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Abstract—
Understanding what, where, and how test assets are being used
has always been an arduous, if not, impossible task. With the
advances in real time data, IoT (internet of Things), and big
data, which are combined to build the foundation of Industry
4.0 (I4.0), we now have access to real-time actionable
information at our finger tips. Not only can what, where, and
how be obtained, barriers to intelligent systems and
health/prognostics can be almost nonexistent. Organizations
that have moved in this direction have seen increased
utilization, uptime, flexibility, effectiveness and efficiency with
dramatic decreases in cost of ownership, cost of test, ramp up
time and diagnostics, and repair for both the systems and
products built. Even secondary factors like system accuracy (or
uncertainty), asset reuse, technology refresh, and gage R&R
(repeatability and reproducibility) have shown positive impacts
on overall test strategies and overall business results.
Even with all these benefits, the barriers to entry to this new
world can be massive. Not only are there the normal issues
around change management, ingrained organizational culture,
money and regulations, just as important are the changes
needed in overall philosophy and operations of every part of a
programs/product’s life cycle. In the world of real-time data,
there is no more throwing R&D designs over the proverbial
wall to manufacturing - the wall is replaced with a two-way
stream of real-time actionable data and feedback. It also
breaks down all the walls between different operations in
production, allowing data to be used for functions like;
diagnostics and repair, allowing real-time measurement
trending to measure uncertainty, optimizing assets to maximize
utilization, monitoring instrument health, and removing the
multitude of areas that manual processes cause “human”
errors. These are just some of the benefits that come from
developing, collecting and utilizing a real-time data strategy
throughout a product’s life cycle. A robust strategy benefits and
strengthens virtually all parts of a business including
development, production, support, marketing, supply chain,
finance, and order fulfillment.
This paper will explore the multi-faceted world of real-time
data and how it relates to test. It will outline the short and longterm benefits, the cultural and strategic changes needed, the
direct benefits to test strategies, its influence throughout the
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total product life cycle and its overall impact on cost, time and
scope. In addition, it will lay out a practical way to get started
on the journey to move forward on not only a strategy, but also
an implementation plan.
I.

INTRODUCTION

Virtually every industry today is talking about “Big Data”. It’s
used in marketing, finance, research, supply chain, support and
operations. In fact, we have decided that it’s so big in
manufacturing, we are evolving into the next level of
manufacturing, “Industry 4.0” (I4.0). But is Big Data really
new or have we finally realized that when looked at
methodically it has value? Or, over the past 30 plus years, have
we forgotten the fundamentals of basic manufacturing like
statistical process controls? Or has technology, computing
power and analytic visualization finally matured enough to
bring the data to life?
What we do know is that big data is now part of the DNA of
business. It determines what, how, when, and why we develop,
build, market and sell products. It allows us to surgically
develop both internal and external strategies virtually real-time
that in the past would have taken weeks, if not months, to even
see a need for change. It allows us to understand financial
implications of different designs, sourcing alternatives, and
manufacturing processes as they are being developed. Whatever
the reason, Big Data is in, and harnessing it is not only a
competitive advantage but rather a fundamental to compete.
So how big is Big Data. It’s so big that we are coming up with
new ways to describe the number of bytes that are moved
around the world every day. When I googled “Number of bytes
moved around the world in one day”, the consensus amongst
results, mostly bloggers, was 2.5 Quintillion bytes. How big is
that? 2.5e^18 bytes. By the way, that number has already grown
by the time I will have finished this paper. So, if that is all the
data, how much is related to manufacturing, or even more
importantly test?.
The reason to focus on Big Data is that it is the best place to get
repeatable, accurate and actionable data on a specific product’s
health for design, manufacturing and support. Although there
are other places to obtain data, it is rarely about the product and
usually about the aspects that make up the product, how it gets

