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ABSTRACT 

Evaluating whether or not a new seismic processing algorithm can improve the performance of the operational system 
can be problematic: it may be difficult to isolate the comparable piece of the operational system; it may be necessary 
to duplicate ancillary functions; and comparing results to the tuned, full-featured operational system may be an unsat- 
isfactory basis on which to draw conclusions. Algorithm development and evaluation in an environment that more 
closely resembles the operational system can be achieved by integrating the algorithm with the custom user library of 
the Detection and Feature Extraction @FX) code, developed by Science Applications International Corporation. This 
integration gives the seismic researcher access to all of the functionality of DFX, such as database access, waveform 
quality control, and station-specific tuning, and provides a more meaningful basis for evaluation. 

The goal of this effort is to make the DFX environment more accessible to seismic researchers for algorithm evalua- 
tion. Typically, a new algorithm will be developed as a C-language program with an ASCII test parameter file. The 
integration process should allow the researcher to focus on the new algorithm development, with minimum attention 
to integration issues. Customizing DFX, however, requires software engineering expertise, knowledge of the Scheme 
and C programming languages, and familiarity with the DFX source code. We use a C-language spatial coherence 
processing algorithm with a parameter and recipe file to develop a general process for integrating and evaluating a 
new algorithm in the DFX environment. To aid in configuring and managing the DFX environment, we develop a 
simple parameter management tool. We also identify and examine capabilities that could simplify the process further, 
thus reducing the barriers facing researchers in using DFX.. These capabilities include additional parameter manage- 
ment features, a Scheme-language template for algorithm testing, a generic algorithm interface encompassing 
expected DFX functionality and algorithm input and output, and the aggregation of some DFX hctionality to sim- 
plify the interface. 
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OBJECTIVE 

Research and technical advances continually produce ideas for new seismic processing algorithms. A researcher will 
develop an algorithm, test with an available data set, and report findings, largely independent of the operational sys- 
tem and practices. Evaluating whether or not the new algorithm improves the performance of the operational system 
can be problematic: it may be difficult to isolate the comparable piece of the operational system; it may be necessary 
to duplicate ancjllary functions; and comparing results to the tuned, full-featured operational system may be an unsat- 
isfactory basis on which to draw conclusions. To provide a more suitable basis for comparison, resources may be 
spent duplicating or emulating aspects of the operational system. Not only does this dilute scarce research resources, 
the result still may not be sufficient to provide a satisfactory comparison. If an algorithm shows promise, the next step 
may well be another development and evaluation cycle to provide an accurate comparison to the operational system. 
If an algorithm can be evaluated adequately and the decision is made to adopt it, it is often in a form not readily 
usable in the operational system. 

For at least the station processing segment of the operational system, it appears tractable to develop some general 
tools or software components to allow algorithm development and evaluation in an environment that closely resem- 
bles the operational system. The Detection and Feature Extraction (DFX) code, developed by Science Applications 
International Corporation, contains hooks for a custom user library where algorithms can be integrated. This integra- 
tion gives the seismic researcher access to all of the functionality of DFX, such as database access, waveform quality 
control, and station-specific tuning, and provides a more meaningful basis for evaluation. Customizing DFX, how- 
ever, requires software engineering expertise, knowledge of the Scheme (a variant of LISP) and C programming lan- 
guages, and familiarity with the DFX source code. 

Our goal is to make the DFX environment more accessible to seismic researchers for algorithm development and 
evaluation in a more realistic environment. We use a C-language program, based on the multiple-channel spatial 
coherency approach of Wagner and Owens (1996), and an ASCII-text parameter file to develop a general process for 
integrating and evaluating a new algorithm in the DFX environment. To aid in configuring and managing the DFX 
environment, we develop a simple parameter management tool. We also identify and examine capabilities that could 
simplify the process further, thus reducing the barriers facing researchers in using DFX. These capabilities include 
additional parameter management features, a Scheme-language template for algorithm testing, a generic algorithm 
interface encompassing expected DFX functionality and algorithm input and output, and the aggregation of some 
DFX functionality to simplify the interface. 

