UNCLASSIFIED

AD NUMBER

AD864882

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Qperational Use; 10 FEB 1970.

O her requests shall be referred to Air Force
Techni cal Applications Center, WAshington, DC
20333.

AUTHORITY

AFTAC USAF |tr 25 Jan 1972

THISPAGE ISUNCLASSIFIED




e

This document s subject to sprcial export cantrols and eac

AFEHE Brogsct No. VTla10 RS T S il
i em onleith prior apprpval of Chie AC
J (R ) foila U 220545
LONG PERIOD ARRAY
PROCESSING DEVELOPMENT
Quarterly Report No. 3
1 November 1969 to 31 January 1970

T. W. Harley, Program Manager
Area Code 292, 244-4894

TEXAS INSTRUMENTS INCORPORA TED
Services Group
P.O. Box 5621
Dallas, Texas 75222

AD 864882

Contract No. F33657-69-C-1063
Amount of Contract: $391, 000
Beginning 21 April 1969
Ending 21 February 1971

Prepared for

AIR FORCE TECHNICAL APPLICATIONS CENTER
Washington, D,C. 20333

Sponsored by

ADVANCED RESEARCH PROJECTS AGENCY
Nuclear Monitoring Research Office
ARPA Order No. 624
ARPA Program Code No. 9F10

i
]

10 February 1970 o,

i1 .
[
{ G Lo

\ B

Acknowledgment: This research was supported by the Advanced
Research Projects Agency, Nuclear Monitoring Research Office,
under Project VELA-UNIFORM, and accomplished under the tech-
nical direction of the Air Force Technical Applications Center
under Contract No. F33657-69-C-1063,

Reproduced by the
CLEARINGHOQUSE
for Federal Scientific & Technical
Information Springfield Va. 22151

science services division



e T e

Nt ™™ et

——enamd

Y
— ammed

[ |

br——)

| S |

&

This document (s subject to apecial export controls and each
tranamittal to foreign governments or foreign nationala may
be made anly with prior approval of Chief, AFTAC

AFTAC Project No. VT/9707

L.ONG PERIOD ARRAY
PROCESSING DEVELOPMENT

Quarterly Report No. 3
1 November 1969 to 31 January 1970

T. W. Harley, Program Manager
Area Code 292, 244-4894

TEXAS INSTRUMENTS INCORPORA TED
Services Group
P.O. Box 5621
Dallas, Texas 75222

Contract No. F33657-69-C-1063
Amount of Contract: $391, 000
Beginning 21 April 1969
Ending 21 February 1971

Prepared for

AIR FORCE TECHNICAL APPLICA TIONS CENTER
Washington, D.C, 20333

Sponsored by f

ADVANCED RESEARCH PROJECTS AGENCY
Nuclear Monitoring Research Office
ARPA Order No. 624
ARPA Program Code No. 9F]0

10 February 1970

Acknowledgment: This research was supported by the Advanced
Research Projects Agency, Nuclear Monitoring Research Office,
under Project VELA-UNIFORM, and accomplished under the tech-
nical direction of the Air Force Technijcal Applications Center
under Contract No. F33657-69-C-1063.




This document is subject to special export controls and each
transmittal to foreign governments or foreign nationals may
be made only with prior approval of Chief, AFTAC,

Qualified users may request copies of this document from:

Defense Documentation Center
Cameron Station
Alexandria, Virginia 22314

acience asarvicase Ailvialan



>

| e e

e

-3

f:.

tl iy prosimy,

== 3

SECTION TITLE
I INTRODUCTION AND SUMMARY
II ON-LINE PACKAGE
A. INTRODUCTION
B. PACKAGE CONFIGURATION
l. Modifications for Partitioned
Operation
2. Initialization Routine
3. SAAC Develocorder Subtask
4, Update Subtask
C. LIBRARY TAPE FORMAT
D. PACKAGE OPERATION
1. ALPA MMC Software Support
2. ALPA Data Quality Evaluation
E. STATUS
ITII OFF-LINE PACKAGE
A. INTRODUCTION
B. GENERAL PROCESSING FLOW
C. PROGRAM DESCRIPTION
l. MCFGEN
2. Time Domain Filter Application
3. Beam Analysis
D. TAPE USAGE
E. STATUS
IV REFERENCES
LIST OF APPENDICES
APPENDIX TITLE
A CARD INPUT FOR INITIALIZATION ROUTINE
B ON-LINE TYPEWRITER INPUT FOR THE UPDATE
SUBTASK
C ALPA LIBRARY TAPE FORMAT

TABLE OF CONTENTS

PAGE

A-1

B-1



FIGURES

it=1
I11-2
II-3

I1-4

FE=3
111~
IIT-2
ITI-3
III-4
III-5
III-5
III-5
III-5

III-6

III-7
III-8
III-9
III-10
III-11

III-12

I11-13

LIST OF FIGURES

ON-LINE DATA FLOW
CONTROL TASK (MAIN FLOW)
INITIALIZATION ROUTINE (INPUT)

INITIALIZATION ROUTINE (INITIATE ON-LINE
PACKAGE)

