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SECTION I

INTRODUCTION A N D  S U M M A R Y

This third quar te rl y report  s u m m a r i z e s  the p rogress  made

du r ing th e period be t ween 1 April 1u77 to 30 June 1977 in the VELA Network

Evaluation and Automatic Processing Resea rch  p rog ram being car r ied  out by

Texas Ins t ruments  Incorporated at the Seismic Data Anal ysis  Center (SDAC)

in Alexandria , Virginia .  The five p rogram tasks  are:

• Evaluate the performance  of the  I ran ian  Long Period A r r a y

(ILPA ) and the Seismic Resea rch  Observatories (SRO)

• Develop advanced methods for  detect ing seismic events and

evaluate the event detection capabili t y of postulated ne tworks

of seismic detectors

• Extract  long-per iod seismic event waveforms  given the loca-

tion and ori g in time of an event

• Develop and demonstra te  funct ion processes  for  interact ive

si gnal process ing;  s tandardize  and automate  the processing

funct ions;  also demonstra te  thei r  feasibil i ty for the grap hics

processing of events

• Compute i n s t r u m e n t  and path corrected spectra of a network

of long-per iod  seismic sensors  and es t imate  seismic source

paramete rs .

The Researc h Objective Plan drawn up and approved for performing these

tasks is approximately on schedule. During this quarter we presented ten

papers at the Spring A m e r i c an  Geoph ysical  Union meeting and one at a spec iu l

symposium of the Institute of Electrical and Electronic s Engineers. A

I — i



demonstra t ion of our in teract ive  seismic processing system was provided for

the VELA Seismological Center and others. Associated data items were de-

livered.

For both the ILPA and SRO data evaluations , wo rk was concen-

t ra ted  iii the followin g a reas :

• Expand the data base using the National Earthquake Informa-

tion Service (NEIS ) l ists available

• Maintain data preparat ion sof tware  which is primari l y the con-

ve r s ion  of edit and beamform programs  to the Terminal  Sup-

port (TS) system

• Prepare software for  extended noise anal y sis

• Perform the routine si gnal processing and analys is  needed to

evaluate each station separately and to evaluate all s tat ions as

a network desi gned to locate and measu re  ea r thquakes  and p re-

sumed explosions.

To develop advanced methods fo r  de tec t ini~ se ismic even ts , four

research t asks  are being pursued.  These are  as follows:

• Perfect and test methods for  automatical ly t i mi n g  t h e a r riva l

of seismic events

• Determine the feasibili ty of u s ing  in adapt ive  beamfo rmer  to

detect weak si gnals  genera ted  b y se ismic  events

• Develop an automatic method to associa te  the detections of an

event received at a sub-se t  of seismic  stat ions and to predict

the ar r iva l  t imes of event phases at all station s of the network

• Improve the eff ic iency and a c cu r a c y  of es t imating  a se isr i l ic

network’ s capabili ty to detect and locate events of a gi ven

magnitude and from a g iven loc ation .

1-2
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I
To develop event waveform extraction techniques , two tasks

are being performed as follows:

• Extract long-period bodywaves from edited single sensor three
com ponent dat i and f r o m  ir r a y  da ta

• Cascade se ver . I l  ~i ie t hods of l o n g - p e r i o d  event waveform esti-
ma tions t o  opt irn i~ t t he ex trac t ion  of weak si gnals.

To develop i n t e r ac t i ve  gr a p hics sit ~nal anal ys is  capabi l i ty ,  the
following th ree  t a sks  a r e  be in g  p e r f o r me d :

• Standard ize  seismic processing funct ions  for pe r fo rming  dis-
c r im ination anal y sis

• Extend the Inte ractive Seismic Processing System (ISPS ) b y
developing a seismic p rogramming  language to genera te  dis-

plays, plots , and tables from data and information files stored
on the disk , and to pe r form simple anal ysis  funct ions  on this
da ta

• Develop software for  t r ans fe r ing  data to a mass  store.

The final program task is to derive accurate t r a n s m i s s i o n  path
correction s and source parameters  f rom long-period data. This  is broken
down into three t a sks  as follows:

• Use newl y developed and existing software for  spectral anal y sis

corrected for inst rument  response , path a t tenuat ion , and dis-
per sion

• Form a suitable data base with long-period waveforms  mea-

sured at a la rge  number  of station s providing adequate azi-
muthal  cove rage of the event

1-3
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• Comoare these to theoretical spectra and radiation patterns

derived from the best fit source model as a means of estimat-

ing the source parameters associated with an event.

