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SUMMARY 

I n  1976 t h e  Uni ted  Nat ions  Conference on Disarmament (CD)  e s t a b l i s h e d  
an  "Ad Hoc Group of S c i e n t i f i c  E x p e r t s  (AHGSE) t o  Consider  I n t e r n a t i o n a l  Co- 
o p e r a t i v e  Measures t o  D e t e c t  and I d e n t i f y  Se i smic  Events" .  T h i s  r e p o r t  
( P a r t  I) d e s c r i b e s  t h e  work under taken by t h e  AHGSE under  terms of  r e f e r e n c e  
d e f i n e d  by t h e  CD t o g e t h e r  wi th  v a r i o u s  i n t e r n a t i o n a l  d a t a  exchange 
exper iments  conducted by t h e  AHGSE s i n c e  it was formed. The AHGSE h a s  
p rov ided  s c i e n t i f i c  a d v i c e  and t e c h n i c a l  recommendations v i a  a series of 
major r e p o r t s  t o  t h e  CD which were produced d u r i n g  t h e  b i a n n u a l  mee t ings  i n  
Geneva. The recommendations d e s c r i b e  a p o s s i b l e  g l o b a l  sys tem of 
s e i s m o l o g i c a l  d a t a  exchange f o r  moni to r ing  compliance w i t h  a t r e a t y  banning 
n u c l e a r  t es t s .  

A s  a member of  t h e  CD, t h e  Uni ted  Kingdom p r o v i d e s  t e c h n i c a l  d e l e g a t e s  
f o r  t h e  AHGSE mee t ings  from t h e  MOD s e i s m o l o g i c a l  r e s e a r c h  group l o c a t e d  a t  
B l a c k n e s t ,  AWE. T h i s  r e p o r t  d e s c r i b e s  t h e  f a c i l i t i e s  u s e d  by t h e  UK f o r  
p a r t i c i p a t i o n  i n  s e i s m o l o g i c a l  d a t a  exchange exper iments .  

A brief accoun t  i s  g iven  of  t h e  exper iments  conducted by t h e  AHGSE and 
t h e  r e s u l t i n g  recommendations f o r  a  proposed g l o b a l  sys tem f o r  s e i s m o l o g i c a l  
d a t a  exchange.  A d e t a i l e d  d e s c r i p t i o n  of  t h e  l a r g e - s c a l e  exper iment  
(GSETT-2) on t h e  exchange of waveform d a t a  i s  g i v e n  i n  P a r t  I1 of t h e  
r e p o r t .  



1. INTRODUCTION 

One of the problems which confronts the United Nations Conference on 
l 

l 

Disarmament (UNCD) is the practicality of monitoring compliance with a 
Comprehensive Test Ban Treaty (CTBT), should such a treaty come into force. , 
At present nuclear tests are forbidden in all environments except I I 

underground. It is generally agreed that the only way of detecting at long 
range, explosions underground is from the seismic signals they generate. I 

Although there remain problems in distinguishing between explosions and the 
many earthquakes that occur each year, particularly for low yield explosions 
(see for example CD 610[1]), any successful monitoring system will require 
as a first step a network of seismic stations and the data on the seismic 
signals detected by these stations will have to be transmitted expeditiously 
to data centres for processing and analysis. The UNCD recognised that a 
Global Monitoring Network would be required to provide seismological data 
for the location and identification of seismic disturbances. To define and 
establish the requirements of such a global network, considerable technical 
and seismological expertise would be needed, involving extensive research 
and experimentation. Consequently the Conference of the Committee on 
Disarmament (CCD), later the Committee on Disarmament (CD) and now the 
Conference on Disarmament (CD) proposed the formation of an "ad hoc" group 
of scientists to undertake a feasibility study. 1 

l 

On 22 July 1976 the CCD formed the "Ad Hoc Group of Scientific Experts 
(AHGSE) to Consider International Co-operative Measures to Detect and 
Identify Seismic Events''. This comprised seismologists nominated by CCD 
member states and non-participating countries whose scientists could make 
a positive contribution to the Group's studies. Of the 38 countries 
represented at the AHGSE to date, 30 are CD member states and 8 are invited 
participants from non-member states (table 1). 

The original terms of reference for this Ad Hoc Group of Scientific 
Experts are given in appendix A. The main task of the group was to specify 
the characteristics of an international monitoring system comprising a 
global network of seismological stations. They were also required to 
specify the type of data required, the transmission facilities and 
procedures to be used for a timely exchange of seismological data. 

In March 1978 the AHGSE submitted a report (CCD/558 [2] ) based on these 
terms of reference to the CCD who decided that the AHGSE should continue its 
work by studying the scientific and methodological principles for a possible 
comprehensive experimental exercise involving a global network of 
seismological stations. Thus, in August 1979 the CD decided that the AHGSE 
should pursue its work under new terms of reference (see appendix A). 

In its first report to the CCD [2] the AHGSE proposed a global network 
of stations that would transmit seismological data to National Data Centres 
(NDC) for onward transmission to International Data Centres (IDC) located 
in up to four different countries. To evaluate this concept an experiment 
was arranged under the auspices of the CD in which measurements such as 
times and amplitudes of signals observed on seismograms were transmitted to 
an Experimental International Data Centre (EIDC) so that a bulletin of 
located seismic disturbances could be produced for distribution to 
participating States. From the earliest discussions on the experiment many 
States suggested that the objectives of the AHGSE could best be met if the 
digital data of the detected seismic waveforms were made available to the 
EIDC. Eventually consensus was achieved on proposals for an experiment 
involving the exchange of waveform data. The AHGSE defined the alphanumeric 
data as Level I and waveform data as Level I1 data. The experiment which 
was principally concerned with the exchange of Level I data was designated 
GSETT-l* (Group of Scientific Experts Technical Test) and the experiment 
involving the exchange of Level I1 data for every seismic signal detected 
was designated GSETT-2. Figure 1 shows the distribution of countries 
participating in these experiments. 

*The first GSE Technical Test was originally referred to as GSETT but with 
the advent of the 2nd GSE Technical Test, it became known as GSETT-1. 



The MOD seismology qroup a t  Blacknest provides t h e  UK de lega tes  f o r  
AHGSE meetings i n  Geneva znd p a r t i c i p a t e s  on behalf of t h e  UK i n  t e s t s .  In 
t h i s  r epor t  d e t a i l s  a r e  given of t h e  GSETT-1 and -2 experiments with 
p a r t i c u l a r  emphasis on t h e  UK p a r t i c i p a t i o n .  To be a b l e  t o  p a r t i c i p a t e ,  t h e  
UK had t o  develop various f a c i l i t i e s  and b u i l d  up resources t o  be deployed 
a t  t h e  UK NDC. This r epor t  descr ibes  how t h e  da ta  were recorded, analysed 
and t r ansmi t t ed  t o  t h e  E I D C  and how t h e  output of t h e  E I D C  was rece ived  back 
a t  t h e  UK NDC. An account i s  given of t h e  development of t h e  UK f a c i l i t i e s  
f o r  p a r t i c i p a t i o n  i n  preparatory t e s t s  and t h e  GSETT-2 experiment. P a r t  I1 
of t h e  r epor t  w i l l  present  an assessment of t h e  r e s u l t s  of t h e  GSETT-2 
experiment. 

INTERNATIONAL DATA EXCHANGE EXPERIMENTS 

2.1 The Global Network 

The s t r u c t u r e  out l ined  by t h e  AHGSE f o r  a  g loba l  monitoring network 
(CCD/558 [21) involved a  small number of s t a t e s  a c t i n g  a s  I D C s ,  and a  NDC f o r  
each p a r t i c i p a t i n g  country which would repor t  t o  these  I D C s .  Each NDC would 
provide seismological  da ta  from i t s  designated National Seismic S t a t i o n ( s )  
(NSS) within a spec i f i ed  time fo r  every seismic d is turbance  de tec ted .  

A message containing s p e c i f i c  parameters ex t rac ted  f o r  each de tec ted  
dis turbance would be constructed and t ransmi t ted  expedi t ious ly  t o  one or  
more I D C s .  The I D C s  would c o l l a t e  a l l  t h e  parameter da ta  rece ived  from N D C s  
and compute t h e  o r i g i n  time, loca t ion ,  depth and magnitude f o r  a s  many 
seismic dis turbances a s  poss ib le .  Figure 2 shows t h e  experimental system 
designed t o  incorpora te  t h e  elements described i n  CCD/558[2]. 

The Level I parameters were defined by t h e  AHGSE i n  1978 [2]  and were 
regarded a s  t h e  minimum seismological da ta  requi red  t o  l o c a t e  and i d e n t i f y  
t h e  na ture  of a  seismic dis turbance.  They cons i s t  of var ious  measurements 
(appendix B)  obtained from an ana lys i s  of seismograms such a s  s i g n a l  onset  
time, period and amplitude and, where poss ib le ,  rough loca t ions .  Level I1 
da ta  a r e  defined a s  t h e  a c t u a l  waveform from which Level I da ta  a r e  
ex t rac ted .  The f i r s t  two repor t s  t o  t h e  CD (CCD/558 [2]  and CD/43 [ 3 ] )  
recommend t h a t  t h e  global  monitoring network would r e q u i r e  s t a t i o n s  t o  
r epor t  Level I da ta  on a  rou t ine  b a s i s  and Level I1 da ta  on reques t .  So i f  
i d e n t i f i c a t i o n  of a  seismic event could not be made on Level I da ta  alone, 
Level I1 data  could be requested. Routine r epor t ing  of Level I da ta  would 
requ i re  r e l i a b l e  and e f f i c i e n t  computer-to-computer l i n k s  f o r  an e f f e c t i v e  
g lobal  da ta  exchange t o  take  p lace .  

One of t h e  most widely ava i l ab le  means of communications during 1981-83 
was t h e  WMO/GTS which i s  a  global  network u t i l i s i n g  computer-to-computer, 
telex-to-computer and s a t e l l i t e  communications ( f i g u r e  3 ) .  This extens ive  
network represented t h e  kind of g lobal  network which could be used f o r  
seismological da ta  exchange. Since t h e  bes t  way of a s sess ing  t h e  
e f fec t iveness  of a global  network i s  t o  experiment w i t h  t h e  network, a  
s e r i e s  of seismological  da ta  exchange t e s t s  were conducted between seve ra l  
AHGSE p a r t i c i p a n t s  during 1978-1983. An account of UK p a r t i c i p a t i o n  i n  b i -  
l a t e r a l  da ta  exchanges i s  given by Grover [ 4 ] .  Various recommendations on 
how a g lobal  network t e s t  should be s t ruc tu red  emerged from t h e  r e s u l t s  of 
these  b i l a t e r a l  t e s t s .  

2 . 2  The F i r s t  GSE Technical Test (GSETT-1) 

I t  was proposed i n  CD/43 [ 3 ]  and CD/448 [ S ]  t h a t  a  Technical Test f o r  
t h e  i n t e r n a t i o n a l  exchange of Level I parameters should be conducted a t  t h e  
end of 1984, u t i l i s i n g  t h e  WMOIGTS network f o r  da ta  t ransmission.  The AHGSE 
decided t h a t  t h e  f i r s t  Technical Test (GSETT-1) should be conducted over t h e  
period 15 Oct - 1 4  Dec 1984, with t h e  f i r s t  two weeks being designated a s  
a  preparatory phase t o  e s t a b l i s h  r e l i a b l e  communications. The main 
ob jec t ives  of t h i s  GSETT-1 experiment were: 



- to develop and test procedures for routine Level I data transmission 
from NDCs to EIDCs using the WMO/GTS; 

- to transmit bulletins from EIDCs to NDCs using the WMO/GTS; 
- to test retransmission procedures: 
- to test procedures for the extraction of Level I parameters from 
Short Period (SP) and Long Period (LP) seismograms; 

- to test EIDC procedures for archiving Level I data and compiling and 
distributing bulletins. 

A full account of this experiment is given in the AHGSE Fourth Report 
to the CD 161. A summary of the computer and communication facilities used 
at some of the NDCs is given in table 2. 

The Blacknest Data Analysis Centre (BDAC) is the UK NDC and the array 
of SP seismometers at Eskdalemuir in Scotland (EKA) the designated UK NSS. 
In order to take part in the experiment, a system had to be designed which 
would enable the UK NDC to report the Level I data to an EIDC as quickly and 
efficiently as possible. Computer facilities at the NDC were acquired to 
provide facilities for interactive seismic analysis and data communications, 
utilising a direct link with the Meteorological Office at Bracknell to 
transmit data over the WMO/GTS to an EIDC. 