SAAC DEVELOCORDER SUBTASK

OFF-LINE SOFTWARE MAIN-LINE FUNCTIONS
MCFGEN GENERAL FLOW

MCFGEN EVENT INITIALIZATION

MCFGEN FREQUENCY INITIALIZATION
MCFGEN FILTER DESIGN PART A

MCFGEN FILTER DESIGN PART B

MCFGEN FILTER DESIGN PART C

MCFGEN FILTER DESIGN PART D

GENERAL FLOYW FOR TIME DOMAIN FTLTER
APPLICATION TDFILT

TDFILT EVENT INITIALIZATION
TDFILT SET UP OUTPUT BEAM CONTROL
TDFILT FILTER PREPARATION

TDFILT BEAM GENERATION

BEAM ANALYSIS GENERAL FLOW

PHYSICAL FORMAT PROCESSING TAPES OFF-
LINE

OFF-LINE SOFTWARE PACKAGES BY DATA DE-
PENDENCE

iv

II-8

II=9
III-2
ITI-5
ITI-7
III-8
III-10
IIT=11
ITT-12

IIT-13

IITI-17
IIT-18
III-20
ITT-21
IIT-24

IIT-2¢

IIT-28

III-31

s, ]

2P,
M

sy
[ TS

0O



TABLE

III-1

LIST OF TABLES

BEAM ANNOTATION SPECIFICATIONS

v/vi

PAGE

III-6



B e

7BLANK PAGE




Yoo

—l

¢

o

'fu_“f, f'l""' o 3

o

B o

iy
g

SECTION I
INTRODUCTION AND SUMMARY

o

This third quarterly report describes progress made
during the period 1 November 1969 to 31 January 1970 on the
Long Period Array Processing Development program.being con-
ducted by Texas Instruments at the Seismié Array Analysis
Center (SAAC). ~The purpose of the program is to develop on-
line and off-line software and to use the software to evalu-
ate the detection and discrimination capabilities of the
Alaskan Long Period Array (ALPA). |

The on-line package has been described previously in
Quarterly Reports No. ll and No. 22. It acquires data from
the ALPA-SAAC transmission link and performs quality checks,
beamforming, recording and display of the ALPA data and pro-
vides operational status summaries. Software effort in the
last quarter has been directed toward modifying the package to
operate in the foreground partition of the NORSAR 5360/40. This
mode of operation allows the 75% to 80% of the 5360/40 Central
Processing Unit (CPU) not required for ALPA on-line processing
to be utilized for job shop operations. Refinements to the
tape format and Saac develocorder subtask also were completed.

During December and January the on-line package was
run for periods of up to 12 hours. These samples were used to
assist Geotech personnel in checking out their software at the
Maintenance and Monitoring Center (MMC) in Alaska and to pro-
vide them with information on the data quality of operational
seismometers. The on-line package will be implemented on a
continuous basis early in February.



The off-line package has been described previously
in Quarterly Reports No. ll and No. 22. Functionally the
package can be divided into three parts, data selection
(selection, editing and quality checking of data to be pro-
cessed) ,signal enhancement processing {(generation of the noise
spectral matrix, multi-channel filter design and filter appli-
cation) and analysis processing (signal and noise analysis and
discrimination analysis). The data selection software has been
completed, the signal enhancement software is nearing completion,
the analysis software has been defined and parts have been com-
pleted. During the next three months coding and checkout of
the off-line package will be completed and off-line evaluation
will begin. Software effort after this phase will consist of
upgrading existing software and incorporating signal processing
techniques which have been shown useful by studies conducted
on the Seismic Array Data Processing Techniques program being
conducted by TI in Dallas.

e



O

)

SECTION II
ON-LINE PACKAGE

A. INTRODUCTION

Quarterly Reports No. 1 and 2 have described the
functions, data flow and structure of the on-line package.
This report will summarize modifications made to the on-line
package during the last quarter, describe the initialization
and update tasks in more detail, and review operation of the
package to date. H

The major programming effort during the last
quarter involved modifying the on-line package so that it
could operate in the foreground partition of the NORSAR
$360/40. By operating the ALPA on-line package, which takes
between 15% and 292 of the Central Processing Unit (CPU)
capacity in the foreground partition, the remaining CPU ca-
pacity can be utilized for other processing unrelated to
ALPA. Thus the overall computation capacity of SAAC is
significantly higher than if the NORSAR S360/40 were dedic-
ated solely to ALPA on-line processing. The program modif-
ications involved the control task and the frame and block
processor subtasks and are described later in this section.

The initialization routine is used to initiate ALPA
on-line processing. Flow diagrams for this routine are pre-
sented in this section and the card input formats are detailed
in Appendix A. The update subtask allows on-line modification
of ALPA processing parameters; a summary of all possible
updates is presented in Appendix B.

A detailed description of the ALPA library tape

format was submitted to AFTAC on 1 December 1969; the format
is set up to be compatible for both S$360/40 and SPS ALPA

II-1



on-line processing. Since 1 December, a few minor additions
to the tape format have been made; a complete current ALPA
library tape format is given in Appendix C.