assembled, its history of movement, or other basic types of data.
Although this data is important, it is typically described as
“descriptive”, detailing with what is going on. Test data on the
other hand, contains knowledge that is actionable.
A simple analogy of this is a visit to the emergency room, nonlife threatening. The first thing that happens is you are asked for
basic information like name, age, address, insurance, primary
doctors name and then symptoms, i.e. basic data. The next step
is to usually do four primary tests, blood pressure, pulse,
temperature and blood oxygen saturation level. From this data,
in addition to some of the basic data, a course of action can then
be prescribed. The reason for this is that basic data can be
symptomatic. For example, you describe that you are having a
heart attack, is it that, or could it be heartburn or pancreatitis or
something else that is mimicking the symptoms of a heart
attack? Thus, the importance of the four sets of test data and
getting actionable data to treat the root cause.
So back to the question of how big is test data. We have
estimated that we at Keysight Technologies collect about 10
terabytes of test data in our manufacturing sites per year. Doing
some theoretical extrapolations on the number of electronic test
instruments that are built per year with an average life of five
years and assuming that 50% of these instruments are used in
manufacturing, it is theorized that about 200,000 terabytes of
test data is produced per year. That is equal to 50 million, 120minute movies or 100,000 US Library of Congress of data or
714 life times of Hubble space telescope data or 388,000 years
of continuous digital music. That’s a lot of data, so how can we
use it to manage the utilization, optimization, and health of test?

And in many cases, hundreds of thousands, if not millions of
dollars are spent on test just to determine a digital outcome. The
fact is, though, that you can drown in data by collecting to much
data and still only be able to determine the same outcome, pass
or something else.
In today’s complex supply chain very few, if any companies are
100% vertically integrated. It would not be unusual for a final
product to have six, ten or even more components in a bill of
material being outsourced, and some part of those components
being outsourced and so on and so forth. If each of these
manufactures collect just minimal data, not only would the data
be big, but following the lineage of the data would be
overwhelming.
The need to collect more data at every point of integration is
becoming critical for virtually all electronic manufactures as
performance and associated tighter margins become the
competitive advantage in technology. Therefore, just pass and
fail is inadequate. The need to measure hundreds if not
thousands of data points of a waveform, looking for specific
spurs at different frequency or discrepancies during temperature
variations, all become critical. This data, at every level of
integration, from chip to component, to micro-circuit, to circuit
card, to subassembly to final product, needs to be understood,
verified and measured, leading to hundreds of thousands of data
for each design and then for each product produced. As outlined
in reference [1], this data will not only determine pass or fail, it
will also allow a determination between false failures and false
passes. And just as important is to determine the repeatability
and accuracy from product to product, process to process and
gap between design and built product.
III.

Figure 1. The Relationship Between Design, Test and
Manufacturing
II.

THE PROLIFERATION OF DATA

Figure 1, is a 50,000-foot view of the interaction between
design, manufacturing and test. The linkage between design
theory and manufacturing reality, in concept, is test. Test allows
feedback to R&D to hone its models and simulations to mimic
real life physics so that when built, it will work as designed. For
manufacturing test is the screen that allows good product to pass
on to the next process or end customer and bad product to fail
and either be reworked or scraped. In either case, any and all of
this information becomes useful data.
In its simplest, test data can be characterized as pass or fail.
Even simpler just fail, because if it doesn’t fail, it must be good.

TEST DATA FOR MORE EFFIENCT TEST

The amount of data collected on a specific component, subsystem and final product can be enormous and necessary to
ensure a successful and profitable business. Test data is also
used to understand, diagnose and determine a test strategy.
When testing, data can also be used to understand the process
of testing. This data can drive decision making as low as an
individual test to as high as a corporate purchasing strategy.
Utilizing test data in developing, implementing and updating
test strategies is the foundation for process improvements for
the overall effectiveness and efficiency of test. Many times,
legacy test strategies are used in next generation strategies. This
philosophy ignores test technology advancements, newer test
techniques or even differences in product margins and
specifications. But even if these are taken into account in an
implementation plan, understanding the “what”, “how” and
“where” of test can be a huge difference between meeting and
beating technical and business imperatives or not.
The “what” test is used for and its implementation should not
be a static process. It should be a dynamic process that is

