Data-Driven Test Systems

In a data-driven test system, all product-specific information is stored in
files. Within a product classification, the test software contains no
product-specific information and does not have to be changed to test a
new product. This concept lowers new product introduction costs.

by Adele S. Landis

In today’s competitive marketplace, new products must be
designed, manufactured, and delivered to customers in an
effective and timely manner. This is the only way to maintain
or create a desirable market share. At the HP Santa Rosa
Systems Division (SRSD), the introduction of a new product
from the research and development laboratory into a pro-
duction environment is called the new product introduction
cycle. This introduction cycle can be lengthy and expensive.
One of the most critical and time-consuming phases in the
new product introduction cycle is the development of the
electrical test process.

The electrical test process is that part of the manufacturing
cycle that verifies that the product meets published customer
specifications. The electrical test process is a combination of
manufacturing resources, including:

Test methods for doing each test that verifies a product’s
specifications

Software that properly implements the tests

The equipment necessary to perform the test methods
Measurement integrity, which includes traceability, error
analysis, and calibrations

Documentation, including test procedures, test support
documents, and the like

Training of manufacturing personnel.

Fig. 1 shows an average distribution of the time spent on
these resources for a group of electrical test processes re-
cently developed at SRSD. The software portion of the pro-
cess tends to be high because the division is moving towards
completely automated testing.

Analysis has repeatedly shown that designing the test soft-
ware by product classification rather than by individual
products can result in large cost and time savings during the
development process. A product classification can be defined
as a group of products that have similar block diagrams and
require the same type of testing. Some of the different prod-

uct classifications that are manufactured at SRSD are network

analyzers, spectrum analyzers, scalar analyzers,
oscillators, amplifiers, and mixers.

Historically, production test software was written for and
dictated by specific products or models. When test software
was required for a new product or follow-on model, the test
software was implemented or leveraged in a product-specific

manner as shown in Fig. 2. This approach required continual

introduction and/or reworking of the test software. The
greater the number and variety of new products, the more
time and software were needed. Also, this approach required
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Fig. 1. Average proportions of time spent developing various manu-
facturing resources for a group of electrical test processes. Software

dominates because the division is moving towards completely auto-

mated testing.

that an individual with software expertise be assigned for
every cycle of new products that emerged from the lab.

Data-Driven Software

Continued analysis has shown that by designing test software
to handle large variations within a product classification, the
overall development time of the electrical test process can
be drastically reduced for all products within a classification.
This greatly benefits both the manufacturer and the cus-
tomer.
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Fig. 2. Product-specific test software requires introduction or re-
working of the software for each new product.
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Fig. 3. In data-driven software, product-specific information is
removed from the test software and stored in files. The software
doesn’t have to be changed to test a new product within the prod-
uct classification.

A study of a large group of SRSD test programs across differ-
ent product classifications was recently completed. The re-
sults indicate that all test software consists of certain types of
tasks, including test equipment setup, calibration setup, op-
erator setup, measurement procedures, and data collection.

Regardless of which of these tasks are required for specifica-
tion testing, all of these tasks can be broken down into two
basic information types: common and specific. Common
information is common to all products within the product
classification. Specific information is specific to the individual
products of that classification. Removing the specific infor-
mation and placing it in external files leaves the common
information to reside in the software (Fig. 3).

The separation of these information types results in static
test software and dynamic product-specific files. The static
test software contains the knowledge of the specific informa-
tion required from the test’s associated external file, the loca-
tion of this file, how to load and read the file contents,
proper measurement implementation, and the needed data
collection routine. Since the test knows what information is
required from its external specific file (but not necessarily
the exact values), this file is considered defined.

Test software that knows how to make the measurement,
while the external files know where to make the measure-
ment, can be called data-driven software.

Since data-driven test software is static, this method allows
total test software reuse. Any product variation is handled in
the external files. The building of the specific files can be
automated easily since the type of information within these
files has been previously defined by the test software. The
specific file building is automated using a master form of the
defined file and an editor. The editor only allows value
entry. After the new values are entered into the master form,
the product-specific file is stored. This approach, which does
not require any software expertise, is extremely fast for new
product setup.