During December and January the on-line package
has been run several times for periods oi up to 12 hours to
collect data samples from ALPA. These samples have been
used to support Geotech personal in their debugging of the
ALPA MMC software and to evaluate the gquality of the seismic
data being transmitted from ALPA. Results of these analyses

are described briefly in this section.
R, PACKAGE CONFIGURATION
1. Modifications for Partitioned Operation
a. General

Since the ALPA on-line package needs only 15% to
20% of the NORSAR S360/40 CPU capacity, the remaining computa-
tional capacity could be employed by other jobs running
.concurrently on the machine. To accomplish this mode of
operation the S360/40 supervisor was designed to divide the
machine into three partitions; foreground 1, foreground 2
and background. The on-line package resides in foreground 1
and so has highest CPU priority.

In the partitioned mode of operation the supervisor
assigns periphery devices to a particular partition. It is
desirable to assign the printer to the background partition
since most jobs that are run in background require the use of
a printer. Note, however, that the on-line package also
requires a printer for messages from the frame processor and
for the block processor summary printout. Since only one
printer is available to the NORSAR $360/40 and, further,
since the printer must be available to background partition

II-2




jobs if effective use is to be made of the available CPU
capacity, the on-line package was revised so that the printer
could be assigned to the background partition and the re-
quired printed output from the on-line package still could

be obtained. Modifications to the control task, the frame
processor and the block processor were required; these are
described in subsequent subsections. Figure II-1 shows the
revised data flow for the on-line package.

b. Control Task

Figure II-2 shows the main flow for the control
task. (this figure updates Figure II-2 of Quarterly Report
No. 2) An additional step, namely opening the disk for
"spooling" the block processor printout (Section II-1-d) is
required for partitioned operation. 1In addition, the steps
in terminating the on-line package are described in more
detail.

c. Frame Processor

Messages from the frame processor are irregular
and generally short in nature. In addition, they normally
indicate an error condition and so it is important that
they be displayed immediately. Thus messages from the
frame processor have been transferred from the printer to
the console typewriter. In the process of transferring the
frame processor printout to the typewriter, the format
was standardized and the timing tag made consistent with
the timing tag typed by the update insertion subtask. At
the same time, minor bugs connected with infrequently encoun-

tered tape error conditions were corrected.

d. Block Processor

In order to obtain the summary printout from the

block processor a technique known as "spooling" was

II-3
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implemented. 1In this technique the block processor printout
is transferred to a 2311 disk pack storage device using
logical I/0 Control System MACROS. When half the 2311 stor-
age area is filled with ALPA printout information, a message
is sent to the operator, who loads a background partition
ALPA print program that outputs the information on the
printer. Between executions of this ALPA print program, the
background partition is available for processing unrelated
to the ALPA processing.

2. Initialization Routine

The inialization routine was described in
Section II-B-2 of Quarterly Report No. 2. Figures II-3
and II~-4 are flow diagrams for this routine. Figure II-3
shows the input sequence for initializing processing para-
meter, Figure II-4 shows the flow followed in constructing
certain areas of core and preparing for on-line operation.
‘The specific card input for the processing parameters is
given in Appendix A.

3. SAAC Develocorder Subtask

The SAAC develocorder subtask was rewritten to
implement a new method of sychronizing the ALPA transmis:-
sions and develocorder output. In addition, a message "SAAC
DEVELOCORDER INTERRUPT RECEIVED" was incorporated at the point
where the first output transmission to the develocorder is
made. This message permits the user to know immediately the
on/off status of certain equipment associated with the
develocorder. Figure II-5 shows the modified flow diagram
for the SAAC develocorder subtask.

4. Update Subtask

The update subtask allows the operator to change
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ALPA processing parameters while the on-line package is
operating. Flow diagrams for this section of the on-line
package have been given in Quarterly Report No. 2. The
updates which are possible are describes in Appendix B.

C. LIBRARY TAPE FORMAT

The ALPA library tape format was defined jointly
by TI and IBM and summarized in a memo to AFTAC dated
1l December 1969. The primary objective was to make the
format consistent for both NORSAR S360/40 and SPS ALPA
on-line processing. Since 1 December 1969, a few more

modifications have been made to the format, primarly to make
the ALPA library tape consistent with other IBM tape formats.

A current definition of the ALPA library tape format is
given in Appendix C.

D. PACKAGE OPERATION

1. ALPA MMC Software Support

During the month of December, the first trans-
missions from the ALPA Maintenance and Monitoring Center
were received., A program was written to print the trans-
missions as received from the ALPA library tape. The
printouts were used by Geotech to aid in eliminating
several software problems affecting the ALPA transmissions.
Among these software problems were:

® §Site error table and seismometer function
table settings not corresponding to the
seismometers which were up

° A buffering problem in which zeroed and
erroneous data were received at some
seismometers every other second

II- 10
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° Unnormalized gain-ranged data points
(reducing the dynamic range of the
data)

© TIllegal gain codes in some of the data
points

° Improperly incrementing timing codes.

puring early January, most of these problems were eliminated

by Geotech.
2. ALPA Data Quality Evaluation

Preiiminary analysis of ALPA data recorded at
SAAC has been performed during the month of January. The
analysis has been aimed at obtaining an estimate of the
quality of the data as it is received in Washington, and to
point out possible problem areas. Data types examined
include several samp'es of ambient noise, system noise tests
and calibrations at sites 1, 3, 4, and 5 and two events.
Outputs include plots and mean square values of the wiggly
traces, DC levels in the data, power density spectra and
selected two-channel coherencies. The results of this
analysis are routinely reported to ALPA and to VSC persornnel.
This effort will be continued in support of the array instal-

lation.
E. STATUS

The on-line package will be implemented on a
continuous basis early in February. All modifications neces-
sary for partitioned operation have been made and on-line
checkout is currently in progress.

