Integration of Multiple Tools for
Efficient Test Data Manipulation
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There are many hardware and software tools available to
the test engineer. Many of these provide coverage for a broad
scope of test applications. Nonetheless, there is no single tool
available today that provides all of the capabilities needed for
all aspects of every test. Test engineers must be resourceful
and integrate appropriate tools to best provide efficient solu-
tions. Examples of how a variety of test tools can be combined
to provide more powerful capabilities are described. Suppli-
ers to test engineers are encouraged to provide more open and
versatile systems to foster future growth.

There are many software tools that can be used to define and
measure a wide variety of test data. Sometimes these software
tools can encompass most of the capabilities required for an
entire test program, from planning to end results. It is seldom,
however, that a single software package provides all of the
capabilities required to complete an entire test program. As a
result, there may be duplication of effort as data are entered
in multiple locations and test data are passed from one soft-
ware application to another. Inefficiencies and errors can re-
sult as information is transferred. The test engineer needs to
find methods that allow minimal effort in integrating the vari-
ous tools available while providing high-quality test results.

This article presents some approaches for integrating a wide
variety of software packages to allow more effective testing ac-
tivities to take place. Many of the software packages in use are
commercial products. In some cases, special applications have
been developed to allow commercial packages to work together
more efficiently. Adding these special applications to the test
engineer’s tool kit can substantially improve test data quality
and efficiency in test conduct. Specific software utilized and
described in this article includes Microsoft Excel®, MATLAB®,
Labview®, MTS I-DEAS Pro®, and some special applications
developed to integrate information from these software appli-
cations. The key to effective integration is the capability of
software packages to share data. The integration of these vari-
ous software products is intended to take advantage of each of
their individual strengths so that the whole is greater than the
sum of the parts.

Test Preparations

In preparation for a test, the test engineer may perform sev-
eral tasks to ensure that data are collected efficiently and ac-
curately. In addition to typical test procedure development, test
planning often includes identification of the types of instru-
mentation to be employed and locations where measurements
are to be made. Adjustments during the test may need to be
made but early identification of key parameters simplifies the
setup process.

One tool available to the test engineer is the electronic
spreadsheet. Various forms of these readily available tools have
been used for years in conjunction with many data acquisition
packages. The spreadsheet allows a listing of the test param-
eters to be cataloged and reviewed prior to test start. In some
cases, specific transducer and sensitivity information can be
incorporated in the spreadsheet and used leading up to the start
of data collection.

Calibration data can be identified well in advance of a test.
This is typically required for many test programs and efficient
methods of cataloging and utilizing such data during the test
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Figure 1. The calibration process typically involves the use of several
instruments to measure and capture required response information.

Figure 2. Labview provides an efficient software tool for performing
instrumentation calibrations by controlling laboratory instruments. It
can also include a bar code scanner for automating data entry.
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Figure 3. The Labview interface allows easy data entry and review of
calibration data.

program can be critical. Excel is one spreadsheet program in
widespread use that is very effective in cataloging data. How-
ever, it is not well suited to operating, controlling and collect-
ing data from calibration equipment. Labview, on the other
hand, is well suited to implementation in a calibration envi-
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Figure 4. Test planning can be effectively performed using a spreadsheet program such as Excel where color highlights allow for easy reading and

sorting of data.

ronment.

A typical setup for calibration of accelerometers or load cells
is shown in Figure 1. The equipment shown can be computer
controlled with an automated calibration process. Figure 2
shows calibration hardware where Labview is being used to
perform calibration of accelerometers by controlling a set of in-
struments including a barcode scanning input device. A screen
capture of the Labview user interface developed for the auto-
mated sequence is shown in Figure 3. The use of Labview for
automating the control of calibration processes requires spe-
cial scripting to be developed, as is the case for most Labview
applications. Once this special application is developed, it can
be used for full automation of the calibration procedure, help-
ing reduce errors in this process. The Labview implementation
allows calibration data to be output to Excel, which is more
effective in allowing many users to access and use the infor-
mation. This data base can be placed on a company internal
website so that the most current calibration data are always
available to all users regardless of location. The spreadsheet
storage allows easy data transport at the start of any test pro-
gram and also allows calibration history and status to be
checked at any time.