2.3 Recommendations from GSETT-1 

An assessment of the first Technical Test by the AHGSE identified a 
number of serious shortcomings in the system concept, One of the main 
conclusions was that the WMO/GTS is not 100% reliable for data transmission. 
However, this was not considered to be a major set-back to the development 
of a global network since the recommendations from the AHGSE were that no 
means of communication should be excluded from the investigation into 
reliable computer-to-computer communications. It was suggested that such 
links as packet switched networks implementing the CCITT X.25 protocol (see 
appendix C) should be looked at with a view to experimenting with rapid 
exchange of waveform data as well as Level I parameters extracted from that 
data. 

In October 1986 the Canadian AHGSE delegation hosted a Workshop on the 
Exchange of Waveform Data and one of the recommendations to emerge was that 
the X.25 protocol should be used for computer-to-computer links wherever 
possible. If connection to a X.25 network was not possible then a direct 
dial-up link or a connection to the WMO/GTS was recommended. 

The extraction of parameter data from analogue seismograms proved to 
be very labour intensive so it was recommended that wherever possible, the 
data should be recorded as continuous digital data which facilitates the 
interactive or automatic analysis of seismic data. 

Another conclusion from the results of GSETT-1 was that it would be 
very useful for the EIDCs to have available the waveform (Level 11) data 
for detected events so that EIDC analysts could look at the seismic signal 
and correct NDC measurements where necessary or measure additional phases 
to improve their hypocentre calculations. 

It was proposed that the Level I1 data should be transmitted by the 
NDCs together with the Level I data for each day. Once the emphasis shifted 
from exchanging Level I data to exchanging Level I1 data, the implications 
on the requirements of the global network were considerable. For example, 
more reliable communications links would be necessary to cope with the 
increased volume of data being transmitted by the NDCs. It was generally 
agreed that the WMO/GTS could not cope satisfactorily with the expected 
volumes of data. 



In add i t ion  t o  providing waveforms of de tec ted  s i g n a l s  it was a l s o  
proposed t h a t  a  means of request ing da ta  from any NDC f o r  a  p a r t i c u l a r  
segment of t ime should be arranged. The E I D C s  would c e r t a i n l y  gain from 
being ab le  t o  request  such da ta  from s p e c i f i c  s t a t i o n s  t o  check t h a t  s i g n a l s  
received a t  t h e  s t a t i o n s  had not been excluded from an NDC r e p o r t .  These 
waveform da ta  segments would a l s o  provide information on t h e  seismic noise 
recorded a t  t h e  s t a t i o n  a t  t h a t  t ime. The procedures f o r  making these  da ta  
reques ts  had t o  be f u l l y  defined by t h e  AHGSE. Provision was a l s o  made f o r  
a l l  N D C s  t o  access  waveforms held by t h e  E I D C s  should they r e q u i r e  t o  do so .  

Early d iscuss ions  showed t h e  need f o r  s t andard i sa t ion  i n  waveform 
formatt ing f o r  exchange purposes - i e  a  s tandard format f o r  t h e  waveform 
f i l e  had t o  be agreed before any experimentation could t a k e  p lace .  An 
i n i t i a l  format f o r  waveform da ta  was proposed t o  enable some prel iminary 
b i l a t e r a l  t e s t i n g  t o  take  p lace .  

2 . 4  The Second GSE Technical Test (GSETT-2) 

Following t h e s e  developments a  s e r i e s  of informal b i l a t e r a l  t e s t s  f o r  
t h e  exchange of waveforms were conducted over a  per iod  of four  years  with 
a view t o  preparing f o r  a  g lobal  t e s t  (GSETT-2) t o  t a k e  p lace  i n  1990/1991. 
The U K  c a r r i e d  out  many b i l a t e r a l  t e s t s  using t h e  var ious  means a v a i l a b l e  
f o r  da ta  t r a n s f e r  and these  a r e  discussed i n  sec t ion  5. The r e s u l t s  of t h e  
b i l a t e r a l  t e s t i n g  during t h i s  per iod enabled t h e  var ious  p a r t i c i p a n t s  t o  
improve t h e i r  f a c i l i t i e s  and techniques i n  prepara t ion  f o r  t h e  GSETT-2. The 
experience gained during these  t e s t s  a l s o  enabled t h e  AHGSE t o  r e v i s e  t h e  
i n i t i a l  concepts of t h e  global  system and design an upgraded g loba l  system 
incorpora t ing  t h e  new concept of regular  exchange of seismic waveform 
data  I 7 3 .  

Between 1986 and 1990 various improvements were made t o  t h e  UK 
f a c i l i t i e s .  These included new communications l i n k s  and new software and 
hardware, t h e  emphasis during t h i s  development per iod  being on bu i ld ing  more 
automation i n t o  t h e  system. The main p r i o r i t y  was given t o  prepar ing  and 
t r ansmi t t ing  t h e  da ta  t o  t h e  E I D C s  a s  rapid ly  a s  poss ib le .  A d e t a i l e d  
desc r ip t ion  of t h e  procedures adopted by t h e  UK f o r  GSETT-2 i s  given i n  
sec t ions  3 and 4 .  

The AHGSE prepared i n s t r u c t i o n s  [ 8 1  on t h e  procedures t o  be used i n  t h e  
GSETT-2. I t  was agreed t h a t  t h e r e  would be four  E I D C s  l oca ted  a t  seismic 
cen t res  i n  Washington (USA), Moscow ( U S S R ) ,  Stockholm (Sweden) and Canberra 
(Aus t ra l i a )  . 

Four phases were defined f o r  t h e  GSETT-2 experiment, two of which were 
intended a s  preparatory phases f o r  t e s t i n g  t h e  proposed procedures: 

Phase I :  up t o  December 1989 -implementation of new 
equipment and procedures a t  
N D C s  and E I D C s  

Phase 11: Jan-March 1 9 9 0  -data exchange test  
June 1990 -data exchange t e s t  ( 4  days) 
Nov/Dec 1 9 9 0  -data exchange t e s t  

Phase 111: Apr i l  22-June 09 GSETT-2 
1991 

Phase I V :  June 1991 onwards Evaluation of GSETT-2 r e s u l t s  

During Phases I and 11, t h e  NDCs developed and t e s t e d  t h e i r  NSS-NDC and 
N D C - E I D C  communications l i n k s  and t h e i r  procedures f o r  analysing,  formatt ing 
and t r ansmi t t ing  t h e  da ta .  A t  t h e  same time t h e  E I D C s  developed and t e s t e d :  
(i) t h e i r  inter-EIDC communications; (ii) t h e i r  l i n k s  with NDCs:  and (iii) 
software f o r  processing and ana lys i s  of da ta  t o  produce b u l l e t i n s .  



By the end of 1990, the AHGSE had specified procedures for every aspect 
of NDC and EIDC processing and were prepared to undertake the GSETT-2 
experiment. The scale of this experiment was unprecedented in seismological 
research, with so many participating states having to transmit waveform data 
to processing centres within 24 hours of recording and the EIDCs having to 
produce definitive bulletins of seismic events within one week. It was this 
need for rapid transmission and processing of data which made GSETT-2 such 
a large undertaking. 

The UK participated fully in GSETT-2, reporting short and long period 
parameter and waveform data from the EKA station to the Washington EIDC for 
the designated 42 data days of the experiment. A brief summary of the 
results of the GSETT-2 experiment is given in section 5. 

In spite of some shortcomings which were found in the GSETT-2 network 
and procedures, this experiment was a considerable achievement in 
demonstrating the methodology of the rapid collection, transmission and 
processing of seismic data. 

3. UK FACILITIES FOR PARTICIPATION IN GSETT-2 

3.1 National Seismic Station - Eskdalemuir 
The EKA station is a medium aperture linear array of 20 short period 

seismometers with spacing of 0.9 km and an arm length of 9 km. Figure 4 
shows the layout of the array which is designed for optimal detection of 
seismic disturbances in the distance range 500-3000 km. However, the array 
does detect signals from disturbances at teleseisrnic distances (greater than 
3000 km) and the on-line automatic detector is specifically designed to 
detect these. 

The analogue output of the 20 SP seismometers is frequency modulated 
and transmitted via cables to the recording laboratory where it is digitised 
at 20 samples per second and archived on magnetic tapes. A PDPD11/24 
computer scans the 20 channels of data on-line and automatically detects 
signals from teleseismic distances. For each detected signal the waveform 
is stored on floppy disc and these files are transmitted by telephone line 
to the UK NDC on a daily basis. Since the automatic seismic detection 
system at EKA was designed for the detection of teleseismic events, a 
local/regional event (distance less than 3000 km) detector was set up at the 
NDC and its output incorporated into the analysis procedure. 

The UK elected to report LP data for GSETT-2. LP seismograms are 
derived by filtering the output of a Mk IIIC broad band seismometer, located 
in pit R1 of the SP array, and transmitted via a leased telephone line to 
the NDC. The data are then digitised at 1 sample per second and archived 
on Exabyte video tape. 

Four engineers are required to run the EKA station, providing weekend 
cover when necessary. 

3.2 National Data Centre - Blacknest 
The main tasks to be performed at the NDC are the analysis of 

seismograms, daily report formatting and transmission, and responding to 
requests for data from other NDCs or IDCs. 

A demonstration of a Sun computer operating as a "Remote Seismic 
Terminal" by the US Delegation at the AHGSE meeting in February 1981 [g] 
illustrated the capabilities of such computers to perform many of the 
seismic analysis and data exchange tasks which a seismological centre would 
be required to perform in a treaty monitoring situation. The demonstration 
convinced the UK of the need to acquire and install a Sun 2/170 Workstation 
to enable the interactive analysis of seismograms and transmission of the 
extracted parameters for international data exchange to be automated. The 
system was installed in September 1984 just before the start of GSETT-1. 



I n  t h e  f i r s t  f e w  weeks of t h e  GSETT-1, t h e  Level  I paramete rs  were 
measured by hand from t h e  d e t e c t i o n  f i l e s  t r a n s m i t t e d  from EKA t o  t h e  NDC 
t h e n  keyed i n t o  t h e  Sun Workstat ion.  Th is  computer was on ly  used  t o  
t r a n s m i t  t h e  messages t o  t h e  Meteoro log ica l  O f f i c e  a t  B rackne l l  ( t h e  UK node 
f o r  t h e  WMO/GTS) v i a  a l e a s e d  t e lephone  l i n e .  The o p e r a t i o n  worked w e l l  b u t  
was t ime  consuming f o r  a n a l y s t s .  I n  t h e  l a s t  two weeks of t h e  GSETT-1, an 
i n t e r a c t i v e  a n a l y s i s  program was i n s t a l l e d  on t h e  Sun 2/170 t o  f a c i l i t a t e  
t h e  e x t r a c t i o n  of Level  I d a t a  which proved t o  be  ve ry  s u c c e s s f u l  and 
s i m p l i f i e d  t h e  p rocedures  a t  t h e  NDC. The r e s u l t s  of UK d a t a  t r a n s m i s s i o n  
and r e c e p t i o n  du r ing  t h e  GSETT-1 are summarised i n  t a b l e  3. The computer 
c o n f i g u r a t i o n  employed a t  t h e  UK NDC du r ing  GSETT-1 i s  shown i n  f i g u r e  5 .  

For p a r t i c i p a t i o n  i n  GSETT-1 t h e  NDC was s t a f f e d  by:  2 computer 
programmers, 1 se i smo log i s t ,  3 a n a l y s t s  and 2 d a t a  p r o c e s s o r s .  The 
exper ience  ga ined  i n  o p e r a t i n g  a NDC du r ing  GSETT-1 demonstra ted t h e  need 
t o  automate,  as f a r  a s  p o s s i b l e ,  t h e  p rocedures  f o r  t h e  a n a l y s i s  and 
t r a n s m i s s i o n  of t h e  s e i smo log i ca l  d a t a .  

I n  t h e  run-up t i m e  t o  t h e  s t a r t  of GSETT-2 t h e  UK NDC was p r e p a r i n g  t o  
t r a n s f e r  a l l  t h e  t a s k s  performed by t h e  age ing  PDPll sys tem on t o  a MicroVax 
computer. By t h e  t i m e  GSETT-2 s t a r t e d  t h e  t r a n s f e r  was no t  complete  and as 
a r e s u l t  a number of computer systems were needed t o  perform a l l  t h e  t a s k s  
r e q u i r e d  f o r  p a r t i c i p a t i o n  i n  GSETT-2 ( f i g u r e  5 ) .  The r o u t i n e  d a t a  
p roce s s ing  was performed on t h e  PDPll and MicroVax. The i n t e r a c t i v e  
a n a l y s i s  t a s k s  and d a t a  t r an smi s s ion  o p e r a t i o n s  were c a r r i e d  o u t  on a 
Sun 3/160 system. (Note dur ing  GSETT-2 t h e  Sun systems a t  t h e  NDC were 
runn ing  Re lease  4 . 0 . 1  of t h e  Sun Microsystems U N I X  4 . 2  BSD o p e r a t i n g  system 
which i n c o r p o r a t e s  some U N I X  4 .3  BSD enhancements (appendix D ) ) .  

