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ABSTRACT 

Through t h e  years,  t h e  amount  of PTTI da t a  col lected by, dissemi- 
nated through and utilized a t  t h e  U. S. Naval Observatory has 
s teadi ly grown. Approximately 10 years  ago, t h e  USNO began 
computerizing col lect ion and reduction of t he se  data .  A t  t h a t  t i m e  
this process was  au toma ted  a s  much as possible, given the  technical  
cons t ra in ts  involved. In t h e  last  few years, t h e  advent  of more  
sophist icated equipment  and techniques has improved and fur ther  
au tomated  da t a  handling. Not only has da t a  collection been 
modernized, bu t  new sys tems for  disseminating da ta ,  bulletins, and 
o ther  information have been introduced and a r e  being developed. 
This paper is an overview of t he  development  of au toma ted  PTTI 
da t a  handling a t  t h e  Naval Observatory,  generally describes t h e  
cur ren t  d a t a  handling prac t ices ,  and briefly discusses near  fu tu re  
t rends  in t h e  management  of da ta ,  

INTRODUCTION 

The  mission of  t he  United S t a t e s  Naval Observatory (USNO), requires  t h e  de termina t ion  and 
dissemination of uniform clock and astronomical  t i m e  t o  "United S t a t e s  Naval vessels and 
a i r c r a f t  as well a s  t o  all availing themselves  therof"  (SecNav Not ice  5450). This mission 
s t a t e m e n t ,  coupled with DoD Direc t ive  5160.51 of 31 August 1971, which requires  t h e  Naval  
Observatory to  supply t raceabi l i ty  t o  t h e  Master  Clock for  all DoD t ime,  defines t h e  primary 
funct ion of t h e  USNO T i m e  Serv ice  Division. T h e  T ime  Serv ice  must  not only de t e rmine  
a c c u r a t e  t ime,  but  disseminate t h e  information quickly and eff icient ly,  and provide t h e  Master  
clock t i m e  t o  those  with t iming requirements .  

To  ca r ry  out  i t s  mission, T ime  Serv ice  receives,  disseminates ,  and ut i l izes  PTTI and E a r t h  
Rota t ion  da t a  f r o m  sources  loca ted  throughout  t h e  world. These sources  include national and 
internat ional  laboratories ,  DoD field installations, and observatories  which maintain t i m e  
standards,  make  measurements  of sys t ems  capable of being used for  t ime  synchronization, 
and/or  make  observat ions for  Astronomical  t i m e  and la t i tude  data .  The  types of da t a  handled 
a r e  a s  varied a s  t h e  sources. These  d a t a  include OMEGA and LORAN-C measurements ,  e a r t h  
ro ta t ion  observations, navigation and communicat ion sa t e l l i t e  timing information,  portable 
clock t r ip  results,  and much more. Over  t h e  las t  decade,  t h e  amount  and f requency  of d a t a  
col lected and disseminated has grown steadi ly,  and, a t  t imes ,  even dramatical ly.  To  process t h e  
cons tan t  influx and growth of t iming information,  t h e  T ime  Service has au toma ted  t o  a g r e a t  
ex t en t ,  and continues t o  update,  t h e  da t a  collection, dissemination, and analysis techniques. 
This process is aided by advancements  in computer  technology, by t h e  addition of new modes of 
col lect ing information and by t h e  use o f  s t a t i s t i ca l  so f tware  t o  assist in t h e  analysis of data .  
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Types of Data 

As mentioned above, the  types of data  collected and analyzed by the  Time Service Division in 
fu, lf i l lment of i ts  mission are  quite varied. Not only do the  data from local sources, such a 
USNO clocks and telescopes have to  be retrieved, but data of all kinds from remote sources 
must be collected and processed a s  well. Figure 1 lists the  various types of data which a re  
collected and maintained in databases whose integrity must be ensured. 

The astronomical databases contain astronomical t ime and polar motion information from the  
optical Photographic Zenith Tubes (PZT) and the  Connected Element Radio Interferometer 
which are  run by the  Naval Observatory. However, these data  only comprise a part  of the  Earth 
Orientation data utilized by the  Naval Observatory. Polar Motion data  from the Doppler 
Navigation Satellites and from satell i te laser ranging programs run by the  University of Texas 
are  collected regularly. Very Long Baseline Interferometry ear th  orientation data from both 
the  Polaris project of the  National Geodetic Survey and the  TEMPO project of the  J e t  
Propulsion Laboratory contribute to  the  ear th  orientation database. All of these are  analyzed 
and utilized for ear th  orientation production and research. Both t h e  preliminary (Rapid Service) 
and the final (Circular D) international ear th  orientation parameters, as determined by the  
Bureau International de 1'Heure (BIH), are  included in the  data collected into the  databases. 