1-4 
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SECTION II

ILPA AND SRO EVALUATION

A . C U R R E N T  STATUS

1. SRO

During the last  qua r t e r , our major emphasis  has been on si g-

nal p rocess ing and anal ysis.  To date , a total of 890 long-per iod events  have

been processed and anal y zed , with an additional 22 5 events processed but not

yet ana lyzed. Processing and analysis of 850 sho r t -pe r iod  events have been

completed , with an additional 250 events complete at most s tat ions.

Measurement  of shor t -per iod  EMS noise  in the 0. 5 - 4. 0 Hz

passband has been car r ied  out along with the shor t -pe r iod  si gna l ana lysis.

During June , we also began measu r ing  the maximum one-second noise am-

plitude.

During the last quar te r  we have also created and checked out

long-period noise anal ysis  p r o g r a m s  which will compute EMS noise levels

(with and without correct ions for  ins t rument  r e sponse ) ,  EMS noise level

t rends , maximum 25 second noise amplitudes , and no ise spectra.

We have held off process ing long-per iod noise samp les unti l

a new unified SRO processing p rog ram , which combines  our exist ing edit ,

data preparation , and plot programs , was completel y checked out. This pro-

gram will reduce the amount of computer time we will use . It is now read y

for use. We also have available a list of the t ime gates we intend to use as

noise samples.

Prel iminary results  on short-per iod noise measurements  in-

dicate a very strong correlation between noise  levels and distance from the

coast , whereas much less correlat ion was observed for  the long-period data.

II— I 
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2 . ILPA

Two ma jo r  a r eas  have  been emph a s i z e d  d u r i ng  the  las t  q u a r t e r .

In the  a rea of si gnal p rocess ing ,  a total of 537 evcnt s  f r o m  the t i me  period

5/ 1/ 7 6  - 1 1/ 12 / 7 6  have been processed and anal yzed for  e v e n t  detect ion s and

data qualit y. Su rface  wave magnitude es t ima tes  a re  c u r r e n t l y bcin~ u w i s~i red

for  those events which have been detected.  Es t ima t ion  of si gnal  cohe rency  h a s

been in itiated. The progra m to accomp lish th i s  was conver ted  to TS d u r i ng

the last qua r t e r  and six test events processed b y it .

In the area of noise anal ys i s , the p rograms  to stud y p ropaga t ing

noise have been conve rted to TS and tested during  the last quar te r .  Fur ther-

mo r e, a total of 146 noise samples covering the period 5 / 1 / 7 6  - 3/ 1 2/ 7 7  have

been processed and visuall y examined for the presence  of unrepor ted  events.

Approximately 40 of these samples show signals and hence will not be includ-

ed in the noise anal ys i s.

Prel iminary  results indicated that  about 0. 1 i nc rease  of magni-

tude  capabi lit y was obtained b y the a r r a y  over a s ing le site. This was based

on data collected ri ght a f t e r  the a r ra y was insta l led and was great l y infl uenced

b y malfunct ions.  Better re sul ts  are  expected when the a r r a y  operations im-

p rove.

B . F U T U R E  PLANS

During the next q u a r t e r , work will be concent ra ted  on the fol-

lowin g a r eas :

• Rout ine  signa l process ing and anal ys i s

• Noise anal ysis

• Repor t  prepara tion .

11-2
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SECTION III

DETECTION METHODS

C U R R E N T  STATUS

The s h o r t - p e r i o d  (SP) detec t ion  and t i m i n g  alg o r i t h m  is nea r -

ing completion. Several  detect ion and t i mi n g  c r i t e r i a  have  been t r i e d  on

N O R S A R  sing le site data. The abundance  of secondary  SP s ig n a l  a r r i v a l s

m a k e s  it u nfe a s i h i e  to use  m o v i n g - w i n do w  phase  r e g r e s s i o n, w h i c h  was  suc-

cess f ully used on long-per iod  ( L P )  data. SP detection and t i m i n g  will , in-

st ead , be based on enve lope detection. However , the  i n s t a n t a n e o u s  ph ase

and f requency func t ions  may serve  as a detec t ion  c o n f i r m at ion.