F i gu re s  6a and 6b show t h e  d a t a  f low e s t a b l i s h e d  f o r  GSETT-2. The 
t r a n s m i s s i o n  of d i g i t a l  waveforms posed s p e c i a l  problems and v a r i o u s  
arrangements  were made s o  t h a t  t h e  UK cou ld  f u l f i l  a l l  of i t s  o b l i g a t i o n s  
du r ing  GSETT-2. 

The waveforms from se i smic  d i s t u r b a n c e s  d e t e c t e d  by t h e  a r r a y  were 
t r a n s f e r r e d  t o  t h e  NDC, p rocessed  on t h e  PDP and t r a n s f e r r e d  t o  t h e  Sun 
system f o r  i n t e r a c t i v e  a n a l y s i s .  To o b t a i n  waveforms from s u r f a c e  waves t h e  
LP He l icorder  seismograms were examined and any s i g n a l  observed was no ted  
and t h e  t i m e  p e r i o d  cover ing  t h e  a r r i v a l  e x t r a c t e d  from Exabyte t a p e s  t o  
p rov ide  a d i g i t a l  waveform f o r  f u r t h e r  a n a l y s i s  on t h e  Sun sys tem.  

The Sun system proved t o  be  a v i t a l  component of t h e  NDC o p e r a t i o n .  
I t  was used f o r  t h e  i n t e r a c t i v e  a n a l y s i s  of t h e  EKA t e l e s e i s m i c ,  l o c a l  and 
LP d e t e c t e d  s e i smic  d i s t u r b a n c e s .  Each 24 hour p e r i o d  of d e t e c t e d  waveforms 
were ana ly sed ,  t h e  parameters  e x t r a c t e d  and messages fo rma t t ed  and 
t r a n s m i t t e d ,  v i a  t h e  Sun, u s ing  t h e  X.25 l i n k  t o  t h e  Washington E I D C .  Th i s  
procedure  was fo l lowed  d a i l y  f o r  t h e  42 consecu t ive  d a t a  days of t h e  GSETT-2 
exper iment .  

Concurrent  wi th  t h e  d a t a  p roce s s ing  and t r a n s m i s s i o n ,  programs on t h e  
Sun computer were c o n s t a n t l y  moni tor ing incoming messages and a l e r t i n g  s t a f f  
i f  a  d a t a  r e q u e s t  was r ece ived .  A s  a  r e s u l t  t h e  r e q u e s t s  f o r  waveform d a t a  
cou ld  be responded t o  qu i ck ly .  A l l  incoming messages, i n c l u d i n g  b u l l e t i n s  
s e n t  by t h e  E I D C s  were logged and a r ch ived  a u t o m a t i c a l l y .  

The AHGSE recommended t h a t  t h e  NDC da t abase  f a c i l i t i e s  shou ld  be  
a c c e s s i b l e  t o  o t h e r  p a r t i c i p a n t s  i n  t h e  AHGSE. The X.25 packe t  swi tched  
d a t a  network (PSDN) l i n k  i n t o  t h e  Sun computer p rov ided  i n t e r c o n n e c t i o n  
between t h e  UK NDC and o t h e r  p a r t i c i p a n t s  connected t o  a PSDN. For GSETT-2 
t h e  UK NDC c r e a t e d  s e p a r a t e  accounts  f o r  each  of  t h e  p a r t i c i p a t i n g  
c o u n t r i e s ,  wi th  usernames and d i r e c t o r y  s t r u c t u r e s  a r r anged  as recommended 
i n  t h e  AHGSE document CRP 167 [101. When an AHGSE member logged on to  BDAC, 
a "welcome banner" was d i sp l ayed  ( f i g u r e  7 ) .  

Improvements i n  automation meant t h e  UK NDC r e q u i r e d  fewer s t a f f  du r ing  
GSETT-2 t han  GSETT-1, i e ,  1 programmer, 1 d a t a  p roce s so r ,  1 s e i s m o l o g i s t  and 
2 a n a l y s t s .  



3.3 NDC Communications Links 

The data from EKA were transmitted to the UK NDC via a leased Public 
Switched Telephone Network (PSTN) line using modems with a 4 channel 
multiplexer to increase the capacity of the data communications link. One 
channel was dedicated to file transfer of detected events and another 
channel used to transmit the 20 channels of SP array data which was used to 
detect local seismic disturbances. The cost of leasing this PSTN line is 
57,237 per annum. 

The four main methods of data transfer between NDCs and EIDCs 
recommended by the AHGSE are: 

(a) X.25 computer-to-computer link (PSDN); 

(C) dial-up computer-to-computer link (PSTN); and 

(d) high quality dedicated links (eg, satellite) . 
Although the UK NDC could provide three out of four of these methods 

of data transfer, it was decided that for GSETT-2, the most reliable 
communications method would be the X.25 PSDN. Direct X.25 links were 
available to three of the EIDCs but not the Moscow EIDC. 

Three serial ports on the Sun 3/160 computer were used for 
communications links: one connected to British Telecom's Packet Switch 
Stream (PSS) for X.25 access; one connected through a modem to a leased line 
to the Meteorological Office at Bracknell for WMO/GTS access; and one 
connected through a modem to the PSTN for dial-up facilities. This 
configuration allowed the UK NDC to experiment with three of the recommended 
means of waveform data exchange: X.25, WMO/GTS, dial-up. 

The PSS link allowed access to the Blacknest account on the ARPANET 
Gateway machine at University College London (UCL) which provided an 
INTERNET electronic mail (email) facility which was used to receive 
bulletins from the EIDCs during GSETT-2. 

For a connection to the PSS, the Sun computer has to act as a Packet 
Assembler Disassembler (PAD) and these functions are performed by the 
SunLink software developed by Sun Microsystems. The SunLink X.25 package 
includes X .29/X. 3 facilities (appendix C) which define PAD functions and 
facilities interfacing between different makes of computer. This is 
essential for AHGSE applications due to the many different computer systems 
used by participants in data exchanges. 

To execute data transfer an application layer must be used over the top 
of the X. 25 software and the CCITT X. 400 Recommendation is an example of 
such an application. The Message Handling System (MHS) enables users to 
exchange mail messages on a store-and-forward basis using the X.400 
protocol. For GSETT-2 the UK NDC installed a X.400 MHS package on the Sun 
3/160 and conducted successful bilateral tests in waveform data exchange 
with West Germany, Japan and Sweden using X.400. 

During GSETT-2 the UK NDC system used a simple applications program 
over the SunLink X.25 to transfer data to and from remote machines. 
Programs were written to send and retrieve waveform data to and from all the 
AHGSE participants with PSDN connections. During GSETT-2, this facility was 
used daily to report Level I and Level I1 data to the Washington EIDC, and 
X.400 was used to receive bulletin data. An example of a program to perform 
a file transfer to the Vax machine in Germany (FRG) is shown in figure 8. 
The annual rental of the X.25 connection is around £6,000 and the data 
transmission costs during GSETT-2 were on average £700 per month. 



4 .  DATA EXTRACTION AND TRANSMISSION 

4 .1  Automatic Event De tec to r  

The au tomat ic  even t  d e t e c t i o n  system a t  EKA was i n s t a l l e d  i n  1983 and 
comprised a PDP11/24 with a c h a r t  r e co rde r  and f l oppy  d i s c  u n i t s .  The 
so f twa re  was w r i t t e n  i n  t h e  Macro 11 language.  

The d e t a i l s  of t h e  au tomat ic  even t  d e t e c t o r  are g iven  i n  Weichert  [ I l l ,  
Key, Lea 6 Douglas [ l21  and N e w  [ 13 ] .  It u s e s  s t a n d a r d  a r r a y  p r o c e s s i n g  
t e chn iques  where d a t a  from i n d i v i d u a l  channe l s  are summed t o g e t h e r  (beam 
formed) t o  produce a "beam" channel  which has  an  improved s i gna l - t o -no i s e  
r a t i o  . 

Each t i m e  t h e  program d e c l a r e s  a d e t e c t i o n ,  t h e  beamed waveform d a t a  
from t h e  t i m e  segment con t a in ing  t h e  s i g n a l  i s  s t o r e d  on f l oppy  d i s c .  The 
beamed waveform d a t a  f i l e s  are t r a n s m i t t e d  t o  t h e  NDC. During GSETT-2, t h i s  
f i l e  t r a n s f e r  p roce s s  from t h e  NSS t o  t h e  NDC took  p l a c e  a t  t h e  s t a r t  of 
each  day t o  enab l e  t h e  d e t e c t e d  even t s  from t h e  p r ev ious  day t o  be v e r i f i e d ,  
ana ly sed  and t r a n s m i t t e d  t o  t h e  EIDC. 

4.2 I n t e r a c t i v e  a n a l y s i s  

S t a f f  a t  t h e  Centre  f o r  Seismic  S t u d i e s  i n  Washington developed a 
so f twa re  package f o r  i n t e r a c t i v e  a n a l y s i s  of seismic waveforms [ l 4 1  which 
a l l ows  t h e  a n a l y s t  t o  e x t r a c t  t h e  s p e c i f i c  pa ramete rs  recommended by t h e  
AHGSE. Th i s  program, Graphical  Parameter Measurement (GPM), i s  accompanied 
b y  r o u t i n e s  which re format  t h e  parameter  d a t a  i n t o  s t a n d a r d  message fo rma t s .  
To use  t h i s  program t h e  waveform d a t a  a r e  r e a d  on to  a Sun 3/160 computer v i a  
magnet ic  t a p e  o r  d a t a  t r a n s f e r  and s t o r e d  i n  a f i x e d  format  f i l e  on d i s c .  
The GPM program i s  t hen  used t o  c a l l  up t h e  d a t a  f i l e  and d i s p l a y  t h e  
waveform on t h e  s c r een .  F igure  9 shows an  example d i s p l a y  of a n  a n a l y s i s  
s c r e e n .  A mouse-driven c u r s o r  i s  used t o  make measurements on t h e  d a t a  
which are l a b e l l e d  accord ing  t o  AHGSE format requ i rements .  When t h e  a n a l y s t  
q u i t s  t h e  program, t h e  measurements t aken  are w r i t t e n  t o  a f i l e  on d i s c  and 
t h e n  conver ted  t o  t h e  r e q u i r e d  format f o r  d a t a  t r a n s m i s s i o n .  An example of 
a parameter  message i s  shown i n  f i g u r e  10 .  

The GPM so f twa re  was i n s t a l l e d  on t h e  Sun 2/170 i n  September 1984 and 
a f t e r  a  s h o r t  p e r i o d  of s t a f f  t r a i n i n g  was used  t o  e x t r a c t  Level  I 
paramete rs  f o r  t r an smi s s ion  over  t h e  WMO/GTS d u r i n g  t h e  l a t t e r  p a r t  of  t h e  
GSETT-1. A t  a  l a t e r  d a t e  GPM was i n s t a l l e d  on t h e  Sun 3/160 and used 
throughout  a l l  t h e  v a r i o u s  phases  of GSETT-2. However t h e  message 
f o r m a t t i n g  r o u t i n e s  r e q u i r e d  mod i f i c a t i on  t o  accommodate d a t a  t r a n s m i s s i o n  
v i a  X.25. 

4 . 3  Messaae Format t inq  

For GSETT-2 an agreed  format f o r  message exchange was adopted .  The 
format f o r  a f i l e  of waveform d a t a  (CRP 167 [ 1 0 ] ) ,  i s  shown i n  f i g u r e s  l l a  
t o  c .  I t  was agreed  by t h e  AHGSE t h a t  t h e  d a t a  shou ld  be ASCII (American 
S tandard  Code f o r  Informat ion In t e r change )*  and t h a t  t h e r e  shou ld  b e  a 
"volume header"  fo l lowed by t h r e e  d i s t i n c t  s e c t i o n s  f o r  each  waveform 
t r a n s m i t t e d :  

( a )  C a l i b r a t i o n  Sec t i on  

( b )  I d e n t i f i c a t i o n  Sec t i on  

( C )  Data S e c t i o n  

*Binary Waveform d a t a  exchange was cons idered  b u t  d i s c a r d e d  a s  be ing  
i m p r a c t i c a l  a t  p r e s e n t .  To perform b ina ry  f i l e  t r a n s f e r  from computer-to- 
computer would r e q u i r e  a l l  t h e  computers t o  i n t e r p r e t  and hand le  b i n a r y  d a t a  
i n  e x a c t l y  t h e  same way. Th is  i s  u n l i k e l y  t o  occur  i n  a network i n v o l v i n g  
s e v e r a l  machine t y p e s  and s e v e r a l  d i f f e r e n t  o p e r a t i n g  sys tems.  