Data which are used for determining remote  t ime scales, timing LORAN-C chains, and/or 
satel l i te t ime transfer information are  all maintained in machine readable form. L-ORAN-C, 
OMEGA, TRANSIT and GPS data are  monitored by the  USNO, and by international laboratories 
and DoD field sites. Figure 2 is a list of some of the  LORAN-C chains and where they a re  
monitored. Time transfers from Defense Satellite Communications System (DSCS) a re  
available, and used to calibrate other systems as well a s  maintain DSCS synchronization with 
the  USNO master clock. I t  is with these systems that  traceability back to  the  Master Clock can 
be realized. 

Local timescale data a re  kept on a separate database. The hourly readings of the  clocks a re  
used to maintain t h e  local timescales, and to  s teer  the  master clock. Portable clock data  a re  
also collected and stored with local timescale data. Since the  portable clocks a re  very 
important for ensuring tha t  remote t ime scales a re  remaining on time, this asptxt  of the  
database is also very important. An historical file of measurements obtained during portable 
clock trips is maintained. The local clock measurements are  not only used to  formulate USNO 
time scales, but are  also transmitted to  the  BIH for use in the  formation of International 
Atomic Time (TAI). Presently USNO is a major contributor to  TAT. 

Collection of Data 

Prior to the  1970s, the data  collected by the  Observatory were all logged manually. These 
included PZT measures, OMEGA and VLF readings, and local clock comparisons. Initially, only 
locally monitored t ime pulses from LORAN-C, and OMEGA, were available to  the  USNO. 
However, i t  was soon evident tha t  remote  LORAN-C chains should also be monitored in order 
that  t ime a t  wherever there were chains available could be traced back t o  the  Master Clock. 
This was accomplished by establishing Precise Time Reference Stations (PTRS), laborfitories and 
Observatories which maintain one or more clocks coordinated with the  USNO master clock. 
Many of these could monitor LORAN chains lacally and send the  information to  Time Service 
via TWX, mail or telephone messages. To further assist in the  timing of remote  LORAN chains, 
t ime transfers received from DSCS terminals also began to  be to  be utilized for this purpose. 1 



The arr ival  of an I B M  1800 D a t a  Acquisition and Control  Sys tem (DACS) (pictured in figure 3) in 
t h e  early sevent ies  enabled local clock da t a  to be col lected more  eccura te ly  and more  
frequently.  The  TBM 1800 began col lect ing clock comparisons hourly and regularly monitored 
t h e  local t i m e  scales. The  f requency  of col lect ion had a beneficial e f f e c t  on t h e  accuracy  of  
t h e  t i m e  scales. The DACS was soon also being utilized t o  control  t h e  PZT and co l lec t  t h e  
timing t icks  fo r  each  observation. The  IBM 1800 would t r igger  t h e  shu t t e r  of t h e  PZT a t  a given 
computed t ime  with f a r  more  precision than a human observer.  I t  could also "observett  on 
cloudy nights, which mean t  t ha t ,  if t h e  clouds broke in t h e  early morning, i t  was possible t o  
re t r ieve  da t a  from t h e  nights observation. As with t he  clocks, t he  increased amounts  of da t a  
added weight to  USNO t i m e  and polar motion determinat ions.  

The amounts  o f  externa l  da t a  being col lected by the  Observatory grew a s  r e m o t e  chains and 
PTRSs were  addcd. The  da ta  were  en tered  into t h e  computer  on punched cards  which, a t  t h e  
s t a r t ,  were punched manually from t h e  TWX messages, te lephone messages, and da t a  received 
via US mail. Jt very quickly became  impract ical  t o  process and manipulate  t he se  d a t a  hy hand. 

Approximately ten  years  ago, t h e  decision was made  t o  au toma te ,  a s  much as possible, t h e  da t a  
handling f o r  t h e  timing of L O R A N  chains, and any o ther  applicable PTTI function.2 Utilizing 
equipment  and technology avai lable in Time Service a t  t h a t  t ime,  (a TWX t h a t  punched paper 
tape ,  and t h e  IBM 1800 DAOS), a sys tem was s e t  up whereby da t a  s en t  f rom t h e  field via TWX 
would no longer have t o  be  manually entered.  A standard fo rma t  f o r  TWX PTTI input was 
devised which allowed t h e  1800 t o  so r t  through t h e  messages on t h e  t a p e  and t o  l oca t e  t h e  
necessary data .  These da t a  were  then punched onto cards  in t h e  co r r ec t  fo rma t  for  t h e  
da tabase  on t h e  mainf rame computer .  This sys tem was originally used fo r  DSCS data ,  but  was  
snnri expanded to  ~ n c l u d e  o ther  types of da ta ,  such a s  LORAN-C readings, TRANSIT sa t e l l i t e  
t iming da ta ,  and photographic zeni th  tube  (PZT) resul ts  f rom the  T ime  Serv ice  substat ion near  
Miami, Florida. 

