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ABSTRACT 

The  U. 5. Naval Observatory is presently e n g a g ~ d  in a proqram of 
au tomat ing  precise t i m e  s ta t ions  (PTS' and precise t i m e  r e f e rence  
s ta t ions  (PTRS) by using a versat i le  mini-computer control led da t a  
acquisition sys tem (DAS). The da t a  acquisition sys tem is configured 
t o  monitor locally avai lable PTTI signals such as LORAN-C, 
OMEGA, and/or  t h e  Global Positioning System. In addition, t h e  DAS 
performs local  s tandard  intercomparison. Computer  te lephone 
communicat ions provide au tomat ic  da ta  t ransfer  to  t h e  Naval 
Observatory. Subsequently, a f t e r  analysis of t he  da ta ,  resul ts  and 
information can be  s en t  back to  the  precise t ime  r e f e rence  s ta t ion  
t o  provide au toma t i c  control  of r emote  s t s t i on  timing. The DAS 
configuration is designed around s t a t e  of t h e  a r t  s tandard industrial 
high reliability modules. The sys tem inteqrntion and so f tware  a r e  
s tandardized but allow considerable flexibility to  sat isfy special  
local requi rements  such a s  s tabi l i ty  measurements ,  per formance  
evaluat ion and printing of messages and cer t i f ica tes .  The  DAS 
ope ra t e s  completely independently and may be queried or control led 
a t  any t i m e  with a computer  or terminal  device (control  is p ro t ec t ed  
for  use by authorized personnel only). Such DAS equipped PTS a r e  
operat ional  in Hawaii,  Cal ifornia,  Texas  and Florida. 

INTRODUCTION 

One of t h e  funct ions o f  t he  U. S.Naval Observatory is to  provide a da t a  base of precise t i m e  
measurements  which r e f e r ence  navigation sys t ems  timing tn  UTC (USNO). This is accomplished 
with measurements  made  a t  t he  Naval Observatnry and a t  precise t i m e  s ta t ions  (PTS) around 
t h e  world. The  quality of t h e  measurements  made  a t  s PTS is of ten  a f f ec t ed  by personnel 
changes a t  t h e  s tat ions.  In addition, t h e  quant i ty  of da ta  is l imited by t h e  number of avai lable 
man-hours. To improve both qual i ty  and quanti ty of this  da t a  t h e  Nava! Observatory has 
developed an au toma ted  da t a  acquisition sys tem (DAS) t ha t  is being installed in  d i f f e r en t  
configurat ions a t  t h e  PTS's. There  a r e  apera t iona l  sys tems present ly installed in Hawaii, Texas,  
Florida and t h r e e  in California. In t h e  near f u t u r e  sys tems will be  installed in Ohio, West 
Virginia and a second sys tem in Hawaii. 

The  following will describe t h e  d i f f e r en t  configurations and capabil i t ies  o f  these  systems.  

Sys tem Description (Figure 1) 

The  DAS is a mini-computer control led sys tem capable of monitoring locally avai lable precise 
t i m e  signals such  as LORAN-C, OMEGA and/or  t h e  Global Positioning System. In addition, t h e  
DAS can perform local s tandard  intercomparisons. Computer  te lephone communicat ions 
provide au toma t i c  da t a  t ransfer  t o  t h e  Navel Observatory.  Af t e r  t h e  da t a  has been analyzed, 
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resu l t s  and information can  be  s en t  back to  t he  PTS t o  provide au toma t i c  control  0.f r e m o t e  
s ta t ion  timing. D a t a  analysis can  also b e  performed by PTS personnel by utilizing t h e  plotting 
and da t a  printout  capabil i t ies  of t he  DAS. Tne  DAS also provides au toma ted  portahle clock 
measurements ,  and printing of messages and cert i f icates .  