T h i s  fo rmat  had t o  b e  f l e x i b l e  enough t o  c a t e r  f o r  mul t i - e l ement  a r r a y  d a t a  
a s  w e l l  a s  s i n g l e  component d a t a  and t o  accommodate e v o l u t i o n a r y  changes  i n  
i n s t r u m e n t a t i o n  and p r o c e s s i n g  t e c h n i q u e s .  

C e r t a i n  recommendations and r e s t r i c t i o n s  are d e f i n e d  i n  CRP 167 [ l 0 1  
r e g a r d i n g  waveform d a t a  f o r m a t t i n g .  Summarising t h e  g e n e r a l  r e q u i r e m e n t s :  

( a )  a l l  d a t a  s h o u l d  be ASCII 

(b)  a l l  h e a d e r  f i e l d s  and a l l  d a t a  v a l u e s  w i l l  b e  s e p a r a t e d  by a 
b l a n k  

( c )  n u l l  v a l u e s  a s  opposed t o  z e r o s  w i l l  b e  u s e d  t o  i n d i c a t e  t h e  
f i e l d  i s  n o t  a p p l i c a b l e  o r  n o t  a v a i l a b l e  

( d )  no c h a r a c t e r s  a t  a l l  shou ld  c r o s s  t h e  80 c h a r a c t e r  boundary 

(e )  t h e r e  s h o u l d  b e  no embedded whi te  s p a c e  i n  a lphanumer ic  f i e l d s  

(f) i n  f i x e d  format  f i e l d s ,  a l l  c h a r a c t e r  d a t a  s h o u l d  be l e f t  
j u s t i f i e d  and a l l  numeric d a t a  r i g h t  j u s t i f i e d  

( g )  t h e  f i r s t  l i n e  of  a  s e c t i o n  must s ta r t  w i t h  e i t h e r  WEX1, CAL1, 
W I D l  o r  DAT1. 

Some r e q u i r e m e n t s  are dependent  on t h e  media b e i n g  u s e d  f o r  d a t a  t r a n s f e r  
and append ix  E o u t l i n e s  some of t h e  d i f f e r e n t  f o r m a t s .  An example of  a  
waveform d a t a  f i l e  s t o r e d  on d i s c  on t h e  Sun computer i s  shown i n  f i g u r e  12 
which i s  t h e  d i g i t a l  form of t h e  s i g n a l  shown i n  f i g u r e  8 .  

5 .  EXPERIMENTAL RESULTS 

5 . 1  GSETT-1 r e s u l t s  

The r e s u l t s  of GSETT-1 a r e  summarised i n  t h e  AHGSE 4 t h  Repor t  t o  t h e  
CD [6]. 75 seismograph s t a t i o n s  from 37 c o u n t r i e s  ( f i g u r e  1 and t a b l e  4 )  
c o n t r i b u t e d  Leve l  I d a t a  f o r  t h i s  t e s t  s e n d i n g  d a t a  t o  one  of  t h e  t h r e e  
E I D C s  a t  Moscow, Stockholm o r  Washington DC. Only 25 o u t  of t h e  75 
seismograph s t a t i o n s  r e c o r d e d  d a t a  i n  d i g i t a l  form, t h e  m a j o r i t y  making 
measurements from analogue r e c o r d i n g s .  38 s t a t i o n s  r e p o r t e d  d a t a  from LP 
i n s t r u m e n t s .  Slowness and az imuth  p a r a m e t e r s  were o n l y  r e p o r t e d  by 8 
s t a t i o n s .  C lose  t o  22,000 P-wave o n s e t s  were r e p o r t e d .  

A t o t a l  o f  n e a r l y  4,000 messages were t r a n s m i t t e d  d u r i n g  GSETT-1. Some 
c o u n t r i e s  e x p e r i e n c e d  s e v e r e  d i f f i c u l t i e s  w i t h  t r a n s m i s s i o n  of  d a t a  v i a  
WMO/GTS . B u l l e t i n s  were produced by t h e  EIDCs and  d i s t r i b u t e d  t o  
p a r t i c i p a n t s  v i a  WMO/GTS. 

The UK NDC r e c e i v e d  a l l  b u t  two of  t h e  b u l l e t i n  messages t r a n s m i t t e d  
by t h e  EIDCs and r e c e i v e d  some pa ramete r  messages from 29 o f  t h e  
p a r t i c i p a t i n g  s t a t e s .  The UK NDC s e n t  a  t o t a l  of  78 messages o v e r  t h e  
WMOIGTS d u r i n g  GSETT-1 and t h e s e  a r e  summarised i n  t a b l e  3 .  

5 . 2  B i l a t e r a l  tests  

I n  p r e p a r a t i o n  f o r  t h e  d i g i t a l  waveform d a t a  exchange exper iment  many 
b i l a t e r a l  exchanges t o o k  p l a c e .  Table  5 shows a summary o f  t h e  r e s u l t s  of  
b i l a t e r a l  exchange tes ts  conducted  by t h e  UK NDC v i a  PSDN l i n k s .  Once t h e  
c o r r e c t  PAD s e t t i n g s  had been e s t a b l i s h e d  f o r  a l i n k  between two c e n t r e s ,  
t h e  c o n n e c t i o n s  were found t o  b e  e f f i c i e n t  and t h e  i n t e g r i t y  o f  d a t a  was 
w e l l  p r e s e r v e d  on t r a n s f e r .  

One of t h e  b i l a t e r a l  tests  t h a t  t o o k  p l a c e  was an exchange o f  Leve l  I1 
d a t a  w i t h  t h e  Swedish d a t a  c e n t r e  u s i n g  t h e  WMO/GTS. The tests were 
s u c c e s s f u l  [ l 5 1  b u t  t h e  WMO/GTS r e s t r i c t s  t h e  number o f  c h a r a c t e r s  i n  a  
message t o  3800 c h a r a c t e r s .  Frequent  l i a i s o n  w i t h  t h e  M e t e o r o l o g i c a l  O f f i c e  



overcame t h i s  problem b u t  t h i s  l i m i t a t i o n  on t h e  l e n g t h  of a message would 
be  a  s e r i o u s  inconvenience when a t t emp t ing  t o  handle  t h e  l a r g e  volumes of 
d a t a  invo lved  i n  g l o b a l  d a t a  exchange. 

Other  d a t a  exchange tests  c a r r i e d  o u t  by t h e  UK NDC v i a  PSTN computer- 
to-computer l i n k s  a r e  summarised i n  t a b l e  6 .  A t  t h e  t i m e  t h e  b i l a t e r a l  
tes ts  were conducted only  e l even  NDCs ope ra t ed  d i a l - u p  f a c i l i t i e s .  The UK 
NDC cou ld  connect  t o  7 ( f o u r  of which d i d  no t  send a  l o g i n  prompt when t h e  
two modems were connec ted) ;  3  be ing  logged i n t o  s u c c e s s f u l l y .  Waveform d a t a  
f i l e s  were t h e n  t r a n s f e r r e d  t o  and from t h e s e  3 c e n t r e s  u s i n g  a f i l e  
t r a n s f e r  p r o t o c o l  (known a s  K e r m i t )  du r i ng  s e v e r a l  b i l a t e r a l  tests i n  
1986/7.  The d a t a  t r a n s f e r  was ve ry  slow b u t  a c c u r a t e  and t h e  f i l e  t r a n s f e r s  
were s u c c e s s f u l .  However, d ia l -up  l i n k s  were no t  used  by t h e  UK NDC du r ing  
GSETT-2. Only 1 4  of t h e  AHGSE NDCs were equipped w i th  PSTN f a c i l i t i e s  
du r ing  GSETT-2 (CRP 167 [ l01  ) . 

F i n a l l y  some tests were made of t h e  X.400 MHS and it was e v a l u a t e d  w i th  
r e s p e c t  t o  waveform d a t a  exchange a p p l i c a t i o n s .  Some waveform f i l e s  were 
exchanged s u c c e s s f u l l y  wi th  t h e  West German MicroVax computer, w i th  a  
MicroVax computer i n  Stockholm and a Sun computer i n  Japan.  The X.400 MHS 
proved very  u s e f u l  and was used t o  p rov ide  t h e  l i n k  wi th  t h e  Stockholm EIDC 
du r ing  GSETT-2. 

5 . 3  GSETT-2 r e s u l t s  

An assessment  of t h e  GSETT-2 experiment i s  t h e  s u b j e c t  of  t h e  second 
p a r t  of t h i s  r e p o r t ,  b u t  f o r  convenience a  b r i e f  summary i s  g iven  h e r e .  

There were 3 4  p a r t i c i p a t i n g  s t a t e s  (see f i g u r e  1 and t a b l e  7 )  r e p o r t i n g  
d a t a  from 60 s t a t i o n s  f o r  42 consecu t ive  d a t a  days,  a t  t h e  end a f u r t h e r  7 
p r o c e s s i n g  days  were i nc luded  t o  a l low t h e  E I D C s  t o  complete t h e i r  work. 
The 60 s t a t i o n s  are no t  uniformly d i s t r i b u t e d  around t h e  globe;  most are 
l o c a t e d  i n  t h e  Northern Hemisphere. Of t h e  60 s t a t i o n s  twe lve  a r e  a r r a y s  
and t h e s e  proved t o  be  a d e f i n i t e  advantage over  o t h e r  s t a t i o n s  b o t h  i n  
supp ly ing  in format ion  on even t  l o c a t i o n s  and i n  t h e i r  s u p e r i o r  d e t e c t i o n  
c a p a c i t i e s .  A l a r g e  ma jo r i t y  of t h e  s t a t i o n s  r e co rded  d a t a  i n  d i g i t a l  form. 
LP d a t a  were r e p o r t e d  by 36 s t a t i o n s ,  v i a  1 3  of t h e  34 N D C s .  There were 
f o u r  E I D C s :  Stockholm, Sweden; Canberra, A u s t r a l i a ;  Washington, USA; and 
Moscow, USSR each equipped wi th  h igh-qua l i ty  inter-EIDC communications l i n k s  
compris ing s a t e l l i t e  and X.25 connec t ions .  Almost a l l  NDCs used  some k ind  
of computer-to-computer communications t o  r e p o r t  d a t a  t o  t h e  EIDCs*. A few 
c o u n t r i e s  t r i e d  t o  u se  t h e  WMO/GTS b u t  t h i s  proved t o  be  ve ry  i n e f f i c i e n t .  
Only t h r e e  N D C s  had no computer-to-computer l i n k  and had t o  send  t e l e x  
r e p o r t s  t o  t h e  EIDCs .  Around 30,000 messages were r e c e i v e d  by t h e  EIDCs 
du r ing  GSETT-2 con t a in ing  80,000 waveform segments from 48 s t a t i o n s .  Some 
s t a t i o n s  on ly  r e p o r t e d  parameter d a t a .  Some NDCs and EIDCs e x e r c i s e d  t h e  
r i g h t  t o  r e q u e s t  a d d i t i o n a l  waveform d a t a  from o t h e r  s t a t i o n s  and t h e  EIDCs 
handled 2,600 waveform d a t a  r e q u e s t s  a l t o g e t h e r .  The EIDCs produced a 
b u l l e t i n  f o r  each d a t a  day which was d i s t r i b u t e d  t o  a l l  N D C s .  I n  a l l ,  a  
t o t a l  of around 3,700 s e i smic  e p i c e n t r e s  were determined f o r  t h e  42 days  of 
t h e  exper iment .  

The e v a l u a t i o n  of t h e  r e s u l t s  of t h e  GSETT-2 i s  c o n t i n u i n g  and t h e  d a t a  
c o l l e c t e d  w i l l  p rov ide  m a t e r i a l  f o r  r e s e a r c h  f o r  many y e a r s  t o  come b u t  
t h e r e  are some conc lus ions  which can be drawn now: 

(i The d i s t r i b u t i o n  of  s e i smic  s t a t i o n s  i n  t h e  GSETT-2 network 
was not  s a t i s f a c t o r y  f o r  g l o b a l  moni to r ing  as it l a c k e d  c o n t r i b u t i n g  
s t a t i o n s  i n  t h e  Southern  Hemisphere. 