By the l a t e  seventies ,  it was evident t h a t  t h e  D a t a  Acquisition needs o f  t h e  T ime  Service were  
beginning t o  outrun t h e  current ly available DACS. The  daily paper  t a p e  f rom t h e  TWX was 
ge t t ing  longer a s  more d a t a  were  s en t ,  and t h e  IBM 1800 was taking longer t o  read it. C a r d s  
were  s ta r t ing  t o  jam in t h e  1800 with increasing regularity, and t h e  number of s e rv i ce  cal ls  was 
growing. The types  of da t a  being sen t  were  becoming more  diversified. New technology was, of  
course, available, and by 1981, t h e  IBM 1800 had been replaced by newer, fas te r ,  more  
complex, machines. 

The functions r ~ f  t h e  IBM 18U0 were taken  over by an I R M  SERIES/] (f igure 4) and an HPlOOO 
(f iqure 5 ) .  The f a r  more sophist icated capabil i t ies  of t t ~ e s e  two machines opened new methods  
of da t a  cnllection and da t a  handling. 

'The SEI-IlES/l is t h e  primary DACS for  local clock comparison collection and t i m e  sca l e  
monitoring. I t  is backed up i n  t h i s  funct ion by t h e  HPl  OnO. T h e  SERIES11 also co l lec ts  t h e  raw 
tirning da t a  from the  Global Positioning Sys tem (GPS) navigation sa te l l i t es  which the  
Observatory receives direct ly,  and continues t h e  role  of t h e  IBM 1800 in t h e  control  of t h e  PZT. 

The biP1000 is used t o  back up the  SERIES/l fo r  local clock collection. However, i t  also has a 
da t a  collection role  of i t s  own. It  co l lec ts  t h e  da t a  from t h e  au toma t i c  rece ivers  for  t h e  locally 
monitored ILORAN-C chains. I t  also receives daily the  clock comparison and LORAN-C da t a  
from the  new automat ic  da t a  col lect ion sys t ems  t h a t  t h e  USNO is installing in r e m o t e  field 
s i tes .  More information on these  sys tems may be  found in r e f e r ence  3. 

The  basic philosophy of da ta  col lect ion via T W X  has not changed with t h e  rep lacements  in da t a  
acquisition systems. The da t a  a r e  still processed through t h e  DACS. However, t h e  mode of 
ct?llectinn has changed d r a m ~ t i c a l l y  f rom t h e  paper  tape /  punched card  method. 
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Since the SERIES/l has no paper tape reader and no card punch, the basic automatic data 
handling process had to  change somewhat. A l ine was run f rom the Telex machine so that  a l l  
incoming messages could be read direct ly on to  a circular f i l e  on the SERIES/l. The PTTI data 
out,put f rom the TWX input was in i t ia l ly  carried t o  the mainframe computer via magnetic tape, 
but i t  now can be sent direct ly f rom the SERIES/l through a fiber optic l ine using remote job 
entry (RJE) software. The TWX f i le is also transferred daily t o  the HP1000. 

I n  themselves, these improvements are significant. However, as stated before, the new 
machines have opened up other avenues of  data manipulation. The TWX is no longer the sole 
source o f  remote machine readable data input. 

As i t  is important that  Time Service receive f ie ld  measurements as quickly as possible i n  order 
to best u t i l i ze them, outside contributors are encouraged to  send their  data by the swiftest 
means at  their  disposal, For a significant number o f  these, the TWX is the best method (and, 
indeed, it i s  very eff icient), Many contributors have only the mails or the telephone at their  
disposal. These are not as ef f ic ient as the mails take time, and a l l  the data must be handled 
manually. This, i n  turn, can also lead to errors. The Observatory now uses another method of 
obtaining machine readable t iming measurements - the General E lect r ic  MARK 111 international 
computer network 

Use of  the G.E. MARK 111 began for the Observatory wi th  The MERIT (Measuring of  Ear th  
Rotat ion and Intercomparing Techniques) campaign. A subsection or 'catalog' of the General 
E lect r ic  MARK I11 international computer network was created to enable laboratories and 
observatories a l l  over the world to  transmit and ut i l ize earth rotat ion data during the mini- 
campaign i n  1980. This catalog was so successful that  it was kept active af ter  the campaign. I n  
1982, Time Service became administrator of this catalog, and began t o  expand the catalog t o  
include di f ferent kinds of  t iming information. This catalog allows dissemination and ut i l izat ion 
of data w i th  laboratories that  are wi l l ing to  pay G.E. to  be part  of the service. Figure 6 is a l i s t  
of the current users of  the MARK 111 RC28 catalog. I n  terms of data collection, the Naval 
Observatory receives LORAN-C data f rom members of the catalog who previously sent the data 
via TWX or mail. GPS t iming information f rom other laboratories is also received i n  this 
manner. By  ut i l iz ing an automatic dialler and a modem, these data are transmitted direct ly 
into the IBM SERIESIl. 