RESEARCH ACCOMPLISHED 
Understanding DFX 

Our first step was to understand DFX. We needed to configure and run the current station processing algorithms to 
provide a basis for evaluating a new algorithm. We needed to understand the capabilities within DFX and how to 
reuse them in new algorithm development. 

“The Detection and Feature Extraction program (DFq provides a general-purpose signal 
processing environment. It is intended to provide a certain degree of modular Jitnctionality so 
that many applications and configurations can be accommodated.” (Wahl1996b). 

DFX is a programming environment; it has a toolbox of functions, a way to represent data, and an application pro- 
gram interface (MI). DFX is a C-language progmm that performs some initialization and then runs a Scheme inter- 
preter on subsequent input. During initialization, DFX reads the command line arguments, parameter files, and Unix 
environment, and loads .scm initialization files that define various functions and objects. DFX will also load an 
optional .DFXinit Scheme file fiom the user’s home directoy. Commands entered via the user interface are inter- 
preted and executed. Commands may be typed in interactively by a user, or a sequence of commands may be stored in 
a .scm file and then executed by loading the file. New fimctions may be defined by the user. DFX can behave like a 
stand-alone program by giving it, as a command line argument, a parameter file that specifies a particular .scm file to 
execute upon start up. If no .scm file is specified, or if the specified program doesn’t exit, DFX presents an interactive 
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environment to the user. DFX displays a prompt and interprets Scheme commands that are entered. (Readers familiar 
with the MATLABB programming environment may find it help to draw an analogy: DFX <=> MATLAB; .scm file 
e=> .m file; Scheme e=> MATLAB language; C function bound to Scheme <=> MEX function; DFX library e=> 
toolbox; Generic Object <=>Matrix.) 

Configuring DFX Parameters 

The DFX environment is configured at run time with desired values for various operational parameters. It is typically 
used for performing the same signal processing routine on different, configurable data sets: different stations, differ- 
ent time intervals, or different recipe and parameter values - exactly the sort of processing needed for algorithm eval- 
uation. Usually this involves too many input parameters to be manageable on the command line. Most configurable 
parameters are managed through parameter and recipe files. (A recipe may be considered a special type of parameter, 
and hereafter both types of files will be referred to as parameter files.) 

Parameter files serve many purposes: along with source versions, they define the state of the system at the time an 
event is detected, necessary to justify, analyze, and reproduce processing results; they manage variations in the input 
parameters for different instances of the same executable, usekl for processing multiple stations and time intervals 
and including station-specific parameter values; they can provide consistent settings across different executables, 
allowing existing finctionality such as waveform quality control to be easily incorporated into a new algorithm; they 
allow a program to run without a user interface; and they allow variations without modifying or recompiling the code. 

Using parameters and parameter files provide power and flexibility in running an algorithm, but may make it difficult 
to determine what specific parameter value was used to produce a particular result. Parameter files may include other 
parameter files. Parameter values may be built fi-om other parameters or the environment. Values may be set on the 
command line, overriding the values set in parameter files. Parameters may not appear in the parameter files, being 
left to defaults embedded in the code. Parameters may be defined multiple times, and may actually be used with dif- 
ferent values during parameter file parsing. Associating a parameter value with a result is largely limited to assigning 
a user a specific parameter file directory, providing version control of the parameter files, and storing the author and 
processing date of the result. The sheer volume of parameters used in the entire system firther complicates managing 
and understanding parameter files, being logical to organize certain parameters by station, some by executable, and 
still others by user or some other organizing principle. The same parameter may appear in a number of different files 
where each must be consistent for proper operation. There is no validation when editing or creating parameters that a 
valid value has been assigned to a parameter. 