A good example of data-driven software is an amplifier power
test (see Fig. 4). The common information in this test, de-
picted by the software flow chart in Fig. 4, shows the tasks
that are common to all amplifiers needing this type of test.
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Fig. 4. Data-driven amplifier power test.
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The product-specific files contain the product measurement

parameters and values required by the program to make the
measurement. This same test software can be reused for any
amplifier by building a product-specific file that contains the
amplifier’s measurement parameters.

Test Executive

All manufacturers that are concerned with product test data
need some form of a test executive. A test executive is a
software package that handles the administrative and man-
agement responsibilities associated with test data. Even
though the duties of the many test executives available vary
depending upon user needs, all test executives have the
same basic tasks as shown in Fig. 5.

Like the test software, test executive software is made up of
common and specific information. By applying the data-
driven theory to the test executive software, a data-driven
test executive results. The test executive software then be-
comes static and any varying product information required by
the test executive is available from external product-specific
files. The building of these files can also be automated using
master files and an editor.

The combination of data-driven test software and a data-
driven test executive is a data-driven test system. The major
benefit of a data-driven test system is that all the software
within the test system is static. This benefit reduces the ex-
pensive and time-consuming cycle of product-specific soft-
ware regeneration across a product classification. For test
methods required by a new product that are not available in
an existing data-driven system, the test method and associ-
ated test software must be developed. If the new tests are
developed using the data-driven theory, then the tests will
become part of the system’s reusable tests and will be avail-
able for the next new product. Other key benefits are test
system support and the automation of test system expansion.

Expansion

A data-driven test system can be supported by a system ad-

ministrator who resides on the production line where the test
system is used. The system administrator can be a high-level
technician who has some measurement and test equipment

knowledge. Because the test system software is static, this
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Fig. 6. Data-driven test system expansion.

individual does not need to have any software expertise. The
system administrator’s main duty is test system expansion.

Test system expansion is the process of adding a new product
to a test system that already exists in the manufacturing envi-
ronment. This process, whether for the traditional product-
specific test system or a data-driven test system, can be
broken down into two steps: adding the product into an
existing test system and the initial product testing.

In the traditional product-specific test system, product addi-
tion takes approximately one day to eight weeks. This time
frame is directly proportional to the amount of product-spe-
cific values that are imbedded in the test system software.
Product addition in this type of test system must be per-
formed by individuals with test software and test executive
expertise. The time for product addition in a data-driven test
system is approximately one hour and can be accomplished
by individuals who have no test software or test executive
knowledge.

Expansion of a data-driven test system can be accomplished
easily and rapidly with a programmatic procedure. The sys-
tem expansion process is shown in Fig. 6.

The system administrator receives a new product and its
specifications. Using a system expansion program, a set of
master specific files, and an editor, the system administrator
builds all the necessary external product-specific files re-
quired by the test executive and test programs.

Initial Testing

After a product is added into a test system, the initial prod-
uct testing must be done. This first testing is where the soft-
ware used to measure the product specifications is verified
to be working properly. In the product-specific test systems,
this initial testing can be a very tedious process as shown in
Fig. 7.

When the new product is measured for the first time and the
measured values are not satisfactory or the test system stops
because of a programmatic error, the software must be
loaded into the computer, modified (debugged) and restored,
and the test system reloaded. Then the product is measured
again. Even though this process can made faster using two
computers, one for performing the actual measurement and
the other for software debugging, initial product testing is
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Fig. 7. Product-specific initial product testing.

time-consuming and has to be performed by individuals with
software expertise.

The initial product testing on a data-driven system is much
easier, as shown in Fig. 8. After the product is added into a
data-driven test system, the system administrator performs
the initial product testing. If the measured values are not
correct, any changes required are made to the external
(product-specific) files through an editor immediately acces-
sible from the keyboard. Once the system administrator is
satisfied with the measurement, the product is measured a
final time and the data is presented to the appropriate
engineer for review.