For the adaptive beamformir i g t a sk , the evaluat ion of the n w

A B F  was started this qua r ter  us ing  the recorded  s h o r t - p e r i o d  a r r a y  data f r o m

the Korean Seismic R e s e a rc h  Station (KSRS).  F i r s t , a st r o n g  event  f r o m

K amcha tka  was u sed . Second , a si gna l f r om  a p resumed  explosion in ea s t e rn

Kazak h was studied in detai l . The ABF p e r f o r m a n c e  with this  event was in-

ves tigated in d i f ferent  pa s sban d s  and with v a r i o us  c o n v e rge n c e  ra tes .  Thi rd ,

an ensemble of th i r t een  weak events , which was studied u n d e r  Project  ~705 ,

4 was also reprocessed .  The new A U F  p e r f o r m a n c e  appeared to be consi s t en t

in bo th hi gh and low ampli tu de signals . The pre l iminary  conclusion is t h a t  the

detection capability of the new ABF processor is equivalent to increasing t h e

nu m be r of elements in a conventional  heam forming  a r r a y  by a factor of three

or four. It should increase the detection capability of arrays by about 0. 3

units .  We need to examine more data to conf i rm th is  p re l imina ry  result .

Under  the Detection Associa t ion Processor  ( D AP )  t a sk , depth

dependence was put into the automatic event location al gor i thm.  Funct ions

I
I l l - I



I
I

were constructed for more accurately genera t ing  the travel  t ime and ray

pa rameter .  The earth model to be used to generate  simulated event  detec-

tion bulletins was modified with the above improved func t ions  to m o o r e  ac-

cura te ly  reflect the effect  of depth on the simulated observa t ions  of seismic

waves.

B . F U T U R E  PLANS

The following developments  a re  expected in the  next q u a r t e r :

• Complete evaluat ion of a detector  for  t i m i n g  of the  o n s e t  of

shor t -pe r iod  P-waves

• Complete evaluation of the new AU F  al g o r i t h m s

• Develop improved detection associa t ion p roces so r  (D A P )  soft-

ware  and test  modif icat ions with s imula ted  n e t w o r k  detect ion

bulletins

• Complete development and demons t ra te  new network capabi l i ty

evaluat ion sof tware

• Prepare repo rts.

111-2 
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SECTION IV

E X T R A C T I O N  OF’ E V E N T  W A V E F O R M S

A. C U R R E N T  STATUS

An adapt ive f i l t e r  was  developed to ext rac t  l ong -pe r iod  bod y -

w a v e  phases  based on their expected polarization. Tests of the processor in-

dica ted  the  need to modif y the p o l a r i z a ti o n  c r i t e r i a  used for  d e t e c t i n g  shea r

W t \ t- S .  Tes t s  were  p e r f o r m e d  u s i n g  the W i e n e r  f i l t e r  cascaded with the  t h r e e

component  a d a p t i v e  f i l t e r  ( T C A)  to e x t r a c t  weak s u r f a c e  waves.  P r e l i m i n a r y

r e s u l t s  indicated approximate l y 0. 4 m a g n i t u d e  i mp r o v em en t  in de tec t ion  capa-

b i l i t y  of t h r ee  component  s u r f a c e  waves  can be expec t ed by cas c a d i n g  th e

Wiene r f i l t e r  and the  TCA f i l t e r .  P rocess ing  of events  is c o n t i n u i n g  in o rde r

to evaluate i m p r o v e m en t s  in the  detect ion t h r e s h o l d .

B. I-’~ ’ Tl R E  Pl AN S

In the next quarter , the modified processor fo r  the  e x t r a c t i o n

of bodywaves will he evaluated.  The p r o c e s s in g  of s u r f a c e  waves , u s i n g  the

cascaded Wiener -  [CA f i l t e r , will be completed during t he  next  qua r ter .

Preparation of the repor t  will be c o n t i n u e d .

IV-’
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SECTION V

INTERACTIVE SEISMIC PROCESS~NC

A . C U R R E N T  STATUS

I)u r in g the past  quar te r , the Extended Interact ive Seisr -nic I-’ru-

cess ing  System (IS PSE) was demonst ra ted  and delivered to AFTAC along with

system and user  documentation.  On d e l i v e r y ,  ISPSE fea tured  the program-

mable mode of operation developed du r ing  the f i r s t  half of the cont rac t  period

together  with a s tandard process ing  f unct ion for  baseline d i sc r imina t ion .  Also

work on des ign  and implementat ion of the  In teract ive  Seismic P r o gr a m m i n g

