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Overview
MTS STEX (seismic test execution) is a software application that enables seismic customers to do iteration and data collection on their seismic tables.  STEX is customized for each seismic system that utilizes it.

The primary problem with the way that we currently support STEX today is that we do not have anyone in-house at MTS who knows the STEX code base or has the knowledge and experience to fix bugs, add new features or customize the software for a specific system.  Rather, we have always relied on an external consultant – Jim Langseth – to implement and support features in STEX.  This situation poses a large risk for MTS because we are relying on a non-employee for a component of our very large seismic systems.

A second issue with STEX is that we have no efficient way to provide updates or new versions of the software to our customers.  We are passing up a potential ongoing revenue source from charging our customers for ongoing software maintenance, support and upgrades.  This potential revenue stream is of unknown magnitude but could be substantial, which could help to fund some of the engineering required to support STEX over a long period of time.

Recommendation

MTS should move forward with investigating the scope and costs to integrate STEX and RPC Pro.  After analyzing the two solutions and understanding the high-level differences, there were no technical barriers to integrating these two products and creating a new version of STEX based on RPC.
Three primary technical gaps between STEX and RPC Pro that were identified were:
· Live oscilloscope to monitor 2 signals while iterating

· RPC Pro has more capabilities than needed for seismic.  These extra capabilities need to be disabled or hidden to simplify the application for use in the seismic market.  The necessary capabilities for STEX need to be identified as part of the scoping effort.

· Shock spectra are not available in RPC Pro and would need to be added.

The next step will be to perform a Stage 2 R&D program for $20-25K to scope the necessary effort and create a plan to implement the necessary changes for a version of RPC that meets the seismic market needs.

Background

Process

We met a number of times over the past 6 months with various STEX and RPC Pro experts to understand the high-level technical challenges that may be encountered if we attempted to create a new version of STEX based on RPC Pro.  Some of the people we met with included Rod Larson, Charlie Anderson, Mike Englerth, Ray Sydeski, Dale Potting, Pat Dziuk and Dave Gray to get background and information about RPC and STEX.

Market

The existing market for STEX is an installed base of 20 – 25 systems.  We sell STEX for roughly $300,000 that is wrapped into the system cost although it is typically not broken out in the quotation.   The primary benefit of STEX is that it enables us to sell large custom tables because it gives researchers key capabilities that enable them to test their structures more effectively than any competing solution.

The primary differences between the markets that STEX and RPC address are:

· In the durability market, many iterations can be run and are acceptable since the specimens are generally not extremely expensive nor unique.  This is not the case in the seismic market where specimens can cost millions of dollars and so researchers must be very careful with iteration.  In seismic tests, iteration is often done at small spans and is limited to 2 or 3 iterations at most.
Alternatives

One of the potential alternatives that customers have for the data analysis portion of STEX is to purchase vibration analysis software.  This software is sometimes available with data acquisition, for instance from Pacific Instruments and National Instruments.
Competitors

Some competitors to STEX are LMS (teamed with ServoTest) and Moog/FCS, which has a new RPC-like product.  One feature that is available in some competitor software but not in STEX is modal analysis.  Is this available in RPC?
RPC Pro

· RPC Pro has roughly annual releases

· The RPC Pro CD contains all of the features in RPC.  Then FlexLM licenses are used to unlock individual features.

· Price range is from $50K to $120K

· Maintenance costs are currently 12% of purchase price per year, although we are working to increase this

· RPC Pro has approximately 1200 seats installed worldwide

Features

The primary features that STEX delivers to its customers are:

· Fix recorded earthquake files to be smooth at the beginning and end (ramp from and to 0 position, velocity and acceleration) to allow them to be run safely

· Create artificial earthquakes with specific frequency response characteristics

· Do advanced online iteration (more advanced than the included online iteration (OLI) feature)

· Enable post-test analysis and data display
· STEX saves all of the data that it collects into a single file that can be easily transported.  This may be an important capability to retain.

· It is not unusual for STEX to collect data for hundreds of channels – we will need to retain this capability.

Technical Issues

Some of the technical issues that need to be addressed include:

· All analysis/transformation features from STEX need to be available
· File formats (both import and export formats)
· API interface between application and controller

· Ability to view online data acquisition through scope/monitor

· We need to retain the ability to customize STEX for each custom system.  Ideally we will find ways to make this as easy as possible.