Sys tem Design (Figure 2) 

The  hear t  of t h e  DAS is a Hewle t t  Packard  (HIP) 9915 computer .  The  computer  controls  two 
in te r faces ,  one  an RS232 i n t e r f ace  t h a t  is primarily used fo r  de t a  communicat ions and an IEEE- 
488 (HPIB) i n t e r f ace  for  equipment  control.  In n basic sys tem t h e  HPIB connects  t o  t h e  
computer  one  or two H/P 59307 VHF switches,  an HIP 5320 or 5335 universal counter ,  and an 
Austron 2100 LORAN-C timing receiver .  Once  per  hoirr under cnrnputer control  t h e  VHF 
switches connect  up t o  14 d i f fe ren t  t iming signals (IPPS) in to  t h e  universal counter.  The  
universal counter  is configured t o  make  t i m e  interval  measurements  and t ransfer  t hem t o  t h e  
computer  fo r  s to rage  and subsequent  t ransfer  t o  t h e  Navel Observatory. Each  hour, under 
computer  control,  t h e  LORAN rece iver  is locked onto a se lec ted  s ta t ion ,  a t i m e  of arrival 
measurement  is made, t h e  da t a  is t ransfer red  t o  t h e  computer ,  and t h e  LORAN relceiver is  
initialized t o  acquire  a d i f fe ren t  s tat ion.  This computer  control  of t h e  LORAN rece iver  allows 
d i f fe ren t  s ta t ions  and/or chains t o  be  monitored with a single receiver.  A t i m e  t a g  fo r  t h e  d a t a  
is obtained f rom the  LORAN rece iver  or f rom an internal  clock in t h e  computer  if t h e  LORAN 
receiver  malfunctions. The  d a t a  is a lso labeled with t h e  Modified Jul ian D a t e  t h a t  is 
maintained by the  computer ,  and t h e  LORAN da ta  is labeled with t h e  chain repet i t ion r e t e  and 
s ta t ion  ID. A DAS in th i s  configurat ion can  s t o r e  two  days  of da t a  in computer  memory and up 
t o  30 days  on t h e  built  in t a p e  drive. To  r educe  t h e  problems caused by magnet ic  t a p e  and t a p e  
t ransport  wear, t h e  sys tem programs a r e  s tored  on EPROMs (erasable p rog ran~mnble  read  only 
memory) in t h e  computer .  These  programs a r c  loaded and run on power-up without  human 
intervention, el iminat ing t h e  need fo r  computer  back-up power. 

The  RS232 in t e r f ace  connects  t h e  computer  t o  a s tandard  dial up t.elephone line via a 1200 baud 
modem. This  allows d a t a  t ransfer ,  sys tem control ,  and/or  sys tem diagnost ics  t o  be per formed 
with a r e m o t e  computer  or  communicat ions terminal .  To communica te  with a r e m o t e  DAS, dial 
t h e  telephone number, respond t a  t h e  request  f o r  ynur ID, t hen  respond t o  t h e  request  fo r  your 
operat ion codes. The  ID "USNO" is provided fo r  PTTI users; this  code allows access  t o  t h e  DAS 
da t a  without  t h e  capabil i ty  of in te r fe r ing  with t h e  DAS operation. T h e  operat ion code  in most  
ca se s  is e one or  two digit  number t h a t  te l l s  t h e  DAS what  da t a  you would like t ransfer red  
( r e f e r  t o  Table  I f o r  example). Upon request  t h e  DAS s tored  d a t a  is t ransfer red  t o  t h e  USNO or  
PTTI user in t he  form of Modified Jul ian Da te ,  Universal Time,  clock t i m e  interval  rneasure- 
ments ,  LORAN-C chain, and LORAN-C t i m e  interval  measurements .  R e m o t e  sys tem control  
provides, for  example,  t he  ability t o  update t h e  DAS date ,  t i m e  of day, and t h e  number o f  leap 
seconds, a s  well a s  t o  monitor  clock t i m e  interval  measu remen t s  and LORAN-C d a t a  in rea l  
t ime. T ime  of day, s ta t ion  GRI (Group Repet i t ion  Interval),  receiver  gain, signal t o  noise rat io,  
receiver  s ta tus ,  and cyc le  number f rom t h e  LORAN receiver  can  also be monitored. R e m o t e  
sys tem diagnost ics  can  be  performed on t h e  VHF switches,  LORAN-C rece iver ,  and t i m e  
interval  counter.  In addition t o  t h e  precoded diagnost ics  any allowable i n t e r f ace  bus commands  
can  b e  s en t  t o  each  piece of equipment  allowing comple te  equipment  control  f rom EI r e m o t e  
terminal .  O t h e r  diagnost ics  include a t ab l e  of ampli tude and frequency measurements  of each  
clock signal connected  t o  t h e  VHF switches. Comparing these  measurements  t o  t h e  measure- 
men t s  in t h e  t ab l e  made  during sys tem ini t ia l izat ion helps t o  de te rmine  t h e  integri ty of t h e  
signals and cables  in t h e  system. The  number of power fai lures  a t  t h e  PTS a r e  counted and 
s tored  t o  help analyze equipment  failures. T h e  programs e r e  designed s o  t h a t  when a so f tware  
or f i rmware  e r ror  occurs ,  t h e  program will recover  and continue; however, t h e  e r ror  code and 
t h e  program line number where  t h e  e r ror  occurred  a r e  s tored  and may be  read  during da t a  
cornmunications. This aids in so f tware  debugging while t h e  DAS is operat ing a t  t h e  PTS. 