Two significant on-line efforts remain to be
completed; formatting data for the VSC develocorder and imple-
menting an on-line adaptive beamforming algorithm. Definition



of each task has been completed and these efforts will be
completed by the end of February and end of March respect-
ively.
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SECTION ITI1
OFF-LINE PACKAGE

A. INTRODUCTION

In previous quarterly reports, the basic off-line
software organization and approaches have been discussed. The
data preparation programs QCEDIT and NOISE have also been exam-
ined in detail. In this gquarterly report the off-line software
configuration, including a summary of the functions of main-
line software packages, will be brought up to date. The signal
enhancement programs and tape usage also will be discussed and

current status and future plans will be reviewed.

B. GENERAL PROCESSING FLOW

Figure III-1 is a generalized flow diagram which de-
scribes the off-line data flow and summarizes the functions of
the main-line software programs. The programs SELECT and
QCEDIT perform the editing functions of the off-line package.
Events and noise samples are edited from the ALPA library tapes
onto signal and noise tapes. During eaiting the data are qual-
ity checked and corrected when possible. Note that the devel-
ocorder film and summary printout, two functions of the on-line

packie¢2, will play a significant part in the selection of events

for pr-cessing.

The programs NOISE, MCFGEN and TDFILT perform the
signal enhancement function of the off-line package. The pro-
gram NOISE generates the noise cross-power spectral matrix(CPS)
which is saved on tape. MCFGEN rcads the noise CPS, generates
theoretical signal models and solve:s for the optimum filter
associated with each signal model. These frequency domain

TTreT-7



LIBRARY
TAPES

SELECT
INTERPRET PDE INFORMATION

.__EHENI_SEEFQIIQN_EABAMEHEEEi

QCEDIT
EDIT SELECTED LIBRARY TAPE
DATA
CONVERT TO FLOATING POINT
SEGMENT ,RESAMPLE, QUALITY
CHECK AND SUMMARIZE
PARTITION TO SIGNAL OR

NOISE OUTPUT

TDFILT
PREPARE MCFGEN FILTERS
EAND PASS FILTER AND TAPER
INVERSE FOURIER TRANSFORM
DISPLAY FILTER IMPULSE RE-
SPONSE
PREPARE TIME DOMAIN DATA
REMOVE MEAN,CALIBRATION
SCALE
ROTATE INTO PBD
DEVELOP BEAMS-FILTER APPLI-
CATION
(1) CONVOLUTION WITH MCFGE}
FILTER
(2) TIME DOMAIN BEAM STEER
(3)FETCH ROTATED COMPONENT
SITE
DISPLAY OUTPUT ""IME DOMAIN
BEAMS

TIME
DOMAIN
BEAM

FIL-
TERS

BEAMAN

PARTITION TO PROPAGATION MODE

FOURIER TRANSFORM
SPECTRAL ANALYSIS

MATCH FILTER .

BAND PASS FILTER

OBTAIN SPECTRAL RATIOS
INVERSE FOURIER TRANSFORM
CALCULATE DISCRIMINATION

PARAMETERS
DISPLAY OUTPUT BEAMS

III-2

NOISE
“REMOVE MEAN,CALI-
BRATION SCALE
FOURIER TRANSFCRM

(INTO FREQ DOMAIN)
ROTATE INTO PBD
BAND PASS FILTER

(NO TAPER)
ACCUMULATE 3 COM-

PONENT CPS MATRIX

& CHANNEL EQUAL-

IZE
DISPLAY NOISE POWER

SPECTRA

B

OIS
CPS
MATRI

MCFGEN
~ DESIGN FREQUENCY
DOMAIN FILTERS
FOR SPECIFIED
MODELS
TYPES ARE:
(1)MCF PLANE WAVE
FILTERS
(2)MCF NON-PLANE
WAVE FILTERS
(3)BEAM STEER FIL-
TERS
COMPUTE AND DISPLAY
SPECTRA OF PROCESSED
AND UNPROCESSED
NOISE

FIGURE III-1l. OFF-
LINE SOFTWARE MAIN-
LINE FUNCTIONS




e e
|

, .
4 g

e, o

o0

multichannel filter sets are output on magnetic tape. The pro-
gram TDFILT reads the multichannel filter sets, inverse trans-
forms the filters and applies the filters to appropriate seg-
ments of the signals. The outputs of TDFILT are the optimum
signal estimates for each phase; these data are written on
magnetic tape and can be plotted.

The program BFAMAN performs special single channel
processing options such as simple bandpass filtering and
matched filtering and calculates discrimination parameters for

the event.