*The v a r i o u s  t y p e s  of connect ion i nc luded  s a t e l l i t e ,  packe t  swi tched  d a t a  
networks ( X .  25) , I n t e r n e t  and d ia l -up .  



(ii) The p rocedures  a t  t h e  EIDCs  worked w e l l  a n d  t h e  b u l l e t i n s  
were produced w i t h i n  t h e  proposed t i m e  s c a l e .  However, t h e  workload 
imposed by t h e  a n a l y s i s  o f  waveform d a t a  p roved  somewhat l a r g e r  t h a n  
was e x p e c t e d  and  n o t  a l l  t h e  r e p o r t e d  waveform d a t a  c o u l d  be a n a l y s e d  
w i t h i n  t h e  d e f i n e d  t i m e  s c a l e .  F u r t h e r ,  many of  t h e  GSETT-2 
p a r t i c i p a n t s  f e l t  t h a t  t h e  s e i s m o l o g i c a l  q u a l i t y  o f  t h e  b u l l e t i n s  
produced by t h e  E I D C s  c o u l d  have been b e t t e r .  

(iii) Cons ide r ing  t h e  complex a n d  a d  hoc  n a t u r e  o f  t h e  
communications i n  t h e  GSETT-2 network, t h e  sys tem worked w e l l  w i t h  a  
h i g h  p e r c e n t a g e  o f  d a t a  b e i n g  s u c c e s s f u l l y  t r a n s m i t t e d .  Where WMO/GTS 
l i n k s  were used,  it was clear t h a t  t h e s e  c o u l d  n o t  cope  w i t h  t h e  l a r g e  
volume o f  Level  I1 d a t a  t o  be t r a n s m i t t e d  c o n f i r m i n g  t h e  e a r l i e r  
c o n c l u s i o n  of  t h e  AHGSE. 

The o v e r a l l  c o n c l u s i o n  t o  d a t e  i s  t h a t  a  s u s t a i n e d  long- term t es t  of a  
g l o b a l  network would r e q u i r e  s i g n i f i c a n t  i n c r e a s e s  i n  r e s o u r c e s  and  
m o d i f i c a t i o n s  t o  t h e  p rocedures  a t  b o t h  t h e  NDCs and  E I D C s .  

6 .  DISCUSSION 

6 . 1  UK F a c i l i t i e s  

The UK p a r t i c i p a t i o n  i n  GSETT-2 was s u c c e s s f u l  i n  t h a t  Level  I and 
Level  11 SP and  LP d a t a  f o r  e a c h  of t h e  42 days  were t r a n s m i t t e d  t o  t h e  EIDC 
w i t h i n  t h e  24 hour l i m i t  and t h e  UK NDC responded t o  a l l  waveform d a t a  
r e q u e s t s  q u i c k l y  and e f f i c i e n t l y .  

The development of t h e  UK NDC had p r o g r e s s e d  s t e a d i l y  i n  t h e  s i x  y e a r s  
between GSETT-1 and GSETT-2 and t h e  r e s u l t i n g  s u c c e s s f u l  p a r t i c i p a t i o n  was 
due i n  p a r t  t o  t h e  au tomat ion  which was b u i l t  i n t o  t h e  sys tem.  The d e t a i l e d  
seismic a n a l y s i s  was performed i n t e r a c t i v e l y  b u t  most o f  t h e  p r o c e s s i n g  
t a s k s  were done t o  a  c e r t a i n  e x t e n t  a u t o m a t i c a l l y .  T h i s  e a s e d  c o n s i d e r a b l y  
t h e  workload on t h e  NDC s t a f f  and f a c i l i t a t e d  t h e  r ecord-keep ing  which i s  
u s e f u l  f o r  e v a l u a t i o n  of t h e  t e s t .  The computer f a c i l i t i e s  were found t o  
be a d e q u a t e  b u t  n o t  optimum i n  terms of d a t a  s t o r a g e  and  p r o c e s s i n g  speed .  

6 . 2  Genera l  D i s c u s s i o n  

S i n c e  GSETT-1, t h e r e  have been many improvements i n  f a c i l i t i e s  a t  a l l  
p a r t i c i p a t i n g  s t a t i o n s ,  N D C s  and E I D C s .  The numerous b i l a t e r a l  t e s t s ,  which 
proved v i t a l  t o  t h e  s u c c e s s  of GSETT-2, e n a b l e d  better communications t o  be  
e s t a b l i s h e d  and  GSETT-2 showed how well t h e  improved communications methods 
can work. 

The main purpose  of  t h e s e  tests i s  t o  e v a l u a t e  t h e  i n i t i a l  d e s i g n  
c o n c e p t s  f o r  a  g l o b a l  network f o r  d a t a  exchange, t h e  p r i n c i p a l  components 
of  which a r e :  

( a )  s e i s m i c  s t a t i o n  des ign ;  

( b )  g l o b a l  network des ign ;  

( C )  NDC p rocedures ;  

( d )  EIDC p r o c e d u r e s  - b u l l e t i n  f o r m a t i o n  - s e i s m o l o g i c a l  p r o c e s s i n g ;  

(e)  communications. 

It a p p e a r s  t h a t  t h e r e  were two' main a r e a s  which r e q u i r e  f u r t h e r  
improvement: t h e  g l o b a l  network and s e i s m o l o g i c a l  p r o c e s s i n g  p a r t i c u l a r l y  
a t  t h e  EIDCs; t h e s e  a r e  b e i n g  a d d r e s s e d  i n  t h e  f u l l  e v a l u a t i o n  which i s  
c u r r e n t l y  b e i n g  made by t h e  AHGSE. P a r t  I1 of  t h i s  r e p o r t  w i l l  p r e s e n t  t h e  
a s p e c t s  of  t h e s e  c a t e g o r i e s  which were t e s t e d  i n  GSETT-2. 



7 .  FUTURE PLANS/RECOMMENDATIONS 

7 . 1  UK F a c i l i t i e s  

The UK NDC i n t e n d s  t o  c o n t i n u e  improving b o t h  i t s  NSS and  NDC 
f a c i l i t i e s  by t h e  i n t r o d u c t i o n  of  f u r t h e r  au tomat ion  i n t o  i t s  o p e r a t i o n s .  
A new d e t e c t i o n  sys tem i s  b e i n g  developed f o r  EKA which w i l l  be d i r e c t l y  
l i n k e d  t o  t h e  UK NDC p r o c e s s i n g  sys tem.  It was a p p a r e n t  d u r i n g  GSETT-2 t h a t  
some of t h e  e v e n t  l o c a t i o n s  o b t a i n e d  by t h e  a u t o m a t i c  d e t e c t i o n  sys tem were 
t o o  c o a r s e  so improved beam-opt imisa t ion  p r o c e d u r e s  are n e c e s s a r y  t o  e n a b l e  
more a c c u r a t e  l o c a t i o n s  t o  b e  r e p o r t e d .  The i n t e n t i o n  i s  t h a t  t h e  o n l y  
o p e r a t o r  i n t e r v e n t i o n  needed w i l l  b e  i n  t h e  i n t e r a c t i v e  a n a l y s i s  of  
waveforms. There  i s  no i n t e n t i o n  t o  make pa ramete r  e x t r a c t i o n  a n  automated 
p r o c e s s .  

7.2 Globa l  Network 

With r e g a r d  t o  t h e  g l o b a l  network, t h e  AHGSE i s  s t i l l  e v a l u a t i n g  t h e  
r e s u l t s  o f  GSETT-2. When t h e  e v a l u a t i o n  i s  complete,  t h e  AHGSE hopes  t o  b e  
a b l e  t o  make recommendations t o  t h e  CD r e g a r d i n g  t h e  s p e c i f i c a t i o n s  f o r  a  
s t a n d a r d  s t a t i o n  and a  r e v i s e d  c o n f i g u r a t i o n  of t h e  g l o b a l  ne twork.  I t  may 
be  n e c e s s a r y  f o r  t h e  v a r i o u s  s u g g e s t e d  improvements i n  t h e  network t o  b e  
t e s t e d  and  e v a l u a t e d  b e f o r e  f i n a l  s p e c i f i c  recommendations a r e  made t o  t h e  
CD and  it i s  t h e r e f o r e  env i saged  t h a t  s e v e r a l  s h o r t - t e r m  i n t e r n a t i o n a l  
exchanges  may t a k e  p l a c e  d u r i n g  t h e  e v a l u a t i o n  of GSETT-2. 
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Glossary 

AHGSE Ad Hoc Group of Scientific Experts 

Baud Bits per second - modulation rate for data transmission 
BDAC Blacknest Data Analysis Centre 

Beamforming Process of applying time shifts to the output of array 
seismometers to compensate for the time the signal takes to 
cross the array, summing the shifted signals and dividing 
by the number of seismometers 

Blacknest Base of the MOD seismological research group 

C CD Conference of the Committee on Disarmament 

CCITT International Telegraph and Telephone Consultative Committee 

CD Committee on Disarmament/Conference on Disarmament 

CTBT Comprehensive Test Ban Treaty 

EIDC Experimental International Data Centre 

EKA Eskdalemuir seismic array station 

GSETT-1 Group of Scientific Experts 1st Technical Test (originally 
known as GSETT) 

GSETT-2 Group of Scientific Experts 2nd Technical Test 

IDC International Data Centre 

Level I data Parameters obtained from measurements on seismograms 

Level I1 data Digital waveform 

Message Protocol for message transmission on store and forwardbasis 
Handling System over X.25 links 

MicroVax Digital Equipment Corporation (DEC) micro-computer 

NDC National Data Centre 

NSS National Seismic Station 

PAD Packet Assembler/Disassembler 

PSDN Packet Switched Data Network 

PSTN Public Switched Telephone Network 

Sun Sun Microsystems Workstation computer 

UNCD United Nations Conference on Disarmament 

WorldMeteorological Organisation Global Telecommunications 
System 

X.25 CCITT Recommendation for packet switched network interfacing 

X.400 CCITT Recommendation for MHS 

X.3 CCITT Recommendation defining the functions of a PAD 

X.29 CCITT Recommendation for interfacing with a PAD 
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TABLE 1 

States Represented at AHGSE to date 

*t New Zealand 

t Switzerland 
* t  Czechoslovakia (Czech and Slovak 

Federal Republic) 

*t  Federal Republic of Germany) Germany 
* German Democratic Republic 
* t Hungary 
* t  India 
* Indonesia 
* Iran 
* t Italy 
* t  Japan 
* t Kenya 

Mexico 
Mongolia 

*t  Netherlands 
Nigeria 

* t  Pakistan 
* t Peru 
t  Poland 

*t Romania 
* t  Sweden 
* t  UK 
*t  USA 
* t USSR (Russian Federation) 

* States participating in GSETT-1 
t  States participating in GSETT-2 



TABLE 2 

Reported Technical F a c i l i t i e s  used for GSETT-1 

B e l g i u m  

C a n a d a  

C h i n a  

Denmark 

F.R.G 
H a n n o v e r  

F.R.G. 
G r a f e n b e r g  

F i n l a n d  

G.D.R. 

Hunga ry  

I n d i a  

I t a l y  

J a p a n  

N e t h e r l a n d s  

N e w  Z e a l a n d  

Norway 

P o l a n d  

Sweden  

UK 

USA 

CDC C y b e r  8 6 0  
CDC C y b e r  8 3 0  

H o n e y w e l l  M i n i  

VAX 1 1 / 7 3 0  

VAX11/750 
MicroVAX 11 

VAX 1 1 / 7 5 0  

RC 8 0 0 0  

VAX 1 1 / 8 6 5 0  
VAX 1 1 / 7 8 5  
VAX 1 1 / 7 3 0  

MicroVAX I1 

S u n  3 

S u n  3 / 2 6 0  
VAX 8 8 0 0  

---- 
VT-20 

IBM 3 0 3 1  

N o r s k  D a t a  5 0 0  

VAX 1 1 / 7 5 0  
M i  c roVAX 

S u n  3 /160C  

B u r r o u g h s  A9 

VAX 1 1 / 7 8 0  

IBM 4 3 8 1  P 0 2  
MicroVAX I1 

PDP 1 1 / 4 0  
IBM PC 

VAX 1 1 / 7 5 0  
MicroVAX I1 

S u n  3 / 1 6 0  
S u n  2 / 1 7 0  

PDP 11 /34A 

VAX 1 1 / 7 8 0  

GCPS6 

VMS 4 . 1  

VMS 4 . 3  

VMS 

BOSS 

VMS 4 . 4  

UNIX 

UNIX 
VMS 

---- 
VM/CMS 

UNIX ( p o s s i b l y )  

VMS 4 . 5  

UNIX 

MCP 

VMS 4 . 5  

VM/SP CMS 
M i c r o  VMS 

? 

