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The Global Diagnostic System on the LIGO 40m Prototype at Caltech.

Abstract

The Global Diagnostic System (GDS) is a collection of software which will monitor and process information at LIGO and at the LIGO 40m prototype. The software, which has been specifically designed for LIGO is: GDS, Diag, GRASP, DMT, and also includes third party packages such as Root and Epics. 

GDS provides a means to diagnose the interferometer system and to support the operations. Diag provides diagnostic test capability for performing stimulus-response tests. The analysis and modeling of data from the gravitational wave detectors requires specialized numerical techniques. GRASP has been developed with LIGO and contains a collection of software tools to do this. The Data Monitor Tool (DMT) will define the tools and environments necessary to support continuous data monitoring of the LIGO interferometers. Root is an object orientated data analysis framework, which displays the data.

The purpose of this project is to install and exercise the Global Diagnostic System software at the 40m LIGO prototype, and understand its properties.

Introduction

The Laser Interferometric Gravitational Wave Observatory (LIGO) project is a collaborative effort by Caltech and MIT to construct the most precise gravitational wave detector in the world. The scheme used for detecting such waves is a Michelson Interferometer with two very long arms. A laser shines through a beam splitter, which sends light down the two arms, which contain test masses, two in each arm. These test masses form a Fabry-Perot cavity, resulting in increased sensitivity to gravitational wave strain as compared with a simple Michelson interferometer. If a gravitational wave is incident, the test masses will move and change the fringe pattern that is detected by the photodiode. 

The 40m LIGO prototype is used to test optical configurations and new equipment before they are commissioned for the main LIGO detectors. On the interferometer there are many systems that need to monitor all the processes that are taking place whilst the interferometer is in operation.

LIGO is situated at two sites around the USA, at Hanford Washington and Livingston Louisiana. At both of these sites there is a system in operation that monitors all the systems that are employed at LIGO. The Global Diagnostics System (GDS) provides a mean to diagnose the interferometer system and to support the operations; access to the GDS is provided via a control room or any other display station located on the site which has access. The GDS is meant to deliver real-time status information as well as previous data already gathered of the detector performance and to support initial installation and shake-down of the detector. It includes tools to view data on-line, to do Fourier transformations on a large number of channels, to search for abnormal behavior and effects of the instrument while it is running, to do invasive tests using an excitation system, and to record statistical summaries of a detection run. The GDS does not include a data acquisition system, but rather relies on the CDS DAQ system for gathering data at audio frequencies. Refer to figure 1, for an overview of the data collection and monitoring path in the LIGO IFO’s.

This is done by correlating all the data channels and putting the data onto 1 second frame files which are then stored on data arrays from where the analysis takes place. It can also be done real time, if there is sufficient computational power. 

The GDS is a collection of software, which has been specifically designed for LIGO to look at specific task that may be required by the user. The software that has been specifically designed is: GDS (not to be mistaken for the name of the system) and Diag, as well as GRASP and DMT. In addition to the LIGO specific software, the use of off the shelf software has also been incorporated such as Root, EPICS, FFTW, VxWorks as well as the online documentation tools. Each piece of software has its own specific task:

LIGO specific:

GDS – Provides a means to diagnose and calibrate the interferometer, e.g. it will support operations such as seismic sensing and length sensing, basically anything that requires sensing. Can provide information on lock acquisition, i.e. whether the IFO is in or out of lock and with the aid of other auxiliary systems it is also possible to be able to quantify by how much the system is out of lock. Environmental monitoring has also been incorporated to look out for things such as power fluctuations and low flying aircraft, which can easily affect the IFO and thus give false readings. GDS will also correlate data that is being collected from the IFO, passing it on to the frame builder/ network data server.

Diag – This program provides the means for diagnostic test capability for performing stimulus-response tests. The program itself is split into 4 specific test areas, which are:

· Swept Sine Response – with the aid of an excitation engine, which is in the form of VME CPU’s and DAC’s, certain parts, for example the seismic isolation stacks of the IFO can be excited over a range of frequencies and then monitored to see the response thus leading to a greater understanding of that particular aspect and more importantly allow for calibration.

· FFT tools  - utilizes fast fourier transforms to compute discrete fourier transforms from a data set. 

· Time Series Measurements – performs a series of measurements over a time scale. 

· Pseudo Random Stimulus – this is a complete random stimulus that is performed via the excitation engine.

GRASP – We are dealing with a very complex input of signals which all need to be analyzed. The data requires some special techniques and GRASP has been specially developed to contain all the algorithms, which may be required for data analysis as well as a simulation.