Soon a f te r  insta l lat ion o f  DASts i n  the  f ie ld  nevi rrqulrprnentt ~ : s r , i ~ e d  erilri suX~seq~~ent ly  the 
DAS1s capabil i t ies were expanded ( re fer  t u  F iqu re  3). 

One o f  the new requirements was t o  provide a pr intouf  uf  the USI'JOts GPS t im ing  data i n  the 
computer fac i l i t y  a t  the  GPS rriaster cor i t rv l  slte l n r a t i ~ l l  qr \ ' ~ ~ l ~ l f ; ~ ~ ~ . ~ ~ i  ( 4  1-lr1-c~ ' c 'e~ i fo r r~ ia .  The 
pr in ter  was t o  be located I f i O O  feet f r o v  the 1745 ~ n d  t r ~ p  d ~ L s  1-11 i i ~ i , * ~  rtl-rt tiatl t r ,  be f r e r  a f  any 
transmission errors. To  convect the prrriter t o  t l ie  UA'l. si~or!. 11.iui trlod~rris and a Black Box 
"Fal l  Back Switch" ( F B S ~  were us~cl .  Thc rnodems exterld l I t ?  R'J /;* t:,~r;tnurlicntinr,s from the 
DAS t o  the  pr inter .  The FBS a l lows   boll^ the i ja ta ( o r ~ r ~ n ~ . i r ~ ~ c n t l v  J.: I I IO~IFI~II ~ n r i  the  pr in ter  via 
short-haul moderns t o  be cor-~necter' t o  ;I > l r l . _ r X ~  45- 7 '  ) 3 lr lr I ' 3 '  f h ~ r  : < I  1 1  IS I~ I~P er i  or f ree 
data, two  error  check numbers arp  u ~ ! L L I ~ ~ L ~ J  1,) ttl~: t I , I I  in-1 I LU~ I I~ . J~J I .~ I  dl-11.1 I I t l i ~ s ~ ~ ~ i t t e d  wit11 tt le 
data. When the data is received at  the DAS, t h ~  error  check ncinihers arp calculated by the DAS 
computer and compared to  those sent w i t h  the  d ~ t a .  I 2 i r ; l  lrt ivr-, al,krjcrwiedgernent is  
returned by the DAS i f  the calculat ions agree; otherwisr*. ,el r ansrr~rssiu~? of  the data is 
requested. D a t a  and messages can also be sent f r o m  a data te r rv i l iwL IHow~ver ,  calculat ion of 
the er ror  check codes by hand is not  pract ical.  To s n l v ~  rhrs p_7;(.1hi~:n, s special error check 
code is  sent w i t h  the  message. 7 his code te l ls  the  DAS :I> transrrirl ? I t c q  ent i t  e lriessaqe back t o  
the sender. The sender can then check the m e s s q e  'or r r rnrs  rr c! ti.qnsrnit an a f f i rma t i ve  
acknowledgment or re t ransmi t  the  messaqe. 

Another requirement was t o  moni tor  the OMEGA nevlqst iur l  ::yster;~. "1 he Black Box FBS was 
used to connect a Magnavox 1 104 OMEGA rriorii t o r  t o  t i le  3 4 5 ,  rll lti  ' i / i J  Winchester disc was 
added t a  accommodate the storage o f  t h e  large arriaunr o f  Liul.3 nlovideri  l )y  thp OMEGA 
receiver. The OMEGA data is stored i n  a 1C17 day c i r c ~ ~ l a a .  f l l e  on t i i p  disc. Wi th  the use of t h e  
DA5 data communications th is data is avai lable to  thta l i ,S+ r - nas l  Guard for analysis. The 
communications modem used i n  th is  DAS was a dual spew r r~uc l r r~~ ,  'TOO and 1200 haud. This 
modem and the computer i den t i f y  the speed fif the  cal l- in modem arvi spt thei r  own cornrnunica- 
tioris speed accordingly. This fea ture  al lows a larqer var i r t  Lr'l date I t.i.ininals and even the  
most inexpensive computers t o  communicate w i t h  the L A ? ,  