VMS 4 . 1  
VMS 4 .S 

UNIX Sun  3 .4  
UNIX S u n  3 . 4  

RT11/3  

UNIX 4 . 3  BSD 

RMF 

---- 
K e r m i t  

S a f t  

---- 
---- 

Ke r m i t  
S a f t  

DECNET 
DFN-FT 

K e r m i t  

K e r m i t  

---- 
---- 

---- 
DECNET 
K e r m i t  

K e r m i t  

I C C - l i n k  
DTS (B251 

---- 

K e r m i t  

---- 

K e r m i t  
DECNET 

K e r m i t  
UUCP 
S a f t  

K e r m i t  

DCS 

DATAPAC 

---- 
---- 

DATEXP 

DATEXP 

DATAPAK 

---- 
---- 

---- 
---- 

VENUS-P 

---- 

PACNET 

DATAPAK 

---- 

DATAPAK 

I P S S  

TYMNET 

V.22  1 2 0 0  

V.22  3 0 0  1 2 0 0  

---- 
V.22 3 0 0  1 2 0 0  

V.22  1 2 0 0  

---- 

V.22 1 2 0 0  

---- 
---- 

---- 
V.22 3 0 0  1 2 0 0  

2 4 0 0  

---- 
V.22 300  

---- 

V.22 3 0 0  1 2 0 0  

---.. 

V.22 1 2 0 0  

V.22  1 2 0 0  

V.22 3 0 0  1 2 0 0  
2 4 0 0  

---- 
P S I  

---- 
---- 

DFN (EAN) , 
UUCP, P S I  
ARPANET, 

BITNET,EARN 

---- 

EARN, 
BITNET, 

ARPANET, 
P S I  

---- 
---- 

---- 
---- 

---- 
---- 

P S I ,  
ARPANET 

ARPANET 

---- 

P S I  

ARPANET 

ARPANET,UUC 
PNET 



TABLE 3 

Sumrnarv of Messaaes Received bv UK NDC 

SUMMARY OF MESSAGES RECEIVED FROM EIDCs 

(N49 series) 

Egypt 
Finland 
France 
FR Germany 
German DR 
Hungary 
India 
Indonesia 
Ireland 
Italy 
Japan 
Netherlands 
New Zealand 
Norway 
Peru 
Romania 
Sweden 
USA 
(Series N40001-452) 
(Series N40651-831) 

USSR 
Zambia 

(1) PEL - Preliminary Event List 
(2) FEB - Final Event Bulletin (3) REC - Recommendation message 

( C )  SUMMARY OF UK DATA TRANSMISSIONS 

Message Source/Type 

MOSCEIDC PEL'I' 
It FEB(~) 

(3) 
STOCEIDC PEL 

U1 FEB 
11 REC 

WASHEIDC PEL 
11 FEB 
11 REC 

Pr 

ages transmitted 
S transmitted 

13 
4 8 

11 0 
7 0 
4 7 
7 0 
61 
4 9 
4 4 
4 4 
6 9 
6 6 
7 3 
6 5 
4 5 
4 5 

177 

4 52 
181 
5 9 
6 3 

Presumed Total 
Messages 
Issued 

4 1 
3 9 
13 
61 
61 
14 
65 
61 
27 

1 
4 7 
77 
67 
3 9 
57 
32 
31 
3 5 
4 0 
66 
6 2 
9 

64 
22 
10 
176 

434 
181 
5 0 
3 1 

1 
9 8 
7 0 
9 6 
8 3 
8 1 
53 
63 
8 0 
91 
9 6 
94 
12 
9 9 
4 9 
22 
9 9 

9 7 

8 5 
4 9 

Number 
Received 

4 0 
39 
12 
61 
6 1 
14 
6 5 
61 
2 7 

% Rec/Total 

9 8 
100 
9 2 

10 0 
100 
10 0 
10 0 
100 
100 



TABLE 4 

Participation in GSETT-1 (1984) 

Australia 

Denmark Thailand 

Finland 
German Democratic Republic 

Indonesia 

Netherlands 
New Zealand 

Pakistan 



TABLE 5 

Waveform Data Exchanqe Tests conducted via Packet Switched Networks (PSDNL 

address/refused 

FRG (FIGNR) 

New Zealand 



TABLE 6 

Waveform Data Exchanqe T e s t s  conducted v i a  Dial-UP L i n e s  (PSTN) 

Country 

A u s t r a l i a  

A u s t r i a  

Belgium 

Canada 

Denmark 

F i n l a n d  

FRG ( I G )  

I t a l y  

Norway 

Sweden 

USA 

Success  of d i a l u p  connec t ion  

Yes 

No r e p l y  

No r e p l y  

On l i n e  b u t  no l o g i n  prompt 

No r e p l y  

Yes 

No r e p l y  

Yes 

Cannot u s e  a u t o d i a l  a s  
e x t e n s i o n  h a s  t o  be 
r e q u e s t e d  

Y e s  

Yes 

Received 

- - -- 

---- 
---- 
---- 
---- 
---- 
- - - - 
---- 
---- 

No 

No 

Waveform 

s e n t  

Y e s  
(Kermit)  

---- 

---- 
---- 
---- 
---- 
---- 
---- 
---- 

Y e s  
(Kermit)  

Y e s  
(Kermit)  

Data  Exchange 

R e t r i e v e d  

Y e s  
(Kermit  ) 

---- 
---- 
---- 
---- 
---- 
---- 
---- 
---- 

Y e s  
(Kermit  ) 

Y e s  
(Kermit)  



TABLE 7 

P a r t i c i p a t i o n  i n  GSETT-2 (1991) 

F e d e r a l  Republ ic  of 

S w i t z e r l a n d  
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FIGURE 1. GLOBAL DISTRIBUTION OF PARTICIPANTS IN AHGSE TECHNICAL TESTS 

mi 
Participating States represented at meetings of AHGSE prior to Technical Test 

Participating States not represented at meetings of AHGSE prior to Technical Test 





FIGURE 3. WORLD METEOROLOGICAL ORGANISATION GLOBAL TELECOMMUNICATIONS SYSTEM (WMO/GTS) 



ESKDALEMU I R ARRAY 
VERTICAL W l i L n o m t  

s E l s n o n m a s  nt P AT ALL PITS 

l7ATKm IN O?ERATtQU 1ItdCt CUY 1962 

FIGURE 4. CONFIGURATION OF EKA ARRAY STATION 

Data Reported 

1. Shor t  pe r iod  a r r a y  sum with s i n g l e  channel  ( f o r  even t s  d e t e c t e d  by 
t e l e s e i s m i c  d e t e c t o r )  

2 .  Short  pe r iod  s i n g l e  channel ( f o r  events  d e t e c t e d  by v l o c a l "  d e t e c t o r )  

3 .  Long p e r i o d  v e r t i c a l  ( l oca t ed  a t  R11 





I 20 short period aekmometer may 

F.M. 
analogue data 

detected 
evma 

FIGURE 6a.  DATA FLOW FROM EKA ( N S S )  TO UK NDC 

leased 
PSM he 

"l- 



L e a d  m 
P n e m E K A  

Modem 

4 chomel 

+ 
m detected 

chamd evulta 

**"a"/ I 

J 
LP data 
*m 

F I G U R E  6b. DATA FLOW I N T O  AND OUT OF UK NDC 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BLACKNEST DATA ANALYSIS CENTRE 

Welcome to the BDAC Sun 3/160 computer running 

Sun Unix bsd 4.2 Release 4.0.1 

Enter the command 'cat README' when you see the 

prompt 'gse>' 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
AHGSE document database is in directory /uO/gse/AHGSE-docs. 

Type in "cd/usr/bdac/gse/AHGSE-docs" 
and "more README" if you wish to access these lists of AHGSE documents 

FIGURE 7 .  "WELCOME BANNER" DISPLAYED WHEN USERS FROM OTHER NDC'S 
ACCESS THE UK NDC FACILITY 



testpad << 'END' 
call 26245511013077 
dialog sername: **\r ssword: ******\r 
dialog llsupport" I1\r" 
dialog UK> \r 
dialog UK> "set term/hostsync/noecho\r" 
dialog UK> "set prompt=%\rW 
dialog % dir\r 
dialog % 
put testwf.1 "create testwf.eka\rm - 2  
dialog "" \r 
dialog % dir\r 
dialog % \rlogout\r 
exit 

END 

This program transfers the file testwf.1 to the West German computer and 
calls it testwf.eka. (The asterisks in the usernarne and password 
definitions do not exist in the actual file but are used here to help 
preserve the security on the West German computer) . It is written using 
Unix commands which simplify the programming code. 

FIGURE 8. EXAMPLE OF FILE TRANSFER PROGRAM 



- tlck 

;?kondr Thu May 38 13:28:44 1991 51 
seconas 

Ounplng screen to flle sdr64588 

FIGURE 9. EXAMPLE ANALYSIS SCREEN 
FROM GRAPHICAL PARAMETER MEASUREMENT (GPM) PROGRAM 



GBR WAS 910531 1342 A 1 
XPOl GBR WAS 563 19 910531 1342 910530 
EKA BEG MAY30 000000 END MAY30 240000 
MAY30 
EKA EPG095140.3 XA5144.9 T0.30A2.10 ESG5147.2 ERG5150.6 
LP2 NBT29A0.040 ((QB)) 
EKA LP2 LR XA095655.4 T30A0.175 ((NP)) 
((POSSIBLY CENTRAL ATLANTIC)) 
EKA EPG124637.9 XA4638.6 T0.29A2.90 ESG4658.4 ERG4705.8 
LP2 NBT30A0.121 ((QB)) 
EKA IPC132846.3 XA2851.9 T0.74A232.40 SL06.17 A2022 ((TB)) 
LP2 LR XA135405.3 T27A999999.000 ((CL)) 
((POSSIBLY KODIAK ISLAND)) 
EKA EPG145402.2 XA5402.9 T0.15A2.70 ESG5409.3 ERG5414.5 ((QB)) 
((NOISE IN CODA OF PREVIOUS EVENT)) 
EKA EPG150231.4 XA0232.1 T0.11A0.60 ESG0243.2 ((QB)) 
((NOISE IN CODA OF PREVIOUS EVENT)) 
EKA LPZ LR XA203415.1 T21A0.452 ((NP)) 
((POSSIBLY R W K W  ISLANDS)) 
STOP 

FIGURE 1 0 .  EXAMPLE EKA PARAMETER MESSAGE FROM GSETT-2 EXPERIMENT 



header id must be "WEX1" 
data id number chars assigned by Center 

providing data, null = "-" 
chars. Corresponds to id 

number of message requesting data, 
null 'I-" 

max block size max block size, 8000, null = -1 

Line 2-N*: 
as needed 

FIGURE 11 (a) . VOLUME HEADER FILE 

header id must be "CAL1" 
station or array name use ISC code, eg, NB2 

channel id do not use 
SZ, 12, In, etc., null = "-" 

system type SRO, CS-13, etc., null = "-" 
response type response type "PAZ" or "FAP", 

null .; "-v 

number of poles 

Line 3 to N: 

Line N+1: 
number of zeros 

Line N+2 to M: 
M=N+l+nzero 

Line > M: as needed 

Line 3 to N: 

Line > N: as needed additional explanatory 
information as needed 

FIGURE l l ( b ) .  CALIBRATION SECTION 



FIGURE l l ( c ) :  WAVEFORM IDENTIFICATION SECTION 

i 

t 

P o s i t i o n  

Line  1: 
1 - 4  
6-13 

15-16 
18-19 
21-22 
24-26 
28-35 
37-42 
44-51 
53-54 
56-66 

68-73 
75-80 

Line  2: 
81-89 

91-97 
99-107 

109-117 

119-127 

129-137 

139-145 

147-153 

155-160 

Line  3 ,4  : 
161-320 

i L i n e ( s ) > 4 :  