Most of the databases are stored and manipulated on the USNO1s mainframe computer. A t  the 
start  of automatic data handling of  Time data, this computer was an IBM 760/4O (f igure 7). It 
ran i n  a batch mode, using punched cards or magnetic tape for input. About the same period 
that the IBM 1800 DACS was becoming obsolete, the computing needs of the Observatory as a 
whole began to  outrun the capabilit ies o f  the computer. I n  1980, the IRM 360 was replaced by 
an IBM 4341, shown i n  figure 8, which not only offers batch capabilit ies w i th  OS/MVT, but also 
offers an interact ive operating system. 

Dissemination of Data 

U p  unt i l  very recently, almost the sole method of general data dissemination was via the U.S. 
mail. A few mi l i tary  users were authorized to  get PTTI  data via TWX daily, and, because of 
requirements for determining earth orientation on a quick turn around basis, the BIH received 
USNO data via TWX weekly, With the advent of the HPlOOO and the MARK 111, the mails are no 
longer the sole source of data dissemination. The weekly bulletins are available electronically, 
and transmission t o  the BIH no longer requires a TWX. 



The HPlOOO has also been set up as an Automat ic  Da ta  Service (ADS). This service, described 
more fu l l y  i n  reference 4, is a telephone service which al lows the outside user t o  connect t o  thp 
HPlOOO and ex t rac t  data and information. A 'mailbox' service also allows the input  of 
messages, data, or anything else a user would care t o  share w i t h  the  Nava l  Observatory. The 
addit ion o f  this service has al lowed a new method o f  disseminating information. Anyone w i t h  u 
modem and termina l  is  now nble t o  re t r ieve SERIES 4, SERIES 7, SERIES 17, GPS data, OMEGA 
data, LORAN informat ion,  status reports o f  various systems, and much more, Fiqure 3 stiows 
the Table o f  Codes which guide the  user t o  f i les which are of interest. The explanations contain 
other codes fo r  f i les which may be accessed. 

The G.E. M A R K  111 is also an e f f i c i en t  method o f  data disscrnination. When it was created i n  
1980, the  RC28 catalog's main  purpose was t o  a l low d a t ~  dissemination to  thp BI t I .  A f t e r  the  
mini-MERIT campaign, T ime  Service continued t o  send ear th  ro ta t i on  data t o  the  B IH  i n  this 
manner. The expansion o f  the  catalog, both i n  te rms of users and o f  data types, has meant t h a t  
internat ional  laboratories and observatories are now able t o  receive Bul let ins 4,7,and 17 f r o m  
T ime  Service much more quickly. Now, not  only do the  ear th  ro ta t ion  data go v ia th is method 
t o  the BIH, but  loca l  clock data, essenti,al for  determining T A I  are also sent via the M A R K  111. 
GPS data and USNO observing schedules are avai lable as well. 

In terna l  Transmissions 

The HP1000, I B M  SERIES/], IBM 4341 and the G. E. Mark  I11 do not  operate i n  a vacuum. As 
may be deduced f r o m  above, there must  be in terac t ion  between the machines i n  order t ha t  t he  
various types of data col lected and disseminated can be most e f f i c i en t l y  ut i l ized. There is, o f  
course, a " t rad i t iona l  method" of moving data between machines: via magnet ic  tape. However, 
i n  the case o f  the four  machines u t i l i zed fo r  t i m e  service purposes, magnet ic  tape is only a 
backup method o f  t ransferr ing data. There are d i rec t  communications l inks between the three 
on site machines and the M A R K  I11 is accessed d i rec t ly  through the SERIES11 via automat ic 
dialer. This conf igurat ion is  i l lus t ra ted i n  f igure 10. 

The SERIES/l is l inked t o  both the HPlOOO and the IRM 4343. This meens that  data f r o m  the 
SERIES/l, or the  4341, such as GPS, local  c lock intercornparisons. or Ea r th  ro ta t i on  data, may 
be sent t o  the HP1000, or  data f r o m  the HPlOOO may be sent t o  the SERIES/] and/or the 4341. 
I n  th is  way, calculat ions made. or bul let ins created on any of the machines may be made 
avai lable on the H P l 0 0 0  for  the public. 

The G. E. M A R K  I11 is accessed through a modem and automat ic dialer on the SERIES/J. This 
conf igurat ion al lows transmission t o  and recept ion f r o m  the  M A R K  I11 of  data fi les. which can 
then be sent wherever appropriate i n  the  T ime  Service network. 

Much o f  t he  data transmission is complet ly  automated throughout the  network. F o r  example, 
the SERIES/] telephones the M A R K  I I J  once a day and checks to  see whether there are any 
L O R A N - C  data. I f  there are, these data are appended t o  the  TWX f i l e  and are processed w i th  
the other data. The raw GPS data f r o m  the receivers is  col lected by the SERIES/] and sent 
t w i c e  a day to the  HP1000, where it is processed and put  i n to  f ina l  form. F ina l  GPS data is then 
automat ical ly  sent beck up t o  the SERIES/l where it is  stored un t i l  it is placed on the M A R K  
111. D a t a  f r o m  the automat ic systems are t ransmi t ted  t o  the  SERIES/l once a day, a f te r  being 
automat ical ly  col lected by the HP1000. These to ta l l y  automated transmissions mean that  fewer  
person hours have to  be spent i n  t ransmi t t ing  data f rom place t o  place, f reeing the  s ta f f  f o r  the 
analysis o f  the  data collected. 