This system of using parameters and parameter files begs for a tool to help a user understand, organize, and modify 
parameters. Some basic browsing and editing capabilities that recognize general features of parameter files, like com- 
ment lines and file inclusion, could help tremendously with determining specific parameter values and reading arbi- 
trary files, Additional capabilities could encompass relationships and dependencies between parameter files. One can 
envision more advanced capabilities, less general in nature, that take advantage of the specific system implementation 
knowledge beyond the fundamental Yibpar” conventions. Advanced capabilities could be tailored to a specific situa- 
tion like finding a parameter value used to obtain a result or setting up a new processing environment. 

Parameter Management Tool 

With this in mind, we developed a prototype application to demonstrate the concept of a Parameter Manager tool. It 
was developed with a limited amount of effort, primarily focused on building a framework to which finctionality can 
be added. The application was developed using object-oriented design methods and is implemented in Java. It uses 
the Java Foundation Classes (JFC), and the Sun HotJava Browser Bean. The JFC is a Graphical User Interface Class 
Library that is standard with Sun’s Java Development Kit, Version 1.2. The HotJava Browser Bean is a commercially 
available software component that provides many of the features of Sun’s HotJava Web Browser. The HotJava 
Browser Bean is comprised of a set of Java classes that the user integrates to create the desired functionality. An 
example screen is shown in Figure 1. 
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Figure 1. Parameter Manager Tool 

The application has two windows to view information. The first is the Directory Tree, which displays the directories 
and files of the system in a tree structure. When the user clicks on a directory, it expands to show all of the files and 
subdirectories contained within. Likewise, the directory can be collapsed to hide this information. By default, the 
"root" of the tree is the directory that the application starts in. The user can change the root directory by typing in a 
new path, and the new directory tree is displayed. The tree is contained in a scroll panel so that the user can easily see 
the parts of the tree as it grows larger than the window. 

The second window is the Browser, which is used to display the contents of files. The Browser operates much like a 
normal web browser, except that it is integrated into the application so that it interacts with the Directory Tree. 
Browser buttons allow the user to navigate forward and backward through a list of documents, reload the current doc- 
ument, stop loading, and return to the home document. The Browser is used to display text and HTML files and can 
be configured to function as a Web Browser as well. 

To view the contents of a file in the Browser, the user clicks on it in the Directory Tree. Different file types can be 
viewed. A normal text file is displayed as is, while a file with a parameter file extension (.par) or recipe file extension 
(.rec) is processed before display. A copy of the file is converted into an HTML file by inserting the appropriate 
HTML tags. Comment lines are recognized and the comment text is changed to a different color. The HTML version 



of the file is then displayed to the user. Parameter and recipe files are converted to HTML documents to make the files 
easier to view and understand. HTML provides a flexible way to modify text files such as adding color, changing font 
type and size, creating tables, and creating links to other documents. 
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Other features of the Directory Tree include showing "hidden" files, updating the existing tree when the file structure 
has been changed by another process, and reselecting the current file so that the display is updated in the Browser 
when the file has been changed. Other features of the Browser include finding a specified text string in a document 
and setting network preferences to allow it to be used as a Web Browser. 
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Integrating An Algorithm Into DFX 
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We develop a general process for developiy and integrating a station processing algorithm into the DFX environ- 
ment, implementing Wagner and Owens's multiple-channel spatial coherency algorithm as a test case. We identify 
features and functionality that could simplify the process, thus allowing the researcher to focus on the algorithm 
rather than integration. For the integration process, we divide development activities into three general categories of 
software to consider: the algorithm itself, an application Scheme program to be loaded by DFX, and interfacing func- 
tions between the DFX Scheme environment and the algorithm. Currently, the researcher must provide the integration 
at all three layers, as shown in Figure 2, but we intend to simplify the process to allow the researcher to work at the 
algorithm level. 
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Figure 2. Integration Process 