DMT – The Data Monitor Tool project is a part of the LIGO Global Diagnostics System (GDS) and will define the tools and environments necessary to support continuous data monitoring of the LIGO interferometers.

Data Monitors have the following operational and functional properties

· Online access to "Current" data (<10 seconds old). 

· Use only those channels in the normal data stream and in the standard frame format. 

· Geared to provide immediate feedback on the how well the instrument is working. 

· Performs intelligent screening of the data requiring non-trivial computational power. 

Data monitors can be used to perform the following tasks

· Detect and tag known terrestrial signals or disturbances to the interferometer e.g. seismic activity or sudden strain relief in suspension wires. 

· Search for pathological conditions e.g. gain peaking in a servo system 

· Gauge current performance of the instrument e.g. measure in-spiral observation volume or excitation state of a suspension wire. 

· Check data integrity e.g. look for bit errors, discontinuities, repeated data, etc. 

· Test and diagnose the instrument interactively. 

3rd party:

Root – This is an object orientated data analysis package, which sets up a scientific program environment. All commands are entered using C++ script. Macros can be written in other programs such as DMT, which can utilize the applications/ libraries.

EPICS – The Experimental Physics and Industrial Control System is a collection of three things; an architcture for building scalable control systems; a collection of code and documentation comprising a software kit; and a collaboration of major scientific laboratories and industry.

FFTW - This is a C subroutine library for computing the Discrete Fourier Transform (DFT) in one or more dimensions, of both real and complex data, and of arbitrary input size.

VxWorks – This program allows an excitation engine to be present on the system. This allows for communication between a Sun Workstation and VME DAC’s and CPU’s, which can be used to artificially excite a particular aspect of the IFO to aid with calibration.
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Figure 1. An overview of the Global Diagnostic System.

Method:

The LIGO 40 prototype does not have a fully working Global Diagnostic System, the task of the SURF 2000 program was to install the relevant software, configure and to exercise its use. At the current moment in time the 40m is going under some intensive building work. The excitation engine, which is required for the GDS to operate at full potential, is not present, and thus the system that is to be installed must be able to bypass the engine and yet be able to incorporate it once one is available.

To install the Global Diagnostic System onto the 40m LIGO prototype, firstly one must be able to get hold of the software. Downloading them from the relevant websites did this. The order of installing the software is vital for the software to work correctly. Firstly, the machine that was being worked on was a Sun Ultra 10, with Solaris version 5. The base system software, which should already be pre-installed, are: Gmake, Automake, Autoconf, Xmgr, Doc++, Latex, Sed, Emacs, m4, Libtool and Binutils. If they are not installed, this must be done. 

The order of installation is quite important but not vital, the approach that was taken is as follows: FFTW, GRASP, DMT, Root, Diag and finally GDS.
The installation of FFTW was simple and no problems were encountered. Installation procedures can be found in the README file, which is in the root directory. Time for installation took in the region of 15 minutes on a Sparc Station 10. The program also contains test programs, which are within a directory called test that allows the user to test certain aspects of the program.

GRASP was easily got hold of via the Internet. Before installation can take place one must modify the SITE_SPECIFIC file, so that the make process can find all the components/ programs that it requires. Modifying can be done by going through the code and looking for the components the make process will look for, and then finding the correct paths of these on the system used for compilation. Changing the paths for these components will result in a successful compilation.

DMT was installed by downloading the program in its entirety from the main LIGO site at Hanford. Compiling was not needed, as the program had been pre-compiled.

The installation of Root was complex. Compiling was difficult because the make process was searching for files that were not present on the system within a variety of makefiles in other directories. A large amount of these files were required for documentation and are thus not vital for a successful GDS. Removing the lines that were calling for the documentation tools and re-directing the paths for required programs resolved this. Once resolved the macros in DMT which are designed for Root would not work. This was caused because DMT and Root were compiled using two incompatible compilers. To get the programs to be compatible with each other required them to be compiled using a common compiler. Fortunately there was a version of Root available compiled in GCC which is compatible with DMT. Once the modified version was made available the two programs communicated with no problems.

Diag and GDS are the heart of the Global Diagnostic System and installation of these is very difficult. Acquiring the software is easy and can be got from Daniel Sigg’s directory. Once the tar balls are gunzipped and untarred one is left with a string of directories each with its own makefile that needs to be modified. The modification is very time consuming and has not been completed.