The software is set up so that several events can be
processed each time a main-line prcgram is run. For example,
QCEDIT can be set up to edit five events and their associatzd
noise samples from the ALPA library tapes on one run. This
multiple event processing philosophy will be used in the off-
line evaluation (but of course single events also can be pro-

cessed when the occassion demands).

Another important feature of the off-line package
is that all important intermediate outputs are saved on mag-
netic tape. This allows the analyst to recycle his processing
for a given event with a minimum of effort and computer time
and also provides easily accessible input to non-routine off-
line programs such as NOISAN (Noise analysis) and SIGNAN (Signal
analysis).

C. PROGRAM DESCRIPTION
1. MCFGEN

Frequency domain MCF and beamsteer filters are designed
in the program MCFGEN. The primary filter design input is the
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measured noise cross-correlation matrix FDCPS-3C. MCFGEN out-

puts include: filter sets, FDFILTAB, the power spectra of pro-
cessed and unprocessed noise, FDPS, and printer plots.

The basic MCFGEN processing flow is shown in Figure
III-2. As for most off-line programs, the filter design pack-

ey

age batches the processing of events and utilizes overlapped
I/0 and CPU activity whenever possible. MCFGEN has much anal-

Lo~ ]
4

ytical flexibility with options such as:

..'2

° Filter type-plane wave or non-plane wave
MCF (or beam stecer)

oo
L

® 8ite configuration-the arbitrary deletion
of sites for a particular filter set

o
T

° Azimuth
® Signal to noise ratio

° Dispersion characteristics.

Table III-1 provides a list of the parameters which define a
filter set.

MCFGEN is programmed to minimize redundant computation;
specifically, phase vectors are computed during initialization
and later fetched as needed, rather than being recomputed when-
ever needed. The number of matrix triangularizations are mini-
mized in much the same fashion.

MCFGEN basic flow is expanded in Figures III-3 through
III-5. Figure III-3 shows the processing initialization for a
particular event. Figure III-4 shows the noise CPS input and
smoothing flow and the phase vector initialization for a part-
icular frequency. Figure III-5, Parts A through D, detail the
specifics required for the design of a filter at a particular
frequency.
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TYPE

ALPHA

ALPHA

ALPHA

ALPHA

ALPHA

FLOATING
FLOATING

FLOATING

INTEGER
BINARY
INTEGER
FLOATING

ALPHA

FLOATING

NOTE:

INDEX DESCRIPTION

TABLE III-1

BEAM ANNOTATION SPECIFICATION

OPTION

1

10
1l
12
13
14

15

FILTER TYPE MCFb MULTI-CHANNEL PLANE WAVE
BSbb BEAMSTEER PLANE WAVE
MCFX OTHER (i.e. NON PW MCF)

PROPAGATION Pbbb PRIMARY

MODE Sbbb SHEAR
LQbb LOVE
LRbb RAYLEIGH

DISPERSION DISP

DISPERSIVE
CODE NDIS NON DISPERSIVL
COMPONENT Vbbb VERTICAL

Tbbb TRANSVERSE
Rbbb RADIAL

ORIENTATION PBDb PRIMARY BEAM DIRECTION

CODE SBDb SECONDARY BEAM DIRECTION
VENDb VERTICAL, EAST, NORTH

BEAM AZIMUTH

(RESERVED)

PROPAGATION VELOCITY - VARIABLE WITH FREQUENCY

AND SHOULD NOT BE DEFINFD WITH THE "FDFILT19"

HEADER.

#SITES PROCESSED 1¢{NCHANK19

COMPONENT PROCESSING STATUS TABLE (NCHAN BITS)
OFF

REFERENCE SITE INDEX ON PACKED DATA
S/N RATIO (POWER)

SIGNAL MODEL TYPE PWbb SINGLE PLANE WAVE
SUPW SUPERPOSITION OF PW's

PROCESSED NOISE POWER SPECTRA - ACTUAL POWER OF
FILTER FPM WITH PRE AND POST-MULTIPLIED NOISE
MATRIX - VARIABLE WITH FREQUENCY.

b indicates blank
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ATIO

[}

[ _CONTINUE INPUT CPS AND SMOOTH |

I=IPR
IPR=IPI
IPI=I

STATUS "CHECK"
CHECK CPS TRAILER

INC§E$ENT CPS BUFFER POINTERS

PROCESSING CPS

SPECIFY AND EXECUTE |
PROPER ERROR RECOVERY

— »CONTINUE |
s )
INITIATE NEXT CPS
==
FlggER no INPUT INTO
FDCPS(1,IPI)
BUFFER POINTERS
IPSI=3
IPSR=4
[]
INITIATE CPS INPUT
INTO FDCPS(1,IPSI) 3
[ LOOP. ON MATRICES FOR SMOOTHING |
[ K
INCREMENT BUFFER POINTERS
I=IPSI
IPSI=IPSR
IPSR=1I
[[STATUS "CHECK" PROCESSING CPS |
SPECIFY AND EXECUTE
e — PROi?R ERROR RECOVERY
[CHECK CPS TRAILER ANNOTATION ]
INITIATE CPS INPUT
Py —{ INTO FDCPS(1,IPSI)
INPUT -
OMPLETE SUM CPS IPSR 1IPR
" CHANNEL EQ WEIGHTS
yes
cp
INPUT
¢ no OMPLET yes "