constantly evaluated and enhanced. But, without understanding
issues like measurement uncertainty, development vs
verification tests, false failure/passes or just overall test
coverage, can add excessive test time and huge quality risks.
Although many companies spend lots of time understanding
this, most only look at one test step in isolation and few look at
this from a holistic view of all the test steps form chip to ship,
including product warranty.
Understanding the “how” test is being used seems on the
surface to be simple. We have been doing this for years. And
that is the fundamental problem, many times there is fear in
changing test philosophies because of the unknown. Are we
sure the new technique will have the same results as the one
used for the last 20 years? Will we and/or our customer accept
the change? Much like other technical advancements, test
techniques are also going through some radical changes that can
lead to faster test and more accurate measurement.
And last, “where” is my equipment? This is easy. I see it, I know
where it is. So, when I have 100, 1,000 or 10,000 pieces of test
equipment do I really know where they all are? Do I know their
location, what hardware and/or software options are on what
asset? Or are they down because of missed calibration, not
working, or being repaired? This becomes important
information when looking at cost effective and efficient test
asset management.
There is one other aspect, of “what”, “how” and “where” and
that is related to the health of a test asset. This includes “what”
is happening, such as environmental factors (temperature and
humidity), mechanical factors (switch counts), and electrical
factors (power levels, energy surges). The “how” is around
repeatability and accuracy. And “where” looks at its overall life
cycle.
All of this is predicated in collecting, analyzing and taking
action on data that can be extracted from the test asset. It can all
be somewhat overwhelming. So, let’s look at ways to organize
and structure some of the data to ensure actionable results.
IV.

There are three types of data associated with assets:
1) Static Meta Data – fundamental identification data about
items that rarely change over the test asset’s lifetime. Examples
include the serial number, purchase value, color, size,
purchasing organization and depreciation schdule. This is
foundational level information of any asset management
system.
2) Active Meta Data – macro level asset data that can change
but one cannot use to diagnose the assets opertaional condition
at any moment in time. Examples of these data elemets are; an
asset’s location, it’s primary owner and it’s configuration with
added or removed options and even it’s service record. These
data elements change relatively infrequently – that is to say
NOT on a weekly, daily or even hourly basis.
3) Diagnostic Data – this last data type represents the
changing operating characteristics of an asset as it is in
operation every hour, day or week contributing to the value
generating activities of an organization. Examples include,
monitoring if an asset is truly in use or just turned on, which
options of an asset are in operation at any point in time, if the
asset is functioning in a healthy manner and if it is doing it’s job
accuratley or are it’s measurments drifting thus potentially
creating a poor quality end-product by producinging false
“pass” measurements.
These three data types form a pyramid of information about a
test asset base being managed (Figure 2). The data type
increases in value, the higher in the pyramid you go, by
providing additional information that is not only timelier, but
also more useful to those wanting to discover opportunities to
improve the operating efficiencies of the assets being managed.
Each level of information also requires incrementally more
effort to track and manage. Thus, requiring the organization to
carefully weigh the costs and benefits of choosing how much
data to gather on which assets.

THE DATA HIERACHY DEFINED

When it comes to test asset information, one can create and
track just about anything regarding the characteristics of an
asset from basic information, such as the asset’s size, weight,
serial number and other identifiers, to more complex
information, such as the actual operating characteristics of the
asset, including its temperature, how much current it is
consuming and if it is truly “in use” or just sitting there idle but
powered on. There is a lot of information that can be tracked
and it’s useful to define certain data types to better ascertain the
value that can be garnered from putting in place systems and
processes to better associate and accurately track these different
data types.

Figure 2. The Three Types of Data

V.