Results:

The following pieces of software have been installed with success:

–Root: This was installed in /home/jchauhan/rootGCC_2.25-00/root. The installation instructions can be found in the README directory, this version of root has been specially compiled in GCC and is available c/o John Zweizig.
–GRASP: This was installed in /home/jchauhan/GRASP. The installation documents can be found in the /doc directory, these have to be printed before you can install. This particular copy of GRASP can be acquired from http://trantor.bioc.columbia.edu/grasp/.
–DMT: This program did not need to be compiled; instead it was copied directly from the Hanford site and made available c/o John Zweizig. DMT has been installed to /home/jchauhan/DMT/rev_1.2.
–FFTW: This program was downloaded from http://www.fftw.org into /home/jchauhan/FFTW where it was gunzipped and untarred. The installation procedure can be found in the INSTALL file which is in the root directory.

The following pieces of software have been installed on to the system, but still need to be configured for the 40m:

–GDS: Acquired from Daniel Siggs Directory, /home/sigg/gds. The package has been installed to /home/jchauhan/gds/gds.

–Diag: Acquired from Daniel Siggs Directory and has been installed to /home/jchauhan/gds/gds.

-EPICS: (will be required in the future)

-VxWorks: (Will be required in the future)

As part of the installation many environmental variables need to be specified, these can be found in /home/jchauhan/local.cshrc file, although it does not automatically load on boot so one must do the following:

Type, more local.cshrc
Highlight the environmental variables

Click the middle mouse button in the terminal window.

This will then set up the necessary variables.

The programs used to produce the following plot were Root and DMT. Before the plot can be made all the environmental variables must be set, loading the commands and substituting the file to be read for           C1-621619310.A in the local.cshrc file does this.

To produce the following plot, one must start up root, this is done by typing “root” at the command prompt and then proceed with the following set of commands which are all written in C++ code:

In.addChannnel((IFO_Seis()

In.fillData(1.0)  

Tplot(In.refData((IFO_Seis())

Tseries ts(*In.refData((IFO_Seis())

Tplot(&ts)

TPlot
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Figure 2: An example of Seismic Noise in ADC units using Root and DMT.

The data being read in figure 2 is 40m data from its archive. The graph shows a periodic nature lasting about 1 second per wavelength measured in ADC units.







Figure 2 shows an example of a ringdown effect using GRASP, which can be found in the /home/jchauhan/GRASP directory. The particular program used to produce this plot is called river, which can be located in /bin directory. Before the program will work, the GRASP_PARAMETERS variable must be set to the directory containing the GRASP parameters, this directory can be found in the /GRASP/parameters directory.  To execute the program the following command must be typed:

./river | xmgr -pipe
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Figure 3: An example of a ring down effect using GRASP, displayed using xmgr.

Discussion:

The software that has been installed on to the LIGO 40m prototype is the current and most recent version available at the time. Major changes that will need to be done to the system in the short future will be to install an excitation engine. Which will require the installation VxWorks and EPICS and to configure for the current setup.

Other changes that are occurring at this present moment in time is the development of LDAS, which will eventually perform the same functions as GRASP. Its main virtue is scalability: it is a framework for running on many distributed processors, so as the amount of data and needed CPU cycles increases, LDAS provides the tools to scale up more robustly than GRASP. Once LDAS has been completed GRASP will be obsolete. 

The biggest troubles experienced during the process of installation despite the lack of documentation tools were the problem of incompatible compilers. The only solution to this problem would be to find a common compiler in which to build all the software; this should resolve virtually all the problems experienced.

As time goes on and an excitation engine is installed and working, the ideal upgrade to follow from there on would be to put in a trigger system that would be able to detect a gravitational wave or at least be able to simulate a gravity wave with the aid of the excitation engine.

Appendix

Acronyms Used:

LIGO – Laser Interfermetric Gravitational Wave Observatory.

GDS – Global Diagnostic System.

MIT – Massachusetts Institute Of Technology .

CDS – Control Data System.

DAQ – Data Acquisition.

CPU – Central Processing Unit.

DAC – Digital to Analogue Converter.

DMT – Data Monitoring Tool.

EPICS – Experimental Physics and Industrial Control System.

FFTW – Fastest Fourier Transform in the West.

FFT – Fast Fourier Transform.

IFO – Interferometer.

LDAS – LIGO Data Analysis System.

Sources OF Software:

GDS – c/o Daniel Sigg
Diag – c/o Daniel Sigg
GRASP – http://trantor.bioc.columbia.edu/grasp/
Root – http://root.cern.ch
DMT – c/o John Zweizig.
FFTW – http://www.fftw.org
References:

www.ligo.caltech.edu
www.ligo-wa.caltech.edu/gds
root.cern.ch
www.fftw.org
www.ligo.caltech.edu/~ajw/
www.ligo.caltech.edu/jzweizig
Numerical Recipes In C++, Cambridge University Press, William H. Press, et al, 1994.
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