
replacements.

Evolving with industry needs, open-source, modular, and flexible software is the new standard
for data acquisition and control. ACS

Notably, an open-source approach to modular system architecture supports long-term
scalability across diverse applications in any industry. Facilities require test systems that can
scale across applications with vastly different lifecycles. Military and aerospace systems may
need to remain viable for decades, such as scaling drone technology or supporting advanced
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testing for sustainable urban air mobility. Meanwhile, commercial test environments demand
rapid upgrades to match short product cycles, heightened competition, or diverse market
sectors. Organizations in automotive environments, for instance, may need to test different
applications ranging from rugged, high-performance engines to internal combustion engines or
electric vehicles, all under the same roof. With modular and open architectures, it’s possible to
plug in different instruments, or the platforms themselves, with essentially the same application
programming interface (API) behind them.

Open-source tools and communities further enhance this adaptability, enabling organizations to
draw on shared innovations across industries. A collaborative foundation reduces development
overhead and accelerates the integration of new technologies into test systems, ensuring that
solutions are both cost effective and future ready.

Replacing outdated, manual testing equipment with a new, portable data acquisition system
brings this leading aerospace company’s final assembly process into the digital age. ACS

Implementing modular test systems

Implementing modular test systems begins with choosing platforms that balance longevity with
adaptability. Solutions that offer long-life, backward-compatible hardware ensure investments
remain viable for decades, while allowing for configurable system expansion. These platforms
give engineers confidence that upgrades or replacements won’t force disruptive redesigns.

On the software side, some modular frameworks demonstrate how to achieve hardware-
agnostic integration. By using open prebuilt framework architectures developed in common
languages, engineers can develop and deploy test solutions quickly, without being locked into a
single vendor’s ecosystem. This flexibility is particularly valuable in labs and production lines
that rely on diverse instruments and software environments.
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Several key design principles also support long-term adaptability:

¢ Loose coupling ensures the components of the system are designed to interact with
each other through clearly defined interfaces, rather than being tightly bound
together. For example, a PXI chassis might host a mix of vendor cards that communicate
via standard drivers, and loose coupling ensures any upgrades, vendor substitutions, or
scaling can be accomplished without extensive redesigns.

o Abstraction layers create a transition layer between hardware and software. Engineers
can design tests at the functional level without necessarily needing to know the exact
programming nuances of every given sensor or device.

¢ Encapsulation keeps each part of the system self-contained. Encapsulation improves
maintainability, simplifies system validation, supports the integration of legacy
equipment, and reduces dependency on specific hardware or vendor solutions. This
approach enhances maintainability and enables organizations to extend the life of older
assets while layering in modern capabilities.

Modular design lets teams across disciplines work in parallel, share common data layers, and
leverage artificial intelligence (Al)-driven analytics and continuous feedback loops for
performance optimization. Investing in modular test systems today lays the foundation for long-
term efficiency, adaptability, and cost savings. As Al-driven design and analytics become more
integral to testing, modular systems provide the flexibility to integrate these capabilities
seamlessly, enhancing speed, reliability, and responsiveness without disrupting existing
workflows.

Future Al data loads present significant challenges for test facilities operating with data centers,
especially with workload and power demands. This trend increases the need for modularity,
prefabrication, and proactive integration strategies. Companies that prioritize their modular
infrastructure now position themselves to seize emerging opportunities, mitigate risks, and gain
a competitive edge.

Custom test automation systems feature a modular, flexible platform that easily adapts to
evolving needs. ACS
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Addressing an evolving future with an evolving approach

In many ways, modular and open test architectures function like a well-stocked toolbox: each
component, from hardware platforms to software modules, is a tool that can be selected,
swapped, sharpened, or upgraded as needs evolve. Instead of relying on rigid, one-size-fits-all
solutions, engineers can assemble the right combination for each challenge, whether integrating
legacy systems, scaling into new applications, or adopting Al-driven analytics. When
organizations are empowered to innovate continuously, share proven methods across
industries, and stay resilient in the face of rapid technological change, everyone benefits. As
testing expands from a behind-the-scenes process to a strategic enabler of performance and
competitiveness, the ability to pull from that toolbox with confidence will define the leaders of
the next generation.
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