Language (ISPL) (the additional fea ture  requi red  to complete IS PSE) was be-

gun. ISPL consists of the Interactive Seismic P r o g r a m m i ng  L a n g u a g e  Com-

piler (ISPLC ) ari d the Interactive Seismic P r o g r a m m i n g  L a ngu a g e  In t e rp re t e r

(ISPLI) . ISPLC in turn has two main parts , PASSI for  edi t ing and syntax a-

nal ysis  which has recentl y been com pleted (i. e . ,  all associa ted rout ines de-

si gne d , coded , and debugged) ,  and PASSZ for  semant ic  ana l ysis  and matr ix

generat ion on which work is proceeding.  Also a modif icat ion to the Cepstrum

method is b ’ing incorporated into the Shor t -Per iod Ea r thquake/Exp losion Dis-

c r imina to r  (SPEED) process ing module. Thi s module , toge ther  with user

fu nctions compiled via ISPL , will permit the def in i t ion  of a more comprehen-

sive standard function for discrimination processing b y the end of the contract

period.

Under  the  KSRS data t r a n s f e r  task , the long-period and shor t -

period reformat  p rog ram s  have been coded . We have received the necessary

information for constructing the KSRS transfer from Geotech and VELA Seis-

molog ical Center.  AB a p r e l imina ry  test , some LP data has been success-

fully t r ans fe r r ed  to the mass  data store.

V - I
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B . F U T U R E  PLANS

Cur rentl y work is focused on the desi gn , cod ing , and checkout

of rout ines associa ted with the PASS2 portion of ISPLC. When this  task  is

compl ete , s imi la r  e f fo r t s  will be directed toward the ISPLI module.  Also ,

we are  imbeddiri g ISPL in the IS PSE sys tem , main ta in ing  SPEED , and de-

s i g n i n g  h ig h level s t a t ements  for  ISPL.

The data  s t r u c t u r e s  required to i n t eg r a t e  ISPL into IS PSE are

be ing  des igned  and cons t ruc ted .  The ‘pr ocedure tm for edi t ing and in terpre t ing

rou t ines  is be ing  modified to accept the user  defined func t ions .

IS PS E is being modified to give the seismologis t the capabi l i ty

to measur e th e m aximum am plitude of a s ignal  t r ace  for  a specified f r e q u e n c y .

Defaults 1.0  and 25 .0  second period s for  sho r t -  and long-per iod waveforms ,

respectively,  will be set im p.  The anal y st m a y  specif y any period for  the mai’-

nitude measurement.

The following deve lopments  are  expected to be completed dur-

ing the fourth q u a r t e r  under  the KSRS t r a n s f e r t a s k :

• Transmi t  a sample of raw data re fo rmated  into 11 event s to

the mass  store SP file

• C )nst ruct  the writ ten operational p rocedure  ror the opera tor

fo r  long-per iod , shor t -per iod , an d coarse  s tatu s t r a n s m i s s i o n

• Retr ieve and anal yze the t ransmit ted  test data and submi t  the

result  for  approval

• Document the KSRS r e fo rma t  and t ransmiss ion  p rograms  and

document the ILPA p rog rams .

V -2
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I
Problems

Afte r  the last update to IS PSE , the PDP sys tem software gen-

erated a task that  could not he installed. Cur ren t l y all effo rt is b e i n g  applied

to determine the nature  of this  problem . A solution to this  problem is of

pa ramount importance before  other e f fo r t s  on IS [‘SE can he continued.

V- 3
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SECTION VI

SOU P CE PA PA N I  ET ER S F ROM I ~ON (  — PEP 101)
S U P  F ’ACE W A V I  DATA

A . C U R R E N T  S T A l l S

I. S o f t war e  Deve lopmen t  and 1) i t a  Pr ep. i  r at  ion

I )u r i ng  the  c i  rl y p t  rt of t h i s  qi i i  rte r , t h e  i i  St p iece  of c o r n —

p u t & r  p r o g r a m  needed in th i s  t a s k  was  w r i t t en  in o r d e r  to c o r r e c t  the  obser ’. d

s i r f a c e  w av e  s p e c t r a  f r o m  the S o cc i t i  Dat~t Collection Sy s t e m  (SDCS) s ta t ions .

Also  the  p r o c es s i n g of the  e d i t e d  even t  s igna ls  u s i n g  the  PI)P- 15 c o m p u t e r  was

f ina l l y completed fo r  all se lec ted  \TS ( Nev a d a  Tes t  Site) ,  F E Z  ( eas t e rn  Kaz-

a k h ) ,  and I~N E  ( p e a c e f u l  n u c l e a r  exp los ion ) e v e n t s .