Al though much o f  the transmission has been automated, it has not  a l l  been done by any means. 
There is automat ic transmission f r o m  the M A R K  111, fo r  example, bu t  none to  it. There are no 
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automatic transmissions to  and f rom the 4341, nor are a l l  transmissions between the SERIES/] 
and the HPl000 automated. However, even the 'manual' processes between the machines are 
expedited because of  the eff iciency and speed of  various links. 

Analysis and Ut i l izat ion 

The local and remote data collected by the Time Service are processed and analyzed for both 
production and research purposes. It is not the function of this paper t o  describe i n  great detai l  
the reduction techniques or stat ist ical  analyses that form the work of Time Service. However, 
a br ief  mention of some of the purposes of  the data handling techniques is pertinent. 

The earth orientation data are used to  determine as accurately as possible, UT1-UTC and polar 
motion, and to  predict  the position of the Ear th  i n  space w i t h  as small s standard deviation as 
possible. To do this, observations f rom many di f ferent techniques must be used. Analysis of 
these data is performed to determine the accuracy and precision of the observations, and how 
they may best be used for prediction purposes. 

For  t iming remote LORAN-C chains, data from many di f ferent sources are essential. With only 
occasional calibrations via portable clock measurements or DSCS transfers available for  these 
chains, intercomparison between systems is necessary to determine individual clock rates t o  
keep the chains steered as closely as possible wi th  1J.S. Naval Observatory master clock. Data 
not only f rom the chains themselves, but f rom laboratories, f ie ld  sites, or observatories which 
can monitor these chains are analyzed for  this purpose. 

These, and other projects o f  the Time Service Division cal l  for  large amounts of data. 
Statist ical analyses done w i th  either software packets such as BMDP, or by programs wr i t ten a t  
the Observatory, require as large a sample as can be ut i l ized i n  order t o  get an accurate picture 
of the data as possible. Much af the production work, as well, such as earth orientation 
predictions, or LORAN chain t iming end prediction, also require a large baseline of data. The 
numerous databases are required by T ime Service for both the production and analysis. 

The Near Future 

The network that has been developed between the I B M  SERIES/], HP1000, IBM 4341, and the G. 
E. MARK I11 has added much t o  the ef f ic iency of  processing and of dissemination of PTTI  and 
earth rotat ion data. However, improvements are continuing to be made. The amoun~ts of  data 
are s t i l l  increasing as automatic systems are installed, new LORAN chains are established, 
additional DSCS modems are fielded, and more GPS satellites are launched. This increasing 
data load means that  s t i l l  greater automation is required to  ensure that  the available manpower 
can ful ly u t i l i ze the vast amounts o f  data available. 

As int imated above, there are plans and ideas to  continue to  develop the automatic processing 
of data which pass through Time Service. Although some o f  these plans are just extremely 
tentative, others are very real  concepts. Projects which are being implemented include 
improvements and enhancements i n  a l l  aspects o f  data management i n  Time Service. 

Redesigning the database on the mainframe computer is one of  the realist ic near future goals of 
the Time Service. Currently the database exists on a batch mode operating system. Although 
this system is good, the 4341 has acquired an operating system which is interact ive i n  nature. 
By  changing the database so that it runs on this new system, the door is open t o  better u t i l i ze 
the capabilit ies of the 4341. 



New r e m o t e  au toma t i c  col lect ion sys tems a r e  being added a t  many PTRS si tes .  This f a c t ,  
coupled with increased usage of t h e  au toma t i c  da t a  service,  means  t h a t  t h e  HP1OOO1s 
responsibilit ies will eventual ly move beyond i t s  capabilit ies.  I t  has been definitely decided t h a t  
t h e  cur ren t  HPIOOO will be  replaced by a more  powerful machine t h a t  will be able  t o  handle 
more  e f f ic ien t ly  t h e  increased da t a  load. The  plans fo r  this  have already begun, and t h e  present  
configuration will b e  replaced within two years. 

Fu r the r  enhancements  a r e  also planned for  t h e  SERIES/l. The  SERIES/l  a lready consis ts  of two  
processors, which doubles i t s  eff iciency,  but more  disk space  is needed. Upgrading t h e  
operat ing sys tem is also on t h e  agenda. 

Increased use and fur ther  au tomat ion  of t h e  data flow of t h e  MARK I11 a r e  both being planned. 
T h e  number of labora tor ies  and Observa tor ies  on t h e  sys tem is s teadi ly growing, and i t  is hoped 
tha t  this  growth will continue. I t  is also ant icipated t h a t  t h e  types  o f  da ta  avai lable on t h e  
M A R K  I11 shall  also grow a s  t h e  needs and desires  of t h e  t iming community for  easily accessible ,  
machine readable  da t a  grow. f u r t h e r  au tomat ing  t h e  cu r r en t  da t a  flow is also planned. Many 
of t h e  transmissions a r e  rout ine,  and au tomat ing  them would f r e e  additional personnel f a r  o ther  
projects.  