This feature of a data-driven test system, which shifts the
laborious work of measurement debugging from the test
software to the product-specific files, is extremely beneficial.
It not only allows nonengineers to perform the initial testing,
but also, since proven test methods are being used, the
overall initial testing process is very short.

Adding Test Stations

All test systems whether old or new must be able to handle
a variety of test stations. In the traditional product-specific
test system, the system contains test-station-specific values
imbedded in the software. With these station-specific values
in the software, adding stations with extended capabilities or
station duplication can be very time-consuming and a soft-
ware expert is needed. This problem doesn’t exist in a data-
driven test system since the data-driven test system is station
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Fig. 8. Data-driven initial product testing.

independent. These systems not only have the ability to han-
dle numerous test stations with different measurement capa-
bilities, but they also allow for test station duplication when-
ever production capacity is exceeded.

For extending a data-driven test system test station capability,
the system administrator builds the new station hardware,
assigns the station a new station number and/or name, and
enters this information into the appropriate test system’s
station table.

Using this data-driven approach, SRSD has designed two
complete test software systems as a pilot program. These
data-driven test systems focus on measurement types within
a product classification. These systems contain a set of well-
designed tests that perform typical measurements required
by a product classification.

Mixed-Model Amplifier Test System

The mixed-model amplifier test system was the first system
to validate the data-driven software theory. The system per-
forms a set of basic tests that are required for complete am-
plifier characterization. The system has five different test
stations: two network analyzer stations (40-GHz and 50-GHz
frequency ranges) for complete s-parameter measurements
and three scalar network analyzer stations (26.5-GHz,
50-GHz, and high-power 26.5-GHz frequency ranges).

This system began with two test stations with specific mea-
surement capabilities. With the addition of more products,
the need for stations with extended measurement capabili-
ties arose. Since the data-driven system software is indepen-
dent of test station equipment, we were able to add three
additional stations with extended measurement capabilities
without modifying any of the test system software.

This test system now provides complete characterization for
over fifty separate products within the amplifier classifica-
tion. Whenever necessary, the test system is expanded to
incorporate new products by the system administrator. The
total average product addition time is approximately three
hours per product. The test process development time and
expenses for these products have been greatly reduced.

For comparison, a product-dedicated test system used in
microelectronic manufacturing was expanded for a new fol-
low-on product. This system, which used some data-driven
test software, still required one week of engineering time for
complete system expansion because of the product-specific
information imbedded throughout the test system software.
Expanding this system for another product required three
weeks of engineering/software time since the original tests
could not be reused. This type of costly regeneration cycle
will repeat itself again and again unless a data-driven test
system replaces the current system.

The mixed-model amplifier test system design and set of
tests required 487 days of software development time. Even
though the initial test system design was very expensive,
large savings occur each time a product is added to the test
system. Test system expansion for a data-driven test system
costs approximately 50 to 100 times less than the same ex-
pansion of a product-specific system.

The break-even point on the mixed-model amplifier test
system was found to be four products, while the number of
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products tested by the system is more than 50. The return on
investment of the data-driven test system shows that this type
of test system is necessary to stay competitive in today’s
marketplace.

Vector Network Analyzer Test System

More recently, a data-driven test system was designed and
implemented for a family of network analyzers. The complex-
ity of instrument testing dictated that the data-driven test
system be limited to a product family instead of a product
classification. The system is currently testing five products.
The new product introduction engineer estimated software
generation time saved was approximately 500 engineering
hours. More time would have been saved except that addi-
tional tests were required. These new tests were developed

In summary, by designing test software to handle large varia-
tions within a product classification, the overall manufactur-
ing resources required for the electrical test development
process are reduced over an entire product classification.
This enormous savings occurs because the continual intro-
duction or reworking of new product test software is
eliminated.
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