DATA TYPES & THEIR USES DEFINED

Static meta data is the foundational information of an asset. It is
critical in just keeping track of what you have, its functionality,
where it is assigned to be located and its initial purchase value
and depreciation schedule. The most basic information is used
in ensuring accurate accounting transactions are made for asset
and cost reporting impacts to financial statements. This
information also sets the base line for fundamental maintenance
of the asset that is either required for quality policy adherence
or audit compliance to customer contracts, for example
Aerospace and Defense programs.
The benefits of investing in such a system, and associated
processes, are numerous. All records of assets are kept up to
date in one system, thus minimizing surprises of lost or
misplaced assets requiring annual financial statement writeoffs, which we have seen can run over 5% annually based on
asset value. In addition, such a system can enable an
organization to easily pass quality adherence audits in a fraction
of the time of an organization not maintaining such data
systematically or electronically. Establishing a process tied to
tracking and storing the maintenance records of assets will also
minimize high-opportunity-cost, end-user (Engineers)
involvement spent on updating a base line set of records for
assets being maintained manually or in a decentralized manner.
Lastly, any maintenance scheduling synergies can be easily
derived if all the assets’ requirements are stored and visible in
one centralized system. This visibility enables more pro-active
service vendor management to achieve greater volume and
location based service pricing discounts when all service
requirements can be planned and managed in a wholistic
manner. All the above can result in significant reductions of
capital and associated operating expense with a positive impact
to overall cost of test.
Active meta data is data that is foundational, but can also
change periodically. For example, an asset’s location of use
may change even though the asset is permanently owned by one
department. Even the asset’s configuration may change as it is
moved around – perhaps an end user is able to get a SW License
for a specific functionality enabled on the asset to make it
applicable to that end user’s application. There are other
examples of Active Meta Data, but if we focus on just those two
examples alone, significant benefits can result from
implementing a system that actively tracks and enables dynamic
management of this type of information.
Let’s assume you have developed a system to track an asset’s
location anywhere in a plant at any given time – think about Bar
Code or RFID Tags on all assets tracked with manpower or with
receiver stations at doorways or work benches. As such, if an
Engineer wanted to get a hold of an asset to use on a program
for a short period of time they could go log onto this system and
view where all the test assets are that meet their specific
requirements. This approach to managing test equipment
requires updating the location of the asset as well as it’s

configuration relative to when it was originally placed in use
after purchase. The benefits can amount in a significant
reduction in the number of asset purchased and maintained
since more assets are being shared. This is what we call a Loan
Pool, where assets are visible for checking out based on their
availability combined with accurate information about the
asset’s location and configuration. Figure 3 shows an example
of a loan pool management system being used to track and share
test assets across locations.
This approach can not only be used for assets acquired by an
organization, but one could create this Loan Pool for assets that
are rented through a rental house. As you can imagine, this
provides not only an opportunity to diminish total asset demand
across the end-user community, but also can provide for shifting
the financial cost burden profile of an asset base from Capex
(capital expense) to more Opex (operating expense). This
increases the business’ financial flexibility in procuring test
assets, producing a long-term increase in operating margins.

Figure 3. Loan Pool Management System
The last data type, Diagnostic Data, constitutes measuring and
reporting on an asset’s performance on a real-time basis. And
what is termed “asset performance”, can be as varied as the
asset itself. For this paper though, the focus is on aspects of an
asset’s health and its utilization. Monitored Health information
can range from how long an asset has been powered on to how
it’s vital statistics are; temperature, voltage and current input or
output, the frequency of its various components being turned on
or off, or even if the measurement capability of the asset is
drifting out of specification. All these data types can help one
understand if an asset is operating well, and if not, predict if and
when the asset may be liable to fail outright or produce poor
measurement results. In either case, the implications to product
design, production schedules and product quality are
significant.
Another category of Diagnostic data is being able to know at
any given time if and what an asset is actively doing. In other
words, the true meaning of “real-time” utilization monitoring.
By monitoring real-time utilization characteristics of an asset,
one can ascertain if the asset is being employed well in
comparison to how much it cost to be acquired with all its