In addition to calibration-type data, the test engineer can
perform a substantial amount of test preparation prior to in-
stalling any instrumentation. In operational tests, this might
include tape recorder channel information, as well as expected
input ranges. In modal testing, this might include identifica-
tion of the measurement locations and descriptions to be used
in the test. Once again, Excel provides an efficient platform for
cataloging and checking this information. Use of formatting and
color-coding allow data to be easily reviewed and verified (Fig-
ure 4). The key to taking advantage of this efficiency is having
the ability to transfer this test preparation information to the
data collection system in use. Implementation of specialized
tools such as Automated Test Setup (ATS)'? allow the plan-
ning information to be transferred directly to the test program.
Barcodes are generated to indicate measurement locations and
directions and to provide all data configuration information to
the data collection system. This information can be integrated
with the calibration data previously defined. This approach
also provides the data in a format that is easily incorporated
in test planning documents that may be required in prepara-
tion for the test.

Installing instrumentation is a part of the test preparation
process that can also benefit from integrating a variety of ca-
pabilities of different software programs. As transducers are in-
stalled, verification of installation can be done using bar code
scanning devices (Figure 5). The data are then merged with
other preparation data in Excel. Implementation of smart trans-
ducers with TEDS technology® (including software) allows
actual instrumentation hookups to be extracted and merged
with other setup data. Final setup verification checks can then
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Figure 5. Barcode scanning using a hand held personal digital assis-
tant verifies transducer installation and provides data for easy merg-
ing with test configuration files.

be conducted using the data stored in Excel to assure that in-
strumentation has been properly connected. Visual feedback
can again be provided as shown in Figure 6 where ATS (utiliz-
ing Excel) is used to consolidate all of the transducer hookup
information and check for errors.

Collecting Data

While a spreadsheet program is quite effective at cataloging
data for test measurements, it has no real capability for mak-
ing the actual measurements by digitizing the data. Once again
the integration of software can provide efficient, error-free
transmission of information to improve the overall testing pro-
cess. Since the instrumentation setup has been verified and
cataloged, transfer of these data from the test-setup software
(spreadsheet) to the data collection software is desired. Devel-
opment of special application software allows the channel
configuration data stored in Excel to be converted to a format
that can be imported by test software such as MTS I-DEAS Pro.

Integration of the setup software to the measurement soft-
ware is the best way to eliminate errors that can occur during
manual data entry for the data collection system. This integra-
tion also involves facilitating a data transfer from one program
to the other in an effective manner. This process is extremely
important as the number of data channels continues to increase
in most modern test systems.* This can be accomplished by
using ‘universal’ files like ASCII that can be recognized by mul-
tiple programs. Implementation in a program such as ATS al-
lows all transducer and channel configuration information to
be transferred to the data collection system using Universal file
format (UFF) dataset types 1807 and 1808. Complete setup in-
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Figure 6. Visual feedback of instrumentation hookup along with potential problems can be achieved in software implementation using Excel.

formation is contained and confirmed in tabular form as shown
in Figure 7, after which it is converted to UFF. The output of
these data files from the Excel setup and import to MTS I-DEAS
Pro allows data collection to commence as soon as the trans-
fer is completed.

Engineering units are also handled during the transfer of data
between the two software programs. This assures that the data
scaling is handled properly as the measurements are made.
This information is transferred from the initial transducer cali-
bration activity so that the correct sensitivities are applied. The
appropriate calibration information can be applied to each
channel of data since the correct channel mapping is also trans-
ferred from the Excel spreadsheet and reflects the information
obtained from the TEDS sensors and signal conditioning units.