· Does RPC have similar data analysis features as STEX?

· STEX needs to be able to talk to multiple controllers simultaneously in a multi-table configuration.  Does RPC have this capability?

· Seismic tables must be tuned in 3 or 4 iterations at the most, so the iteration calculations must be retained.
Porting/Compatibility Issues

Things that will need to be considered when porting from STEX to its replacement:

· Backward compatibility (saved data, settings, etc) – Can old data be pulled into new versions?  Do we need a way to export data from the new version into older versions?  Does this matter?
· The next generation STEX will almost certainly need to be able to read and generate old versions of the STEX files and database packages.

· Whatever we do needs to continue to look and act like a seismic test program, not a vehicles or generic testing program.

· From a marketing/sales perspective, the new version of software should probably be “STEX 4.0” or something so that we talk about how it is a continuation of a long history in seismic testing.

· Transitioning from the unlicensed STEX to a licensed solution may cause some transition problems for customers.  Licensing, cost, etc will need to be resolved to satisfy customers both for upgrades and new installations.

· Many STEX customers have been using STEX unchanged for many years (20+ years) so there may be some resistance to relearning a new tool.  However, RPC may enable a less-experienced user to operate the machine.  The potential perceived cost or benefit to our customers of this is unknown at this time.

· Rod feels that it is a competitive advantage to keep the 469D controller and the STEX software tightly integrated so that they cannot be broken apart.  This prevents competitors from offering a STEX replacement solution and enables us to have very tight integration between our application software and our controller.  We may want to retain this tight coupling.

Longer-term Issues

· What is the best way to get seismic expertise in the RPC group?

· How do we maintain seismic expertise in the RPC group over a period of years?  Would we need to have R&D funding or other lined up on an annual basis?

· The STEC team would need to develop and maintain seismic expertise to be able to support seismic in RPC.
Planning

Timeline

The proposed schedule for this effort is:

· FY08: Define the requirements for STEX 4.0 and recommend an initial replacement path

· FY09: Scope requirements (schedule and budget) for STEX 4.0

· FY10: Receive R&D funding and implement STEX 4.0

Appendix A: Marketing Descriptions

The following descriptions are two high-level marketing descriptions that have been used in various literature, quotes and other marketing information.
Description #1

MTS Seismic Test Execution System is an add-on software package that is used to identify specimen modal responses to a specific earthquake wave form. It can also be used to generate artificial earthquake wave forms from a given frequency domain response spectrum. Additionally, STEX provides Remote Parameter Control (RPC) which accounts for specimen and system dynamics in an off-line, high-accurate iterative compensation mode.

Description #2

MTS Seismic Test Execution System (STEX) is an optional software component used to identify specimen modal responses to a specific earthquake waveform. STEX can also be used to generate artificial earthquake waveforms from a given frequency domain response spectrum. STEX also has a highly-accurate iterative compensation mode that complements the techniques of the seismic control software.

Appendix B: STEX Technical Description

STEX features random, sinusoidal, transient programming, and realistic long duration response spectra synthesis and analysis for use in seismic testing. "Response spectrum analysis" is a frequency domain technique for identifying specimen modal responses to a specific transient time wave form. "Response spectra synthesis" is the inverse, generating testing transient time wave forms from a given frequency domain response spectrum. The system is in use in similar facilities world wide.

The MTS STEX outer loop operates with a longer time delay, obtaining longer, accumulated data files for identifying the total specimen/actuation system transfer function dynamics. This information is used for off-line higher-accuracy iterative compensation for the vibration testing mode.

STEX accesses the SCHEMA™ inner loop control system by using an analog inter-processor communications link. Additionally STEX provides Remote Parameter Control (RPC) through a series of highly developed windows and dialogs to compensate the drive signals for system dynamics in an off-line high-accuracy iterative compensation mode.

A major component of STEX is the Data Analysis Library that provides an array of analysis and profile creation tools; for example: Straight Sine, Linear and Exponential Sinusoidal sweeps for 2 hour MIL-STD-167 endurance tests. The Data Analysis Library allows the operator to create and manipulate both time histories and frequency domain functions. From power spectral densities produced in this way, random time histories may be generated with Random Library. Other analysis functions include:


Forward/inverse fast Fourier transform


Differentiation/Integration


Response spectra


Digital filtering


Basic Arithmetic operations on results

Results of an existing test may be analyzed and plotted in the Data Analysis Library. The response spectra analysis methods of Jennings and Nigam of Cal Tech, and the response spectra synthesis techniques of Gasperini and VanMarcke of MIT, well known in the test engineering research community, were integrated into STEX for their ability to analyze and synthesize long duration records.