The  newer types  of da t a  will be more fully utilized in t he  near  future.  There  is a g rea t  deal of 
potent ial  stil l  t o  be tapped in t h e  GPS da ta ,  t h e  DSCS data ,  and t h e  au toma t i c  systems. 
Current ly  s tudies  a r e  being made  on how best  t o  ut i l ize these  da ta ,as  fully and a s  e f fec t ive ly  a s  
possible, The  necessary computer  programming is being done fo r  t he se  studies. 

As more  technology and new types  of  da t a  a r e  made  available, ideas o f  improvments  in t h e  
existing da t a  handling s t ruc tu re  will natural ly occur. Pe rhaps  many of  t h e  concepts  t h a t  exist  
today will also be  eventually incorporated into t h e  s t ruc tu re  of da t a  handling a t  t h e  Naval 
Observatory.  

CONCLUSION 

In carrying out  i t s  mission requirements ,  t h e  Time Serv ice  Division of t he  U. S. Naval 
Observatory quickly and ef f ic ien t ly  col lects ,  ut i l izes  and disseminates  t i m e  d a t a  of all  sorts.  
Not  only t he  methods  of utilizing t h e  col lected da ta ,  bu t  also t h e  means  af  da t a  collection and 
ut i l izat ion a r e  essent ial  for  t h e  successful  T ime  Serv ice  operation. Automat ing  t h e  flow of d a t a  
through t h e  Naval Observa tory  t o  t h e  g rea t e s t  ex t en t  possible has been one  means  of improving 
t h e  serv ice  provided for  t h e  Timing user community. By automating,  or  a t  l e a s t  s t reamlining,  
t h e  rout ine da t a  flow, skilled personnel a r e  released t o  work on t h e  da t a  analysis which is 
necessary to  ensure precise, a ccu ra t e  and t imely information. Using machines, r a the r  t han  
people, for  da t a  en t ry  also minimizes t h e  risk of e r ro r  in da t a  exchange. Thus fa r ,  t h e  
Observatory has been highly successful  in utilizing avai lable technology for  rapid dissemination 
t o  t h e  many users of PTTI and Ea r th  ro ta t ion  data .  
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DATA TYPES 

INTERCOMPARISON OF CESIUM CLOCKS 
OMEGA MEASUREMENTS 
LORAN-C MEASUREMENTS 

REMOTE TlME SCALES FOR MONITORING SITES 
PORTABLE CLOCK REDUCTIONS 

NAVOBSY TlME SCALES 
SATELLITE TIMING INFORMATION 

IDSCS, T RANSIT] 
UTCIBIHI - UTC Ill 
EARTH ORIENTATION PARAMETERS 

IUT 1, POLAR CORDINATESI 

GPS TlME TRANSFER MEASUREMENTS 
ASTRONOMICAL OBSERVATIONS 
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0 P F R A t r C E  N A V O B S Y  OP FRANCE 
H P SWITZERLANC NOTSS RIChNOHC, FL HP SW l T ZERLANO 
O N SW I  T Z E R L A t i D  AGt4C ~ ~ E k r l r R K  AFS, OW Oti SUl TZERLANC 
NPL ENGLAND Wkl l fE  SANDS E ' I S S I L E  I E H  I T A L Y  
RCO ENGLAND GAtrGE, Wl AGO ENGLAHO 
HAVSECGRU SCOTLANC NAVSECWiJ l T A C Y  

8 9 7 8  9360 9990 
G R E A T  LAKES t lORYHEAST USA HOPTH P A C I F I C  

NAVOBSY I i A V O B S Y  P W L  ECt'ENOORF 
t iOTSS RICHYONO, FL NASA FAl  R l A N K S  
ACE4C t4ENARK AFS, OH SHEMYA AFB, AK 
rl0 s BOULDER, CO --"DSCS ELPftdOORF 