F i e l d  

1 
2 

3 
4 
5 
6 
7 
8 
9 
10  
11 

1 2  
1 3  

1 

2 
3 

4 

5 

6 

7 

8 

9 

- 

- 

Name 

header  i d  
segment s t a r t  d a t e  

s t a r t  hours  
s t a r t  minu tes  
s t a r t  seconds  
s t a r t  m i l l i s e c o n d s  
number of samples  
s t a t i o n  name/channel 
channe l  i d  
channe l  
sample r a t e  

sys tem t y p e  
d a t a  format  t y p e  

c a l i b r a t i o n  ( g a i n )  

c a l i b r a t i o n  p e r i o d  
s t a t i o n  l a t i t u d e  

s t a t i o n  l o n g i t u d e  

s t a t i o n  e l e v a t i o n  

dep th  of s e n s o r  
benea th  s u r f a c e  

beam azimuth 

beam s lowness  

h o r i z o n t a l  
o r i e n t a t i o n  

channe l  i d ' s  of 
c o n t r i b u t i n g  beam 
e lements  

a s  needed 

Format 

a4 
18 

i 2 
i 2 
1 2  
1 3  
i 8 
a 6  
a8  
a 2 
f11.7  

a 6 
a6  

£9 .6  

£7.4 
f 9 . 4  

f 9 . 4  

f 9 . 4  

f 9 . 4  

f 7 . 2  

f 7 . 2  

f 6 . 1  

a 

a 

D e s c r i p t i o n  

must b e  "WID1" 
yyyyddd, e g ,  "1984045", rt 
j u s t i f i e d  
y e a r  * 1000 + day-of-year 
hh 
m 
SS 
nnn 
nnnnnnnn 
u s e  ISC code,  eg, NB2 
do n o t  u s e  
s z ,  1 2 ,  I n ,  etc,  n u l l  = "-" 
samples p e r  second  
SRO, GS-13, etc,  n u l l  = "-" 
"INTX" o r  "FLTX" where X i s  
t h e  wid th  of t h e  d a t a  f i e l d  
o r  "Vqq f o r  v a r i a b l e  

nm p e r  d i g i t a l  count  a t  
c a l i b r a t i o n  p e r i o d ,  null=O 
i n  seconds ,  n u l l = - l  
decimal  d e g r e e s ,  north>O, 
null=-999 
dec imal  d e g r e e s ,  e a s t  > 0, 
null=-999 
km above sea l e v e l  > 0, 
nul l=-999 
km > 0, nul l=-999 

d e g r e e s  measured c lockwise  
f rom n o r t h ,  n u l l = - l  

seconds  p e r  k i l o m e t e r ,  
n u l l = - l  
o r i e n t a t i o n  of  h o r i z o n t a l  
s e n s o r s ,  measured c lockwise  
from n o r t h ,  n u l l = - l  

10 15 ,  e tc ,  o r  w i t h  we igh t s  
& t i m e  d e l a y s :  
10  WGT1. TD1.32 1 5  WGT.9 
TD. 76 

any t e x t  



WIDL 1991150 1 3  28 25 0 3900 EKA =SUM sz 20.0000000 EXADSP INT 
0.072300 1 .0000 55 -3332 -3 . l588 356.0000 -999.0000 -1.00 -1.00 - 

D AT1 

FIGURE 1 2 .  EXAMPLE EKA WAVEFORM DATA FILE FROM GSETT-2 EXPERIMENT 

4 0  
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APPENDIX A 

TERMS OF REFERENCE OF THE AHGSE 

O r i a i n a l  T e r m s  of Reference 41976) 

"For t h e  purpose  of c a r r y i n g  o u t  t h i s  i n v e s t i g a t i o n  t h e  Group shou ld  
s p e c i f y  t h e  c h a r a c t e r i s t i c s  of an  i n t e r n a t i o n a l  moni to r ing  sys tem i n t e r  a l i a  
i n c l u d i n g  : 

(1) A g l o b a l  network of s e i smo log i ca l  s t a t i o n s ,  s e l e c t e d  from e x i s t i n g  
and planned i n s t a l l a t i o n s ;  

( 2 )  Data r e q u i r e d  from t h e  s t a t i o n s  t o  f a c i l i t a t e  t h e  a n a l y s i s  f o r  
d e t e c t i n g ,  l o c a t i n g  and i d e n t i f y i n g  seismic even t s ;  

( 3 )  Transmiss ion f a c i l i t i e s  f o r  t h e  t i m e l y  exchange of d a t a  between 
s e i smo log i ca l  s t a t i o n s  and d a t a  c e n t r e s ;  

( 4  ) F a c i l i t i e s ,  p rocedures  and r e l a t e d  f i n a n c i a l  i m p l i c a t i o n s  wi th  
r e s p e c t  t o  c o n t r i b u t i n g  and r e c e i v i n g  c e n t r e s  f o r  d e t e c t i n g ,  l o c a t i n g  
and i d e n t i f y i n g  s e i smic  even t s  throughout  t h e  world and f a c i l i t a t i n g  
t h e  c o l l a t i o n  and d i s semina t ion  of  r e l e v a n t  documentation: 

(5) The c o s t s  which would be i n c u r r e d  i f  an  i n t e r n a t i o n a l  moni to r ing  
sys tem were e s t a b l i s h e d .  

I n  a d d i t i o n  t o  t h e  items l i s t e d  above, t h e  Group would endeavour t o  
e s t i m a t e  t h e  d e t e c t i o n  and i d e n t i f i c a t i o n  c a p a b i l i t y  of  such an 
i n t e r n a t i o n a l  co-opera t ive  system. The estimates would be on t h e  b a s i s  of 
a v a i l a b l e  d a t a  o r ,  where d e s i r a b l e  and f e a s i b l e ,  a l s o  on t h e  b a s i s  of  d a t a  
ob t a ined  from exper imenta l  e x e r c i s e s  i nvo lv ing  t h e  whole o r  p a r t  of t h e  
s p e c i f i e d  g l o b a l  network. The Group should  no t ,  however, assess t h e  
adequacy of such a  system f o r  v e r i f y i n g  a  comprehensive tes t  ban.  Rather  
it should  p rov ide  f a c t u a l  r e s u l t s  of i t s  a n a l y s i s  f o r  t h e  b e n e f i t  of 
Governments t o  a s s i s t  them i n  making such an  assessment  and i n  d i r e c t i n g  
f u t u r e  r e s e a r c h .  The r e s p o n s i b i l i t y  of t h e  Group would be p u r e l y  
s c i e n t i f i c .  

Revised Terms of Reference (1979) 

"1. Recognising t h e  va luab l e  and impor tan t  work c a r r i e d  o u t  by t h e  Ad Hoc 
Group i n  e l a b o r a t i n g  i n s t r u c t i o n s  and s p e c i f i c a t i o n s  f o r  I n t e r n a t i o n a l  Co- 
o p e r a t i v e  Measures t o  De tec t  and I d e n t i f y  Seismic  Events ,  as p r e s e n t e d  t o  
t h e  CD i n  i t s  r e p o r t  of J u l y  1979, t h e  CD dec ide s  t h a t  t h e  Ad Hoc Group 
shou ld  con t inue  i t s  work on such measures, which might be e s t a b l i s h e d  i n  t h e  
f u t u r e  f o r  t h e  i n t e r n a t i o n a l  exchange of s e i smo log i ca l  d a t a  under a  t r e a t y  
p r o h i b i t i n g  n u c l e a r  weapon tes ts  cover ing  nuc l ea r  e x p l o s i o n s  f o r  p e a c e f u l  
purposes  i n  a  p r o t o c o l  which would be an i n t e g r a l  p a r t  of t h e  t r e a t y .  

2 .  T h i s  work should ,  i n t e r  a l i a ,  i nc lude :  

- f u r t h e r  e l a b o r a t i o n ,  wi th  t h e  second r e p o r t  of t h e  Group a s  a  b a s i s ,  
of d e t a i l e d  i n s t r u c t i o n s  f o r  an exper imenta l  tes t  of  t h e  g l o b a l  system 
f o r  i n t e r n a t i o n a l  co-opera t ive  measures t o  detect and i d e n t i f y  s e i smic  
even t  S;  

- f u r t h e r  development of t h e  s c i e n t i f i c  and t e c h n i c a l  a s p e c t s  of  t h e  
g l o b a l  system; 

- co-opera t ion  i n  t h e  review and a n a l y s i s  of  n a t i o n a l  i n v e s t i g a t i o n s  i n t o  
r e l e v a n t  m a t t e r s  such a s :  

- t h e  c o n d i t i o n s  f o r  u s ing  t h e  World Me teo ro log i ca l  Organ i s a t i on  
(WMO) Global  Telecommunication System (GTS) f o r  s e i s m i c  d a t a  
exchange; 



- procedures to obtain desired data at individual stations under a 
range of conditions; 

- the analysis and data handling procedures at the envisaged data 
centres; and 

- methods of rapid exchange of waveform data. 

3. The organisation and procedures of work of the Group should remain the 
same as defined by the decision of the CCD on 22 July 1976 and maintained 
by the Committee on Disarmament by its decision of 15 February 1979. The 
Ad Hoc Group will hold its first meeting under its new mandate late in 
January or early in February 1980. 

4. The Committee on Disarmament invites WMO to continue its co-operation 
with the Ad Hoc Group". 



APPENDIX B 

DATA PROPOSED TO BE EXCHANGED AT LEVEL 1 
(SHORT PERIOD INSTRUMENTS) 

V * The A,, = l 2  ... 4 correspond to maximum amplitudes in the intervals 0-6 
seconds, 6-12 seconds, 12-18 seconds and 18-300 seconds after P-wave arrival, 
respectively. 

Volume of 
Data 

(Computer 
Words ) 

3 
1 

4 

Short period Parameters 
(Body waves-Vertical Component) 

a) Standard Parameters - All stations 
1. Arrival time 
2. First motion sign and clarity 

(if possible) 
3. *Amplitudes A, (i==l, ... 4) 
4. *Arrival times corresponding to 

7. Phase description, 

Arrival time 
of secondary phases, e.g 
S, PcP, PP, . . . the number 
(reported when possible) 

8. Complexity (digital station only) 
9. Spectral moment, ratio or vector 

(digital stations only) 

atitude and longitude 
ime at focus 

Unit 
o f 

Measurement 

hour, min, s 

M 

Precision 
o f 

Measurement 

0,l S 

0,l nm 



APPENDIX B (continued) 

DATA PROPOSED TO BE EXCHANGED AT LEVEL 1 
(LONG PERIOD AND BROAD-BAND INSTRUMENTS) 

Long Period Parameters 

a) Standard Parameters - All Stations 
(i) Bodv-waves 

(Vertical and horizontal 
components) 

1. Arrival time 
2. Maximum amplitude L, 
3. Arrival time of h,, 
4. Period corresponding to A,,, 
5. Noise amplitude A, 
6. Period corresponding to A, 
7. Phase identification, 

amplitudes, arrival times 
and periods for additional 
phases, eg, ScS, etc. 
(reported when possible) 

(ii) Surface waves 
(Rayleigh-vertical and Love- 
horizontal) 

8. Arrival time 
9. Maximum amplitude A,,, 
10. Arrival time of h,, 
11. Period corresponding to h,, 
12. Maximum amplitudes for 

periods 10, 20, 30, 40 S 
13. Arrival times of maximum 

amplitudes at 10, 20, 30, 40 

14. Noise amplitude A, 
15. Period corresponding to A, 
lG..Association to short period 

detection (if possible) 

b) Additional Standard 
Parameters - -vs Onlv 

Unit of 
Measurement 

Precision 
of 

Measurement 

Volume of 
Data 

(Computer 
Words) 



APPENDIX C 

CCITT PROTOCOLS IMPLEMENTED IN SUNLINK X.25 SOFTWARE 

To facilitate data communications between computers, methods for the 
handling of data transmission have to be specified. This involves defining 
various llprotocolsll for the different levels of interaction and issuing 
these as "standards". These standards (or nrecommendations") specify the 
type of physical link to be employed and the way in which the data should 
be formatted for transmission across that link. 

The International Standards Organisation (ISO) produced a seven layer 
model for Open Systems Interconnection (OSI) which is a basis for all 
communications recommendations. The seven layers are generalised below: 

Layer 7 = Application 

Layer 6 = Presentation 

Layer 5 - Session 
Layer 4 - Transport 
Layer 3 - Network (eg, Packet Switched Network) 
Layer 2 = Data Link (LAPB/HDLC) (Frame) 

Layer 1 = Physical 

The X.25 protocol addresses layer 3 but any functions using layers 
above must have further protocols implemented. (X.400 addresses Layer 7). 

Packet switching is an efficient means of computer-to-computer data 
transfer involving division of the data into blocks or "packets" with an 
identification tag on each packet which ensures its arrival at the intended 
destination. The packets from one file may become multiplexed (alternated) 
with many thousands of other packets over its transmission path but they 
will all be brought together at the final destination by the switching 
process. This type of data transmission is termed "time division 
multiplexing". 