Any test or data analysis result may be copied to a file external to STEX in either ASCII or binary format. These files may then be transferred across a computer network to other nodes or onto a removable storage device, such as a tape or floppy disk. These files may also be imported into any other computer running STEX.

The vibration testing mode will use the SCHEMA™ digital controller as the inner control loop for the vibration actuation system. The vibration testing application, including calibration and tuning files will be loaded from memory, and an electronic switch will select the vibration actuators electronic cabinet for feedback signals and servo valve drive amplifiers.

Appendix C: Pusan Quote

This appendix contains the text that quotes STEX from the Pusan custom system.  This system also includes a custom data acquisition system from National Instruments to meet the input channel requirements of the customer at a reasonable cost.
G.
STEX3 Digital Computer and Data Acquisition System (quantity = Lot) 

STEX3 Digital Computer Subsystem is for Table Programming, Off Line Compensation, 
Data Acquisition and Data Analysis

MTS is providing a flexible data acquisition package that will allow up to 256 channels of data acquisition.  MTS will provide a National Instruments 256 channel DAQ package as defined in the section titled “Data Acquisition”.  The NI BOM and product literature is included in that section.  Additionally, the system will support a Scramnet interface allowing shared memory to provide access to desired information to a host computational computer for complex real time simulation capabilities.  

a. Computer Hardware  (qty 1)

1. 3.0 Ghz minimum Xeon Dual Core Series or higher computer

2. 1 GB DDR2 400 MHz Ram

3. 128 MB Pcle x 16 ATI Fire GL V3100 graphics card

4. 100/100 TX PCI Ethernet Adapter

5. 36 GB Ultra 320 SCSI High Performance 15000 RPM Hard Drive with 160 GigaByte SATA 7200 RPM Hard Disk Drive or 250 GB RAID 2 drive configuration for backup.  

6. 3.5-inch 1.44 MB Floppy Drive

7. 20-inch UltraSharp Flat Panel Monitor

8. 16X DVD+RW+R drive with 48x CDROM

9. Windows XP  operating system with Microsoft Office

b. 
MTS Seismic Test Execution Software Version3 (STEX3) . MTS STEX Software has been in continuous use since the early 1970's by seismic researchers around the world.  The 3rd generation of STEX includes the following functionality.

Table Programming

STEX3 supplements the real time MTS 469D Digital Controller (Item F) by providing additional table programming capabilities.  The researcher can work from a single package which has been designed with input from seismic researchers over the past 3 decades. Tests can be programmed for data acquisition only, system frequency response measurement, and the execution of time history and compensated test waveforms.


Data Analysis

Analysis capability in the time and frequency domains includes addition, multiplication, differential operations, FFT and Inverse FFT functions, spectra smoothing, the creation and application of digital filters to time histories.  The ability to create random time histories, shaped spectra, inverse shock time history synthesis, and inverse shock response spectra is included.  Spectral analysis tools include the ability to create ASD, CSD, Transfer Function Matrix and Coherence.


Off Line Iterative Compensation

STEX 3 provides an off line iterative test compensation method for reducing nonlinear distortion during earthquake time history and random wave form testing.  A low level random signal is used to excite the table/specimen system and measure the frequency response function.  The frequency response function is than used to modify the original drive file.  The modified drive file is than executed and the achieved motion is compared to the desired.  The process of measuring the frequency response function and modifying the drive file is repeated until the require level of matching between desired and achieved motions is attained.


Post Test Data Processing

STEX 3 provides a set of tools for creating presentation ready plots from acquired and created data.  Once a plot has been formatted it can be saved to a file or included in another Windows based software program using the universal cut/paste method.


Data Management

Many data management tasks have been automated with STEX 3.  Importing and exporting results from other test groups is easily accomplished with pull down menus.  A intuitive, automatic naming function manages the many records created during the execution and analysis of seismic tests.  The Test Group structure eliminates the possibility that individual records will be lost during file save operations. 

December 18, 2008

1 of 8
December 18, 2008

2 of 8