* I  ti0 l R E C T  I'EASURE 

F I G U R E  2 

6 1 



F I G U R E  3 

6 2 





F I G U R E  5 



QUIK-COMM ACRONYM 

Z A T A L O G  A D M I N L S T X A T O R  ' U S N O )  U S N O  
ASTltON(jMY :)EPY. TJNLV. OF 'lEXAS, U S A  AIJTA 
2lCNTNB F3K 7PACF RECI:ARCY, U OF T E X A S  ATJTA 
JET P R O P U L A  LON L I A U ( , K ~ T O R Y ,  P A S A D E N A  JPLP 
N h l I O N A L  Gk;02Er111C S U R V Y Y ,  K O C K V I L Z E  NGSV 
YlME S E H V I C F ,  US NAVAL O B S E R V A T O R Y  T I M E  
I N S T T T U T  P'IJER ANGEWANDTE G E O D A E S I E  IFAG 
SMLrrHSONI,!N A S Y I O P H Y S I C A L  O B S E R V A T O R Y  S A O B  
E A R T H  P H Y S I C S  B R A N C H ,  3TTAWA EPBR 
(!ERGA, G R A S S E ,  FRArvCE CERG 
3: H ,  PARIS, F R A N C E  B I H F  
i N S T l r P U T O  ELETTR0Y'b:CN: CO N A Z I O N A L E  I E N T  
~ B S T L T U T S  Y O B S E H V A T O H I O  DE M A R I N A  -- 
P ~ I Y S L K A L T S C ~ ;  - 'TECENl3CHE R U N D E S A N S T A L D T  -- 
N A T I U N A L  P H Y S I C S  L A B . ,  T d D D I N G T O N ,  U . K .  N P L T  
TOKYO A S T R U N J M T C A L  3USZRVAr!ORY T A O B  
VAN S W I N D E N  ; , A B O R k T O R i U M ,  N E I I E R L A N D  V S L A  
T 'dCI INZSCIIE  I I N I V E X S I T A T ,  G R A Z ,  A U S T X I A  T E C H  
SUE j L D M I N I S T R A T O R ,  31 0 - 399 ( B I H )  - .". 
O B S E R V A T O l R E  R O Y A L  DE B E L G I Q U E  O R B B  
L N S T I T U T  G E O G R A P H I Q U E  Y A T I O N A L  I G N F  
G H G U P E  1)E R E C K E R C H F S  DS G E O D A S I E  S P A T I A L E  -- 
E U R O P E A N  S P A C E  AGENCY O P E R A T I N G  C E N T E R  - - 
I Y Z ' E R N A T  IONAL L A T I T U D E  O B S E R V A T O R Y  I L O M  
K A D I O  i l E S E A K C H  ;ABORATSRIF:S,  J A P A N  -- 
KANOZAN GEODEr?:: O E S E R V A T O K Y ,  J A P A N  - - 
NAV.4L 3E:;EARCH LABCIKA'TORLbS,  W A S H T W T O N  - 
I J ~ V I S ~ C ) ? ~  3P N A T 1 3 N A 1 ,  M A P P I N G ,  A U S T R A L I A  
0 1 1 1 0  S T A T E  U N ; V E I I S T T Y ,  D E F T .  dE' G E O D E T I C  
S C I E N C E  AND S U R V Y Y I N G  D G S S  

- 
U T E X A  

C S R  
JPL 
N G S  
U S N O  
IFAG 
S A 0  
EPBR 

C E R G A  
B I H  
I EN 
OMSF 
P T B  
N P L  
T A 0  
V S L  
T U G  
- 

ORB 
I GNF 
GRGS 
E S  A 
IPMS 
R R L  
KG0 
NHL 

NATMAP 

DGSS 
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? A B L E  OF MOST FREQUE1;TLY USE3 C03ES ( @ T C O )  
(FOR MORE CODES S E E  EXPLANATIONS Ih' E A C H  CATEGORY)  

S E R I Z S  E X P L A K A T I O N S  ( S E R 4 , 5 , 7 , 8 , 9 )  . . . . . . . . . . .  Q S E R X P  
S E ? I F S  4': N o t e s  of t h e  l a s t  SER4 B u l l e t i n  . . . .  @ S E R 4 9  
S 2 3 I Z S  5:  U S T  H E S S A G E  ( A I G  1 0 0 )  ............. C S E R 5 0  

O l d e r  m e s s a g e s  may b e  o b t a i n e d  b y  
a p p e n d i n g  t h e  d i g i t  1-9 f o r  d a t a  a g e  
fo r  e x a m p l e :  5 d a y  o i d  message . . . . .  @SER55 

S E R I E S  7 :  E x p l a n a t i o n s  f o r  E x t r a p o l a t i o n  ..... @ S E R 7 0  
P R E D I C T I O N  OF lJT, X-Y .............. @ S E R 7 1  
P R E L I M I N A R Y  HC-UTC(  USNO) ........... @ S E R 7 3  

Z X P L A N A T I O N S ,  G E N E R A L  . . ~ E X P  P T i I  t O I i F E i i E N C E  NEWS ... @TTI 
S P E C I A L  3 A I L Y  R E S S A G E  . . @ D M E  T I Y E  S E a V i C E  D I R E C T O R Y  . @ D I 2  
G Z t 4 S R I L  P T T I  MESSAGE ... @HES H A I L 3 3 X  I N F O R M A T I O N  . . . .  @HBXXP 

. . . . . . . . . . .  VLF S T A T U S  P V L i  VLF XAINTENANCE S C H E D  . . @ V L f D 2  
. . . . . . .  VLF E X P L A N A T I 0 t : S  @VLFXP 