As measurements are made, all appropriate data attributes
are applied in MTS I-DEAS Pro. This step allows proper iden-
tification of the data to be presented later. This includes iden-
tification attributes such as ID lines showing where transduc-
ers were located on the structure. Anyone who has shared data
by transferring Excel spreadsheet files knows that considerable
data attribute information can be lost in this type of data trans-
fer. Even something as simple as engineering units is not trans-
ferred automatically in spreadsheet file formats. These at-
tributes are also important during subsequent data processing
activities. All of this information must be carried consistently
from the test setup spreadsheet to the final data.

Data Processing

Data processing can take place using the same software used
for data collection. In many instances though, data will be
shared among users who may each have different software for
performing analysis operations. In addition, some software can
perform select functions better than others. Having the ability
to easily move data from one software product to another al-
lows use of the best tool for each function.

It is possible to again export data from the data collection
software into an ASCII data format, either as UFF or as comma
separated data. It can also be transported in universal file bi-
nary format (UFB), which is more compact than its ASCII
equivalent. The comma separated variable (CSV) and tab sepa-
rated data files can be easily read into spreadsheet programs
making them common methods for sharing data. However, the
limitations of these formats are often too small to be of real
practical use.
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As mentioned previously, important data attributes are of-
ten lost when using spreadsheet or CSV files. This can lead to
errors in computations or mislabeled data. This usually means
that advanced data processing must take place in more sophis-
ticated programs that are designed for such use. MTS I-DEAS
Pro provides such capabilities in addition to data collection.
MATLAB also offers a tool that is widely used in detailed data
analysis. In order to accommodate the transmission of data be-
tween software packages and to allow special data-manipula-
tion tool kits to be used in MATLAB, specialized software such
as IMAT®:% has been developed to convert data directly between
I-DEAS and MATLAB. This allows for direct data access in
MATLAB as indicated in Figure 8. One of the features that
evolved in MATLAB is the tracking of data attributes that are
consistent with those utilized in I-DEAS. As a result, all of this
information as well as the data can be accessed and used in
either program during the data processing. This ensures that
there is no lost information in the data transfers, allowing en-
gineers to develop specialized tools in MATLAB to improve data
analysis software capabilities.”

There are some instances in which data level evaluations can
be performed more efficiently with Excel than with other pro-
grams. In these cases, data listed by one program can be pasted
into a spreadsheet where quick evaluations can be performed.
An example of this is presented in Figure 9. Acoustic data
collected in I-DEAS were listed for third-octave bands and then
presented in Excel where the data’s relationship to the desired
levels could be shown. Easy data transfer between programs
also makes it simpler to document test results. Data tabulated
and formatted in Excel is often easier to incorporate in a re-
port and convey in a useful fashion. IMAT implementation
allows sophisticated data analysis to be performed using
MATLAB with easy transfer to other programs for final docu-
mentation.

Conclusion

There are many software tools available to the test engineer.
In most cases, no one software package can provide all of the
capabilities required for a complete test program. In order to
maximize test performance efficiency, different software is
integrated to take advantage of each program’s strengths.

The desire to minimize errors, decrease test time and pro-
vide informative test results calls for effective use of each soft-
ware package at the appropriate time and for making the soft-
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Figure 8. Efficient data conversion between I-DEAS and MATLAB allows for detailed data analysis to be performed in either software package and
allows more effective data sharing.
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Figure 9. Data collected in I-DEAS can be listed and copied to Excel
for further computation and level checking as in this example of acous-
tic data to check for meeting specification levels.
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Figure 10. Steps in test program execution and potential associated
software applications.
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ware pieces work together. Figure 10 shows a schematic of
when various software tools might be implemented in a typi-
cal test program. Some of the ways that these tools can be used
together have been presented in this article. This is not a
unique solution but presents some ways of solving the chal-
lenges facing the test engineer.

Hardware and software tools will continue to evolve with ef-
forts to improve ease of use, increasing quantity of data and
provide higher quality results. Many of these improvements
will be based on how engineers implement today’s tools while
striving to make the data gathering process more efficient. As
suppliers develop new capabilities for future test applications,
the inclusion of open systems will make data sharing easier and
will improve test performance.
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