REFERENCE 

International Telecommunications Union, CCITT Red Book, Volume VIII, 
Fascicles V111 . 2 ,  V111 . 3 ,  V111 .5, and V111 .7. "Data Communications Networks1'. 



Recommendation X.25 

X.25 d e f i n e s  how d a t a  t e r m i n a l  equipment  (DTE) i n t e r f a c e s  t o  d a t a  
c i r c u i t  t e r m i n a t i n g  equipment  (DCE) i n  t h e  p a c k e t  mode on  p u b l i c  n e t w o r k s .  

The re  are t h r e e  l e v e l s  of  t h e  X.25 p r o t o c o l :  

L e v e l  3 - P a c k e t  Level  

P r o v i d e s  a d d r e s s i n g  o f  DTEs and m u l t i p l e x i n g  of  f u l l y  r e l i a b l e  end- to-  
e n d  c i r c u i t s .  

L e v e l  2 - Frame Leve l  

Al lows e i t h e r  Link Access  P r o c e d u r e s  (LAP) o r  L ink  Access  P r o c e d u r e s  
(Ba lanced)  (LAPB) t o  b e  used  f o r  i n t e r c h a n g e  o f  d a t a  be tween DTE and  
DCE. LAP or  LAPB are s u b s e t s  o f  High L e v e l  Da ta  L ink  C o n t r o l  (HDLC). 
[SunLink X.25 u s e s  LAPB and  d u p l e x  HDLC]. 

L e v e l  1 - P h y s i c a l  L e v e l  

Two p o s s i b l e  a l t e r n a t i v e s  X .  2 1  and  X .  2 l b i s .  X .  2 1  i s  a n  e l e c t r i c a l  a n d  
s i g n a l l i n g  method which s u p p o r t s  more f l e x i b l e  i n f o r m a t i o n  exchange  b u t  
h a s  n o t  g a i n e d  f u l l  s u p p o r t  of  t h e  communicat ions i n d u s t r y .  X . 2 l b i s  
d e f i n e s  how V .  24 o r  RS232C can  s u b s t i t u t e  f o r  X.21. [SunLink X.25 u s e s  
X . 2 l b i s I  . 
I n  t h e  SunLink package ,  t h e  X.25 s e r v i c e  i s  a c c e s s e d  t h r o u g h  t h e  U N I X  

4.2BSD s o c k e t  mechanism by o r d i n a r y  u s e r  p r o c e s s e s .  The package  a l s o  
implements  t h e  X.29/X.3 Recommendations. 

Recommendation X.28 

The DTE/DCE i n t e r f a c e  f o r  a s t a r t - s t o p  mode d a t a  t e r m i n a l  equipment  
a c c e s s i n g  t h e  PAD i n  a  p u b l i c  d a t a  network s i t u a t e d  i n  t h e  same c o u n t r y .  
PAD p a r a m e t e r s  d e f i n e d  i n  X.3 a r e  g i v e n .  

Recommendation X.29 

D e f i n e s  p r o c e d u r e s  f o r  exchange  o f  c o n t r o l  i n f o r m a t i o n  a n d  u s e r  d a t a  
between p a c k e t  mode t e r m i n a l  and PAD ( P a c k e t  Assembler  D i s a s s e m b l e r ) .  



Recommendation X.3 

Defines t h e  PAD f a c i l i t y  i n  a  publ ic  da ta  network. 

PAD Parameters: 

Parameter Description CCITT Standard Value 

1 PAD r e c a l l  using a  charac ter  1 (poss ib le )  

2  Echo 1 (echo) 

3 Selec t ion  of da ta  forwarding 126 ( a l l  chars+DEL) 
s i g n a l  

4 Se lec t ion  of i d l e  t imer delay 0 (no t i m e o u t )  

5 Ancil lary device cont ro l  1 (uses XON/XOFF) 

Control of PAD serv ice  s igna l s  1 

Action of PAD on rece ip t  of 
"break" s igna l  

Discard output 0 

Padding a f t e r  ca r r i age  r e tu rn  (CR)  0 

Line fo ld ing  0 

Binary speed of s t a r t - s t o p  mode 

Flow con t ro l  of PAD by s t a r t - s t o p  1 
mode DTE 

Linefeed i n s e r t i o n  a f t e r  ca r r i age  0 
r e t u r n  

Linefeed padding 0 

Edi t ing  0 

Character d e l e t e  

Line d e l e t e  

Line d isp lay  

1 9  Edi t ing  PAD se rv ice  s igna l s  

20 Echo mask 

21 P a r i t y  treatment 

22 Page wait 

( s i g n a l s  s e n t )  

( r e s e t )  

(normal da ta  
de l ive ry )  

(no padding) 

(no fo ld ing  ) ,  

Speed of DTE 

(use of XON/XOFF) 

(no LF i n s e r t i o n )  

(no padding) 

(no e d i t i n g )  

(char  7/15 DEL) 

(char  1 / 8  CAN) 

(char  1/2 D C 2 )  

1 ( e d i t )  

0 (echo a l l )  

0 (no p a r i t y  
de tec t ion  o r  
genera t ion)  

0 (d isabled)  

X . 2 9  a c t s  a s  a  packet assembler/disassembler which passes cha rac te r  
streams between an appl ica t ion  program layered above X.29 and t h e  X.25 
protocol  layered  beneath. I t  a l s o  d e t e c t s  and communicates any changes i n  
t h e  host te rminals  c h a r a c t e r i s t i c s  (defined by t h e  X . 3  parameter s e t )  t o  t h e  
remote end. 



APPENDIX D 

OVERVIEW OF U N I X  

An o p e r a t i n g  sys t em c o n t r o l s  t h e  way i n  which a computer  e x e c u t e s  t h e  
a p p l i c a t i o n s  s o f t w a r e  f o r  a u s e r .  

The U N I X  o p e r a t i n g  s y s t e m  was i n i t i a l l y  d e v e l o p e d  b y  t h e  Computing 
S c i e n c e  Resea rch  Group a t  B e l l  L a b o r a t o r i e s ,  New J e r s e y ,  USA d u r i n g  t h e  l a t e  
1960' s / e a r l y  1 9 7 0 ' s .  The o b j e c t i v e  was t o  d e s i g n  a n  o p e r a t i n g  s y s t e m  t o  
f a c i l i t a t e  e f f e c t i v e  programming r e s e a r c h .  

Dennis  R i t c h i e  and  Ken Thompson w r o t e  a U N I X  k e r n e l  i n  C i n  1973,  which 
b r o k e  w i t h  t h e  t r a d i t i o n  t h a t  a n  o p e r a t i n g  s y s t e m  s h o u l d  be w r i t t e n  i n  a 
l o w - l e v e l  a s s e m b l e r  l a n g u a g e .  By w r i t i n g  UNIX i n  C, t h e  a u t h o r s  had  
p roduced  a f l e x i b l e  and  p o r t a b l e  o p e r a t i n g  s y s t e m  which was n o t  dependan t  
on t h e  envi ronment  i n  which it was deve loped .  

There  are t h r e e  main p a r t s  t o  t h e  U N I X  o p e r a t i n g  sys t em:  

t h e  k e r n e l '  - 
manages t h e  r e s o u r c e s  of  t h e  computer  s u c h  as memory, d i s c s ,  t a p e  
d r i v e s ,  p r i n t e r s ,  e t c .  

t h e  f i l e  sys t em - 
t h e  o r g a n i s i n g  s t r u c t u r e  f o r  d a t a  s t o r a g e  

t h e  s h e l l  - 
t h e  command i n t e r p r e t e r  which t r a n s l a t e s  t h e  u s e r  r e q u e s t s  f o r  s y s t e m  
a c t i o n .  

U N I X  i s  a n  i n t e r a c t i v e  o p e r a t i n g  sys tem,  a l l o w i n g  u s e r  commands t o  be 
re sponded  t o  immedia t e ly .  U N I X  i s  a  m u l t i - t a s k i n g  o p e r a t i n g  s y s t e m  which 
c a n  p e r f o r m  s e v e r a l  p r o c e s s e s  a t  t h e  same t i m e ,  and  it i s  a l s o  a m u l t i - u s e r  
s y s t e m  which a l l o w s  more t h a n  one  p e r s o n  t o  u s e  t h e  s y s t e m  a t  t h e  same t i m e .  

U N I X  u s e s  a " h i e r a r c h i c a l "  f i l e  sys t em o r  t r e e - s t r u c t u r e d  f i l e  s y s t e m  
which i n v o l v e s  l a b e l l i n g  some f i l e s  a s  d i r e c t o r i e s  which c o n t a i n  l i s t s  of  
f i l e  names and s i g n p o s t s  t o  where t h e  f i l e s  a r e  s t o r e d .  

U N I X  h a s  many u t i l i t i e s  o r  " t o o l s "  f o r  s p e c i f i c  u s e r  a p p l i c a t i o n s  such  
a s  t e x t  m a n i p u l a t i o n ,  document f o r m a t t i n g ,  program c o m p i l a t i o n  ( i n  C, BASIC, 
P a s c a l  and  FORTRAN) and  a l s o  f o r  sys t em a d m i n i s t r a t i o n  a p p l i c a t i o n s  s u c h  as 
m o n i t o r i n g  d i s c  u s a g e .  

The re  a r e  s e v e r a l  v e r s i o n s  of  U N I X  which d i f f e r  s l i g h t l y  a l t h o u g h  t h e  
main c o r e  i s  t h e  same f o r  a l l .  A U N I X  v e r s i o n  f o r  t h e  DEC VAX computers  i s  
U N I X  V 3 2 .  Another  U N I X  v e r s i o n  i s  t h a t  which was d e v e l o p e d  a t  t h e  
U n i v e r s i t y  o f  C a l i f o r n i a  a t  B e r k e l e y  c a l l e d  B e r k e l e y  U N I X ,  The U N I X  4 . 2  BSD 
( B e r k e l e y  S t a n d a r d  D i s t r i b u t i o n )  which t h e  Sun 3/160 r u n s  i s  a B e r k e l e y  

U N I X .  

REFERENCE 

" I n t r o d u c i n g  t h e  U N I X  System".  McGil ton & Morgan. McGraw-Hill, ( 1 9 8 3 ) .  



APPENDIX E 

WAVEFORM DATA FILE FORMATS FOR DIFFERENT MEDIA 

(a) For files on disc: 

one end of file marker (EOF) is required at the end of a disc 
file 

(ii) the files may contain Carriage Returns (CR), Line Feeds (LF) 
or End of Line (EOL) characters according to the requirements 
of the operating system 

(iii) file names should include the IS0 3 letter country code. 

CALIBRATION SECTION 

WAVEFORM IDENTIFICATION SECTION 

CALIBRATION SECTION 

WAVEFORM IDENTIFICATION SECTION 

DATA SECTION 



APPENDIX E ( c o n t i n u e d )  

(b) For  f i l e s  on magnet ic  t a p e :  

(i) t h e r e  s h o u l d  b e  no CR, LF o r  EOL c h a r a c t e r s  b u t  I n t e r  
Record Gaps ( I R G s )  may b e  u s e d  

(ii) f i l e s  must b e  m u l t i p l e s  of  80 c h a r a c t e r s  

(iii) t h e  maximum b l o c k  s i z e  i s  8000 c h a r a c t e r s  

( i v )  two EOFs are r e q u i r e d  a t  t h e  end  o f  a f i l e  b u t  s e c t i o n s  
such as  volume header  and  each  c h a n n e l ' s  d a t a  s h o u l d  b e  
s e p a r a t e d  by one EOF 

-8 

VOLUME HEADER 

EOF 

Channel 1 

CALIBRATION SECTION 

WAVEFORM IDENTIFICATION SECTION 

DATA SECTION 

EOF 

Channel 2 

CALIBRATION SECTION 

WAVEFORM IDENTIFICATION SECTION 



APPENDIX E ( c o n t i n u e d )  

( C )  For WMO/GTS t r a n s m i s s i o n :  

(i) same a s  format  f o r  d i s c  b u t  w i t h  c o r r e c t  WMO/GTS 
t r a n s m i s s i o n  header  

(ii) end f i l e  w i t h  NNNN 

(iii) t h e  t o t a l  number o f  c h a r a c t e r s  i n  t h e  message f i l e  must 
n o t  exceed  a  v a l u e  a g r e e d  upon w i t h  WMO 

Channel 1 

CALIBRATION SECTION 

WAVEFORM IDENTIFICATION SECTION 

CALIBRATION SECTION 

WAVEFORM IDENTIFICATION SECTION 

NNNN 
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