FIGURE III-4 MCFGEN FREQUENCY INITIALIZATION
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(B) CONTINUE-INCREMENT NON DISPERSIVE PHASE VECTORS |

!
~| LOOP ON ANGLES & MODES |

INCREMENT NON-DISPERSIVE PHASE
VECTOR WITH THE TRIG ALGORITHM
COS (£f+Af)=COS(£)COS (Af) -SIN (£) SIN (Af)
SIN(f+Af)=SIN(f)COS (AL} +COS(f)SIN(Af)

OMPUTE DISPERSIVE PHASE VECTORS |

U

|
J

1 LOOP ON PROPAGATION MODES |

DETERMINE PHASE VELOCITY C(f)
SAVE C(f) FOR BEAM ANNOTATION

COMPUTE a —a—f—r

COMPUTE DISPERSIVE PHASE VECTOR |
— "y 1
yes PVi,ANG_COS (o *DOT (i,ANG))

~iSIN (o *DOT (i,ANG))

yes MASK PROCESSING FLOW SWITCHES
IMXCOD(12,3) IPUCOD(12)
FACTOR ALL COMPONENTS OF
FDCPS (,IPR) INTO PRCPS(,,1l)

>‘ ; COMP PPUFM='ON'
(:;RETURN chingal yes | PRINT DIAGNOSITC

no

FIGURE III-4 (continued)
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LNl -ULoLlON DAiLILKN |
Y

IDENTIFY BEAM

COMPONENT ICOMP

IED CONTINUE-PHASE VECTOR PREPARATION'

SET PHASE VECTOR PROCESSING STATUS
» TABLE TO INPUT CPS COMPONENT
STATUS TABLE

SET FILTER UNPACK='OFF'

SET PHASE VECTOR PACK='OFF'

"PHASE VECTOR "FETCH"=TON' ]

SET PV STATUS TABLE TO BEAM
PROCESSING -TABLE

DESIGNATION
CHANGE

SET PHASE VECTOR"PACK
SET FILTER "UNPACK"='ON'

ONT]

no

PROCESSING
STATUS TABLE

SET FILTER UNPACK=TOFF' |
SET PHASE VECTOR PACK='OFF'

d coLNT"‘INU""E s

STORE APPROPRIATE PHASE VECTOR
| IN PROCESSING ARRAY

PV SCALE=1.0

SET PHASE VECTOR "FETCH"='OFF'

SET PHASE VECTOR PACK

J

'OFF'

SCALE FACTOR OMPUTE SCALE-SET PVSCALE TO
=" | ~SCALE PHASE VECTOR INTO | ILTER
“NSITES FILTER OUTPUT ARRAY ONPACK

COMPUTE SCALE-SET PVSCALE
SCALE PROCESSING PHASE VECTOR
no NOTE: PHASE IS NOW SIGNAL VECTOR

CONTINUE
: Y
T :
ggs SATRIX FIGURE III-5 MCFGEN
PREPARATION FILTER DESIGN PART A

®
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< } . i

[ ONTINUE-CPS MATRIX PREPARATIO

———

SET COMP CPS "FETCH" =TON'
n n n 1] REFACTOR"= ] ON ]

-~ SET PROCESSING STATUS TABLE
TO CPS INPUT STATUS TABLE

BEAM
no STATUS TABL SET COMP CPS "PACK"="ON"
sC2S INPU no SET PROCESSTNG STATUS TABL
1 TO BEAM S'TATUS TABLE
yes
[ CONTINGE | —[ CONTINUE Jee—

-

["GET EE§1§N“NOT§E“PEEP§(,IF§S DESNOS
(REQUIRED COMPONENT ONLY)

SET COMP CPS "FETCH"='QFF'

SET COMP CPS AUTO SCALE=1.0

SET COMP CPS WEIGHT=1.0

J

nao

ON N,

AUTC
SCALAR
HANGE~ Yes

ng

PACK DESNO NTS PRO”

BEAM CHANNEL FORMXT

SET CPS "PACK"='()FF' '
OMPUTE AUTO

CPS SCALE FACTOR
SCALE CPS AUTOS APPROPRIATELY
SET COMP CPS REFACTOR ='ON'

IGN?Z
MODEL

YPE
plane

wave P
REFACTOR
U ON (] FES

no

S ED an e e e on e oy o on an e e e

EXECUTE NON Bfi 30 TO
FILTER )

| SET CPS REFACTOR='OFF'

UNPACK

REFACTOR D OS
SUBROUTINE "TRIFAC"
(REQUIRED COMPONENT ONLY)

SCALE=SCALE
SCALE FACTORED CPS
SET POST FACTOR SCALE='OFF'

GOQQO

FILTER
UNPACK

NZ, =S

b

SUBROUTINE "SOLFAC"
(REQUIRED COMPONENT ONLY)