CGEOA S T A T U S  ........... @ 3 N S  OMLG.4 %!;ITOR DATA . . . . .  @OIESDl 
OKEGI: EXPLAf;ATiOI45 . . . . .  @Oh'SXP OMEGA ZFf-TIMES SCHED .. e O N S D 2  

G P S  STATUS . . . . . . . . . . . . .  
GPS ZXPLh.NATIOX FOE DhTA 

. . .  CPS UTEST TIP,: 3 A ? A  

? R A l ; S I T  STATUS . . . . . . . . .  -" - . .  . ~ A K S I T  E X Q L L ~ ~ L S I O I : ~  ... 
T R A N S I T  T I R E  DA.TA . . . . . .  
T R A N S I T  NCVA G;.TA . ..... 
L O 3 I N  S T A T U S  . . . . . . . . . . .  ..... LORAN EXPLANATTONS 

70C FOP. LORAN O R  TV .... 
( T I ~ E  oc C O I N C I D E N C E )  

P O 3 f A B L E  C L D C K  DATA: 
hEkSUFL!4ENTS . . . . . . . . . . .  
S C H E D .  OF CURREhfT T R I P  . 
N a s  D A T A :  ....... X3S E X P L A N A T I O N S  ..... NBS S T A T U S  O F  G O E S  

B E A L  T I M E  MEASUREMENTS: 
EXP LA N A T l O  NS ........... 
LORAN (4 C H A I N S )  ....... 
bTC T O  +/ -  5 0 M S  .....*.. 
T I H E  S I G N A L  .EXPL ....... 
TV B E A D I N G S  ( A V E R A G E S ) :  
KTTG WASHINGTON,  DC .... 
N3C I t  .... 

G P S  TZLCKINC SCHEDULE . . @ G P S D 2  
GPS E X T 9 4 ? 0 U T I O N  ...... @ G P S D 4  
G?S :;iE DATA .......... @ G P S S i  

@ NBSXP 
@ NBSGO 

@ RTMXP 
@nm 
@ T I  H 
@ T S F  

.......... R A ) J S T T  S E . 9 1 7  @;RAE7 
T X A N S I T  F I L E  DATA ...... e T 4 h S L  

LORAN E L h L  TIHE H E A S  . . .  @MU3 
L O R l l i  ? K D P b C A T i O N  T I M E ,  
C I E 6 C T 1 3 l i  & D I S T A N C E  . . .  @LDX 

S C H Z 3 .  OF NEXT T R I P  .... @HPX 
T E X T .  PC T R I P  PLANS .... @ U P T  

C P E R A S I O N S  CONTROL:  
FOR 3 Z T A I L S  AND C O D E S  . . @ O P S X P  
USNO s u a u c  I N F O R M A T I O N :  ~ S T A X P  

P R E D I C T I O N S  h C O U P U T A T I O N S :  
S I D E R I A L  T I M E  .......... @ S T 1  
MJD/KEEKDAY ............ @DAT 
S U N R I S E ,  S U N S E T ,  
TWILIGHT FOR A N Y  P O I N T  . @ S R I  
S U N R I S E  PROG. EXPLAN ... @SRIXP - . . - ~ - -  

L O R A N ~  P R O P A G A T I O N  T I M E ,  
D I R E C T I O N  & D I S T A N C E  ... eLDX 
S T A N Z L R D  T I M E  ANYWHERE . @STTXP 
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QUESTIONS AND ANSWERS 

MR. WARD : 

Sam Ward, J.P,I,. ,  again. For the users who get poor quality telephone 
lines, such as I do, before I get any useful data the thing times out, 
this happens to me frequently. 

MRS. WTTHINGTON: 

You are referring to the Automated Data System? 

MR. WARD: 

That's right. I don't know how we solve that one, either. I worked on the 
telephone company but the length of time that is programmed in should be 
longer. 

DR. WTNKLEK: 

I appreciate hearing such comments. You are the first one who has made 
that request. That can easily be done. The waiting time of the computer 
has been set for forty-five seconds, in the interest of making the 
telephone line available as quickly as possible; but if there are such 
problems, it's a matter of one minute to increase that to one-and-a-half 
minutes. So we appreciate hearing from the users about such difficulties. 
The local telephone llnes can be somewhat improved if you request from 
your telephone company a data line. It can be espcially equalized. We had 
a considerable amount of trouble before our system was working reliably. 
Al.so, there is a difference between a hard connected modem, a wire 
connected modem compared to the acoustic couplers, Acoustic couplers 
are generally poorer because it depends on the microphone that you have. 
There are special microphones available that you can put in. So there 
are lots of little tricks you can put in; we will be very happy to assist 
a user. 

MR. CAMP: 

Bob Camp from Synox. I have a question. Who should one get in touch with 
for further information about the mechanism of accessing all this data? 

MRS. WITBINGTON : 

Well, for the Automated Data Service, Myron Moranian of the Naval 
Observatory is the one to call. For the G.E. Mark 111, I'm the one to 
call on that. My name is Neville Withington. 