features or functions loaded. With this information, one can
make assessments as to whether an asset should be shared, or if
not used much at all, if it should be traded in or disposed of in
order to save on Capex and Opex spending budgets. Other
questions can arise from this type of diagnosis data – “should
we acquire or rent depending on what we are seeing as our asset
utilization pattern?”. An example of the type of Utilization
relative to Asset Value in formation that materializes from this
Diagnostic Data tracking system is shown on figure 4.
If one is tracking the assets utilization at an option level, it can
also become easy to diagnose if an asset is over-optioned, or
when compared to similar assets, if an opportunity exists to
further optimize processes to better utilize all similar assets
across applications. Either way, this is another source of
potential reductions for Capex and Opex associated with
acquiring and maintaining too many assets – something that
cannot be determined without tracking this type of Diagnostic
Data.

able to recover $230K of underutilized asset value and
accelerate the acquisition of newer technology test equipment
for use on a new chip set being designed. Through Diagnostic
Data gathering, this customer knew exactly how and when an
asset was being utilized. In the data, they also found
opportunities for further test process optimization as well as
improvements in the product lifecycle development process
managed across departments. The human process of managing
and tracking the planned intra-department hand-offs from
development to QA, product introduction and manufacturing
was found to be sub-optimally managed, contributing to the
inefficient use of critical test assets and engineer time.

Figure 5. The Pyramid of Data Types Feeding a CostEffective Test Asset Lifecycle Management System
VII. CONCLUSION
Figure 4. Real-Time Test Asset Utilization vs. Market Value
VI.

PUTTING IT ALL TOGETTHER

Once you have data from all three levels of the pyramid, many
possibilities arise for improvements of how you manage the test
and human resources of an organization to improve their
productivity. The simple act of finding the correct assets
quickly reduces search, configuration and setup as well as
mandatory audit times dramatically thus increasing Engineering
productivity by literally hundreds of man hours a year for large
installed and mobile asset bases. One chip set manufacturer
saved 90% of their regular search and audit time as well as 3%
of annual writes offs by installing an accurate Active Meta Data
tracking system.
In real world situations, knowing that an expensive test asset is
not being utilized, and whose market value can be extracted to
use for new programs will not only reduce the cost of test
burden from existing equipment, but also speed the acquisition
process of much needed newer technology to help accelerate
TTM (time to market) of new products. A parallel example to
the Chip Set manufacturer occurred in design and QA labs.
After only 90 days of Diagnostic Data monitoring, they were

As one can see, a pyramid of data monitoring from Static Meta
Data to Active Meta Data and ultimately Diagnostic Data, all
combine to create a more efficient end-to-end process of capital
and human resource utilization. Figure 5 portrays the data
supplied from the three levels of information helping make the
entire product generation lifecycle work more efficiently, not
just the assets themselves, but also the people who manage and
execute the processes throughout the whole product’s lifecycle.
As one Engineering Lab manager said, “Utilization data
without Context is useless”. The “context”, in this case, is the
intent behind the how and why assets are to be used in an
application - which is human determined and driven. Once data
is captured on how effectively and efficiently assets are really
being used, it becomes evident very quickly if there are gaps, in
the human developed and executed product generation
processes that need to be addressed.
The impact of comprehensive data collection and management
becomes much larger than just Cost of Test. The product
generation lifecycle becomes more efficient and quicker,
resulting in faster TTM and ultimately leading to higher ROI’s
for programs. By taking the time up front to develop a real-time
data strategy is the key to overall technical, operational and
business success in the future.

Big data is not a fad or a buzz word, it is now a fundamental of
business. It has changed the way we look at our overall
business, the speed in which we react, and the methodology we
use to analyze what is happening. It helps to improve, optimize
and enhance every aspect of the product life cycle to meet both
the technical and business imperatives. It’s time to embrace big
data in all parts of your business before it becomes too
overwhelming. The easiest place to start is with something that
is familiar and already providing a wealth of data, test.
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