: FOR o%=5/N
- b - POWER RATIO
L1+

a S Zb & SCALE

FIGURE III-5 MCFGEN
FILTER DESIGN PART B
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(D) CONTINUE-NON PW MCF SOLUTION

—
SET CPS COMP "REFACTOR"='ON'
SCALE=COMP CPS AUTO

COMPUTE DISPERSIVE SIGNAL MATRIX
FROM SIGNAL VECTOR CROSS PRODUCT

*
S..=8, S. (CPS FORMAT
S Wl P )
NOTE:S, IS PACKED-DISPERSIVE
a
LOCATE WN—DISPERSIVE PHASE VECTOR
AND SCALE IT INTO THE FILTER ARRAY.
COMPUTE (INCREMENT) SIGNAL MATRIX
WITH NON-DISPERSIVE SIGNAL

*
si.zsi.+si +S.
] J nd Jnd

NOTE: Si SHOULD BE PACKED IF
nd
FILTER PACK FLAG IS 'ON'

EXTRAE% ACTUAL MCF EQN SIGNAL VECTOR

FROM S MATRIX (DESSIG) STORE IN
FILTER ARRAY

DETERMINE S SCALE WEIGHTS INCLUDING
S/N RATIO. IMPLEMENT APPROPRIATE
SCALE IN N + S COMPUTATION

ADD SIGNAL AND NOISE CPS~-STORING
INTO THE SIGNAL ARRAY

FACTOR S + N MATRRIX AND SOLVE FOR
WEINER MCF WEIGH'"S: (N + S)Zw=S

SUBROUTINE TFRIFAC
SUBROUTINE SOLFAC

WEfdﬁE"JIETERfWEiGHTs INTO OUTPUT

FILTER ARRAY

FIGURE III MCFGEN
FILTER DESIGN PART C

ITI1-12

p——— S———— [ s |

O ]

et e e Y ) e & ol o



e ——— et ———

=5

& CONTINUE-FILTER UNPACK

UNPACK OUTPUT FILTER FROM

# BEAM PROCESSINC TO CPS

INPUT CHANNEL DESIGNATION
SUBROUTINE "UPKFIL"

COMPUTE FILTER POWER SPY_ TRA
=t FROM UNFACTORED CP%S TDCPS (,IPR)
"PPUFM"

COMPUTE FILTER POWER
SPECTRA FROM FACTORED
CPS (MCFNOS) "PPFM"

| CONTI*UE Je—

Y
STORE POWER IN POWER SPECTRUM

ARRAY PS (IBEAM, IFREQ)
)
STORE POWER IN BEAM ANNOTATION
STORE PROPAGATION VELOCITY IN
BEAM ANNOTATION
MOVE BEAM ANNOTATION TO OUTPUT MRRAY

I RETURJI

FIGURE III-5 MCFGEN
FILTER DESICN PART D
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The parameters required for frequency domain filter design are
phase vectors anq CPS matrices. Let ;j represent sensor loca-
tion J, and let K be the plane wave propagation vector. The
output of sensor j due to the plane wave signal of propagation
vector ﬁ at frequency f is:

V.=exp[-i21tK-x.
3 pl 3]

The collection of Vj for all sites of an array is called the
phase vector for K. If K is dispersive, where the phase velocity
is c(f), then:

where lk is a unit vector in the direction of plane wave prop-
agation K. Note that the phase vectcr is a function of fre-
quency, propagation mode, dispersion, and azimuth can be ex-

panded into its complex trigonometric form:
V.=cos (27 : i -;.)-isin(Zn - 1 'Q.).
3 eiZy Kk 5 ett) k 5
In terms of the plane vector, the frequency domain beam steer

filters for sensor j <f an array of NCHAN sensors for plane
wave K are:

. |
Bj (£) —mvj (£)

where the bar denotes complex conjugate. The plane wave signal
model vector can also be represented in terms of Vj(f):

S.(f)=A(f)V. (f
J( )=A(£f) J( )
where A(f) is an amplitude weighting factor.

For a set of transforms for NSEG segments of time data,

the transform at frequency f, segment ,, and channel i is represented.

III-14
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by X{Nf). Then the measured noise cross-power spectral matrix

N at frequency f is defined as:

m m
Xi(f)Xj(f)

The theoretical signal model CPS matrix S is defined as:

Slj(f)=Si(f)Sj(f)

where Si(f) is the output of sensor i at frequency f due to the
»
signal of wave-number X. Note that:

Si(f)—A(f)V (£)
=A(f)exp (- 127K+ x )

=A (£) [cos(g(%f vx;)- 1sm(c—"(’-%-i ‘%)

~

where i=y—l and lk is the unit vector in the direction of prop-
agation K.

The equat.~n for the Wiener filter set Z to extract

this signal from the noise with minimum mean square error is:
(N+S)Z=Sjr
where Sjr is the reference sensor column of the signal matrix.