First, we need an algorithm. We start with the premise that a seismic researcher would develop a new algorithm using 
a C language function and an ASCII text parameter file. The C function may be self-contained, or may link to other 
functions and libraries, including MATJAB and Fortran routines or other user-defined libraries as in our test case. We 
wish to reuse the available DFX capabilities, such as robust database access, waveform calibration, and quality con- 



trol masking, so we scope the C function to waveform processing and identify typical types of input and output. Typ- 
ical input arguments include the station, time interval, and waveforms of interest with or without quality-control 
criteria applied. Typical output arguments include processed waveforms, arrivals, and signal measurements that may 
be inserted into a CSS 3.0 database. In addition to this common input and output, which we can treat generically, we 
expect algorithm-specific input parameters and arbitrary output either unique to the algorithm or desired for develop- 
ment and evaluation. 

We can restrict unique output to our C function without loss of capability; unfortunately, such a restriction on the 
algorithm-specific input limits our ability to use DFX. Algorithm-specific parameters are used in the application 
Scheme program primarily for two purposes: building the waveform selection query, which is not generalized across 
applications; and applying the same algorithm to the same data interval for different recipes, such as for beam form- 
ing or different filter bands. There are several approaches to integrating unique input. For our test case, we choose to 
integrate tightly, creating an algorithm-specific recipe object that is passed back and forth between the C and Scheme 
domains. Close coupling will provide experience with all aspects of integration, from which we can abstract general- 
ized capabilities to simplify integration of algorithm-specific parameters. 

Second, we need an application Scheme program that can be loaded by DFX. This Scheme program controls process- 
ing flow, and calls C functions as needed for mathematical calculations. The general form of one of these programs is: 
read all input parameters and recipes; build the query and request waveform data from the database; read the wave- 
form files, applying calibration; build the quality control masks if desired; for each recipe, call the algorithm and col- 
lect the results; store results in the database. The spatial coherence application follows this general format, using DFX 
capabilities, quality control recipes, and processing parameters. We add a spatial coherence recipe object and the 
needed initialization, query building from the recipes, and the Scheme command to call to our C function. As a result, 
we collect a processed waveform for each recipe. The general pattern of station processing algorithms will provide 
opportunities to simplify integration. 

Third, we need interfacing functions between the Scheme and C domains. DFX contains a user library that may be 
customized for this purpose. The user library initialization routine is called as part of DFX initialization, before a 
Scheme program is loaded. We must modify this initialization routine to define how DFX should map our Scheme 
command to our C fbnction (called “binding”). This is a one line addition to the initialization routine for each new C 
function that we want to call from within our Scheme application program, specifying the Scheme text string we use 
to call the C function, the C function, and the number of input arguments. There is only one output, the return value. 

A C function that can be bound to Scheme takes only LISP objects as input arguments, and returns a static LISP 
object. We could provide this interface to our spatial coherence algorithm, but we choose to develop our algorithm as 
a general C fbnction that could be called by programs other than DFX. Instead, we make an interface function that 
converts the input LISP objects to C variables, calls the spatial coherence function, converts the result to a LISP 
object, and returns the LISP object. It is this interface function that we bind to Scheme. The DFX Generic Object 
library consists of a C structure and set of functions for converting, accessing, and manipulating arbitrary data struc- 
tures. All of the typical station processing objects - waveforms and quality control recipes, for example - are repre- 
sented as Generic Objects. We choose to represent our new spatial coherence recipe as a Generic Object so the 
conversions between LISP and C are taken care of for us. We declare the desired C data structure and, in the user 
library initialization routine, call the Generic Object library function to “compile” it into a Generic Object. 

Spatial Coherency Algorithm Example 

For our test case, we implement the multi-channel spatial coherence signal detection approach of Wagner and Owens 
(1996). The spatial coherence is measured as the largest eigenvalue of the data covariance matrix. The technique can 
be applied to both three-component stations and arrays. We intend to evaluate its performance as compared to tradi- 
tional polarization and beam-forming techniques. 