Anal y s i s

During the f i r s t  and second q u a r te r . t h e  ana lys i s  par t  of t h i s

t t s k  was done whenever  the p ro c e s sed  data  were  a v i i l a h l e .  A f t e r  t he  com-

pletion of the data prepara t ion  dur ing  the  ear l y pa rt of t h i s  q u a r t e r , ana l y s i s

work  h a s  been p rog re s s ing  smooth ly .  The an a l y s i s  work cons i s t s  of th ree

main ar e a s :  1)  examina t ion  of the  obse rved  su r face  waves , (2 )  es t imat ion

of the su r f ace  wave t r i v e l  path  a t tenuat ion , and ( 3 )  es t imation of the seismic

source pa rame te r s.

The su r face  wave g roup  veloc i t ies  for  t h e  t ravel  paths  f rom

the NTS , EK Z , and PNE to all avai labl e observat ion s ta t ions  were examined

u s i n g  data f rom all of the selected NTS , E E l . , ari d }‘N E events .  Py  com-

bin ing  m a n y  events , sur face  wave group velocities for  each t r ave l  path were

obtained.

V I - ’

- - _ _



I

The observed su r face  wave  tm r npl i t i i d e  sp ec t r i  of the sele t ed

N TS , I ; K Z , an d PNE event s were examined fo r  the  pci  ~~~ r an g e  i tween  10

and 50 seconds . The amplitude spec t ra l  ra t ios  of t h e  Love w av e  t o  R a y l e i g h

wav e ( L Q / I R )  were calculated for  each event  it  i l l  ; t v t i i m b l e  obse rva t ion  sta-

t ions . These ra t ios  were compared ;t r m i o n ~ the N TS , I E i~, an d  I ’ ~~F. even t s

for a n y  ind ica t ions  of geological  and s o u r c e - o ri e n t e d  dependence .  Also , the

relat ive exci ta t ions  of the Love waves for  a suite of N TS events  we re examin-

ed in t e r m s  of the ra t ios  ~f the observed Love wave amplitude spectra  of a

pa r t icular  NTS event to a reference NTS event .

Pre l imina ry  results indicate that  L Q/ LR  ranges  f r o m  zero to

ten for  NTS events .

The ave rage  sur face  wave a t tenuat ion c o e f f i c i en t s  a long the

travel  paths between the NTS and the observat ion s ta t ions  and those along the

travel  paths between the EKZ and the reg ion-s ta t ion  attenuations were  esti-

mated by the isotropic - sou rce  method us ing all available events.  The t rave l

paths between the NTS and the observation s tat ions were  log icall y divided in to

two groups:  oceanic path and con t inen ta l  path . In add i t ion , whe rever  ap plic-

ab le , the two-s ta t ion method was employed to calculate the su r f ace  wave at-

tenuation coeff ic ients  for  the t ravel  path between two observat ion stations.

These resuir were compared  with the exis t ing es t imates  of s u r f a c e  wave at-

tenuation .

Pre l iminary  resul ts  on ocean path at tenuat ion at NTS are

1.8  x 10~~ km at 10 seconds period with gradual  decrease  to 1. 1 ‘ I O ~~ at

50 seconds.  For continental  paths to NTS and E K Z  the a t tenuat ions  were

f rom 4 x ~~~~ a t 10 seconds , to 1. 6 x i o 4 at 20 seconds , with gradual de-

c rease  to 0.8 x at 50 seconds.

The seismic sou rce paramete r  est imations for  all selected

NTS , EKZ , and PNE events we re completed. Theoret ical  radiation pa t te rns

based on the estimated source paramete rs  were generated for  several events
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with a l a rge  number  of observation stations.  The observed values were

superimposed to make comparisons between the observations and the theo-

retical radiation pat terns .

Pre l iminary  resul ts  indicate that NTS induced earth quakes  a re

nearl y vertical s t r i k e - s l i p with re la t ive  s t rength  rangin g f rom 0 .5  to 1.0.  An

E K Z  induced earthquake was di p- sli p with a relat ive s t rength of 0. 5~~.

13 . F U T U R E  PLANS

The anal y sis wor k needed in th is task is p rac t ica lly done. All

these resul ts  will be organized and the writ ing of the f i r s t  d ra f t  of the tech-

nical report for  this task will be started.
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