The power spectra of processed noise may be obtained
from the measurcd noise N, and the filter set Z by the equation:

p(£)=2 (£)N(£) 2 (£)

where H indicates conjugate transpose: since

NSEG

P(f)= NSEGZ-i

NCHAN 2

x‘F‘
b |2
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Whenever possible, MCFGEN programming takes computa-
tional advantage of special properties of matrices such as the
CPS hermetian symmetry, and plane wave signal CPS. Computa-
tional advantage is also taken when working with non-dispersive
phase vectors. Specifically, incrementing phase vectors between
adjacent frequencies involves less computation than computing
the phase vector for a particular frequzncy. Note that for fre-
quency increment Af:

Vj(f+Af)=(Vj(f))(Vj(Af))

since
BEGEEE) - - . o 2nfl 0  2TAf
expl- 1-——VET-— lk xj]—exp[ lVE_lk x ] exp[- 1 =1 lk
2. Time Domain Filter Application

The primary function of TDFILT is to apply previously
designed frequency domain filters, from the MCFGEN package, to
the edited signal data, from the QCEDIT package. The filter
application is performed in the time domain, which necessitates
preparation of the filters and time domain data. Also, the time
traces may be displayed. The basic processing flow for this
program is shown in Figure III-6.

In the program flow, the first major task, Figure I1I-7,

is the initialization of the event processing parameters, posi-
tioning of input tapes and the listing of input header arrays.
Input parameters defined are:

® Processing default parameters
° Segment limits on modes of propagation

® Signal primary beam direction for signal
component rotation

° Processing site status configuration

® Coordinate arrays packed to processing
site status configuration

III-16
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INITIALIZE GENERAL PROCESSING
SETUP TAPES GNINIT

—ERRORE ABORT

yes

[
LOOP ON EVENTS TO BE PROCESSED |
Y

READ & INTERPRET EVENT SPECIFICATION
POSITION INPUT TAPES

HEADERS & ANNOTATION
INITIALIZE PROCESSING PARAMETERS

1-—----

SETUP_AND OUTPUT BEAM HEADER

TEVENT PROCESSING INITIALIZATION EVINIT !

SETUP OUTPUT BEAM CONTROL & SPECIFICATION

TERMINATE P .OCESSING
CALL GNTERM @

BANDPASS FILTER & TAPER
INVERSE FOURIER TRANSFORM

L s () D

yes

I'PREPARE TIME DOMAIN FILTERS  FILPRP !
SITE PACK & CHANNEL EQUALIZATION

QE D TIME FILTERS

READ AND PREPARE INITIAL
SEGMENT: CALL SEGPRP

EXECUTE

—LERROE yeSRECOVERY

l |
| |
: LOOP ON SEGMENTS PROCESSED :
! COMPLETE SEGMENT INPUT !
] PREPARE SEGMENT |
i GENERATE BEAM STEER BEAMS |
! GENERATE CONVOLUTION BEAMS |
| OBTAIN "FETCH" BEAMS :

|

LOOP ON BATCHES OF BEAMS
REWIND TEMP DISK
INPUT AND FORMAT DISK

i
ol
al
=l
g
al
=1

I
Wi
2l
El

I
7Y

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

T Ni=n -

FIGURE III-6
GENERAL FLOW FOR
TIME DOMAIN FILTE]
APPLICATION TDFII



ENTER EVINIT

EVENT INITIALIZATION
[ o

READ EVENT SPECIFICATION CARDS

AND INTERPRET: CALL RDTIEV

FLAG RETURN
> CoDE 'EXIT '|——*{RETIEN ]

SEARCH FOR TIME EVENT-TDDATA
TIINTP

PRINT DIAGNOSTIC
SKIP TD NEXT EVENT

1

ILTE SEARCH FOR FILTERS FDFILTAB TIINTP |
TAP yes

Z SEARC
GOO

LIST HEADER
READ INITIAL FILTER DATA
RECORD INTO FILTER INPUT

‘ﬂm ) X OVER

MOVE INPUT ANNOTATION TO
TEMP INPUT ANNOTATION ARRA
DISK

ONTINUE L,OOP ON INPUT FILTER BEAMS
Y .

INI%TALIZE PROCESSING PARAMETERS

(1) CHECK HEADERS FOR PROCESSING INCONSISTANCIES
(2) SET PROCESSING DEFAULT PARAMETERS

(3) SETUP SEGMENT TIMING LIMITS ON MODE OF PROPAGATION
(4) DEFINE ROTATION PARAMETERS-IDENTIFY PBD

(5) COMPUTE PROCESSING SITE STATUS CONFIGURATION

(6) PACK COORDINATES TO PROCESSING SITE STATUS

(7) IDENTIFY FILTER PREPARMTION PARAMETERS

(8) SETUP BAND PASS FILTER & TAPER

: g%TUP‘AND LIST BEAM OUTPUT HEADER
DEFAULT IS TIME DATA
ARRAY SPECIFICATION IS FILTER
HISTORY IS BOTH

TDFILT

fWﬁTTEiEEXH'éﬁﬁﬁﬁT“
HEADER-IF REQUIRED L it L
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° Filter preparation parameters- a table
of the input filters to be processed

° Calculation of a band pass filter and
taper.

The task then calls subroutine EVBMDF, Figure III-8, to define
the output beam specification annotation and control arrays.
The annotation array is the beam description which is written
on the output beam tape and is used in the output calcomp plot
routine. The beam control array defines <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>