For a test set, we use a 24-hour period of seismic waveforms and events on December 24,1996. The data set encom- 
passes 16 three-component stations and 14 arrays of the International Monitoring System primary network. The 
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events are “courtesy of the Center for Monitoring Research’s experimental International Monitoring System, an 
ongoing international experiment in using various technologies to monitor nuclear test ban compliance. Events in the 
IDC bulletin should be regarded as the product of an evolving experimental program and not final seismic locations.” 
(PIDC, 1996). 

We develop a C function to perform the spatial coherence processing. The inputs to the function are a spatial coher- 
ence recipe, the waveforms and quality control masks for the channels specified by the recipe, and the start and end 
times of the processing time interval. The output of the hnction is a processed waveform analogous to a beam. 
Within the hnction, the following steps are performed each input waveform is scaled by a channel-specific weight; 
the waveform data is fixed, interpolated, and masked (or left alone) according to the quality control mask informa- 
tion; the waveform is filtered for a desired recipe frequency band using an existing Fortran filter routine; the wave- 
form data are passed to MATLAB routine that windows the data and computes the largest eigenvalue in each time 
window; and the time-series of eigenvalues is processed with a STAnTA algorithm. The spatial coherence recipe 
specifies a recipe name (used as the processed waveform channel name), the length of the spatial coherence window, 
the desired output sample rate (which determines window overlap), an optional limit on the maximum output value, 
optional special handling of a channel that is inconsistent with the others (arrays only), short-term-average and long- 
term-average window sizes, filter band and type, and the set of input stations and channels. For each three-component 
station and array to be processed, we set up a parameter file with the set of recipes we wish to process. We use multi- 
ple recipes for different fiequency bands, 

We process the test set once using the spatial coherence algorithm, and again using the traditional polarization and 
beam-forming capabilities in DFX. We set up the quality control recipe for spike detection and elimination, interpola- 
tion across gaps in the data, etc. as desired, and use the same recipe for both techniques. Station-specific parameters, 
such as a scale factor, are used to tune the performance. We are able to compare a variety of performance factors, 
including detection ability, regional variations, individual station performance, and execution speed. An example is 
shown in Figure 3. 
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Figure 3. Algorithm Comparison Example 
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CONCLUSIONS AND RECOMMENDATIONS 

We have shown that the DFX environment can be used for algorithm development and evaluation. The parameter 
management tool aids in configuring and managing the DFX environment. We can hrther reduce the barriers facing 
researchers in using DFX by simplifying the integration process. Desired capabilities include additional parameter 
management features, a Scheme-language template for algorithm testing, a generic algorithm interface encompassing 
expected DFX functionality and algorithm input and output, and the aggregation of some DFX functionality to sim- 
plify the interface. 

The current version of the parameter manager tool provides a limited amount of parameter file processing. Future 
enhancements to the application would provide functions such as: 

Expand and define macros in the parameter file to show their actual value. 
Create hyperlinks for parameter file references within a parameter file that can be used to navigate to the ref- 
erenced file. 
Provide file editing from within the application. 

Currently, the integration process requires the researcher to perform interfacing at all layers between the new C func- 
tion and the DFX environment. With some additional capabilities, we can push the interface boundary out to the 
research domain of a C function, data structure declaration, and parameter file. Enhancements include: 

Define a set of capabilities, assessing how generally useful they would be and the extent to which they can 
realistically eliminate or reduce the amount of DFXScheme knowledge required of the researcher. 
Develop a Scheme template that a researcher could follow, or a “wrapper” program that a researcher could 
use as is, that does much of the commonly expected functions, such as expected algorithm YO and database 
access. 
Develop an interface template or “wrapper” program with predefined inputs and outputs and a generic call to 
the new algorithm that a researcher could link to. 
Develop a library of general functions at a higher level than DFX objects and functions, such as: returning 
quality-controlled waveforms for a given query; generating C header files, Scheme class definitions, and/or 
interface code from parameter files; generalizing some DFX functionality; and aggregating some DFX func- 
tionality. 
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