I n  January 1983, t he  Vandenberq AFB c o n t r a c t ~ d  d t f :  t /IF. ' 1';f 1 i  J lo  desiqri arid bui ld an 
automated t im ing  system for  the i r  Precise P4easurernei-bt t l e c t r o l ~ :  - ' a b o r a t ~ ~ ~ : ~  ( f ' l / l l l L  !. This 
PMEL is a Precise T ime  Reference S t a t l o n  (PTrZ5'. r l - i ~ q  i q ~ .  * hf I ? P C ~ ~  : i 7 1 1 r r _ i  3t a srcand 
generation DAS w i t h  several new capabil i t ies ( refer  to iqt11'~ 4'. 1 Pis I ~ E . \ ~ J  F )  stprri r*onsisted uf 
the  computer, t w o  V t i F  switches, t he  LORAP4 r ~ c e i v e r .  i.lrr>e inter \ /aI  , illlr~t,er., 'Wxnchester disc, 
a second H/P 9915 computer w i t h  keyboard ~ n d  rrionitor. ;! rirr~ir~i:; ij\l;terns Tecl-~;rology (TST) 
precision d ig i ta l  mul t i - t imesca le  clock, TST rnicrophase s tepper,  I . , r i  1-1: ri I c ~ ~ e c v ~ r i r 7 ~ u r ~ i c a t i o n s  
Inc. (STI) 502 GPS receiver, an H/P graphics p ln t re r .  srltl arl YIP p r i * ; t ~ k i  

The keyboard, moni to r  and second computer are usecl as 4 i t  i re1 t "11r i~ l i .  This te rmina l  
provides fo r  loca l  cont ro l  o f  the system, data anelysis, p l o t s  s : ~ i  p r v r ~ t ~ ) l i t s  ~f rhe 1-nllrcted data, 
and the pr in t ing  o f  reports and messages. Thc prnura:n: 1 l . t -  I * ,  31 q p r r y ~ r r ~ s i  are soft-key 
controlled. Programs are loaded and run  by pressing r r;il-qlP i lp\ ;-r l l t l  rer lulre :I,J proqrarnming 
knowledge. The termina l  computer is connected t o  the i I i ' '>  orrllil tp, :)no ! , i e  c t i i e l  ~ q u i p m e n t  
i n  the system by the HPIB. Both  computers, i n  tc~rn,  *RI.. o r > t  ~s ~ I I -  svsterr~ r.antrollqr. This 
al lows both  computers t o  access the  same disc i r i  ol.del- ( I  - t r u  P ,-ir $ 1  r e r l e b e  UEILLI i C i  cr jntrol 
the other equipment i n  the D A S  I n  order  to  coliect th r  m t a  I I F r~ lc i t tcr  arirl pr in ter  are 
connected t o  the  te rmina l  computer w i t h  t hp H/P ir-iterf a c ~  loup 'l-i:'TI 17he klse of the  HPIL- 
al lows the pr in ter  and p lo t te r  t o  be located witkl t he  i ieyhosrrl sn i i  : I I C ' ~ ~ ! U ~ '  117 R ! !  nlf lce,  whi le 
the  computers and other equipment are kept in a labortztoi y rllvlrvrluiielir, r'!otlir3g, p ~ i n t i ~ i q  and 
programming can also be performed w i t h  the Ler.rriin~1 rc~rr lp lr ter ,,itI:os>j; iv i i lq  Irp the tiPIB 
in ter face which is  required by the  DAS fo r  [date collertinr;, 



The DAS computer, as i n  other DAS1s, is for control o f  the system, t iming equipment and 
communications. The DAS computer maintains pr ior i ty control over the HPIB and, therefore, 
pr ior i ty  control over the equipment i n  the system. I n  order for the terminal computer t o  access 
the disc or control the equipment the terminal computer must obtain HPIB cqntrol f rom the 
DAS computer. The DA5 computer may pass control, deny or take control  away from the 
terminal computer. 

The microphase stepper and digi ta l  clock were added t o  provide a computer slewable lpps  and 
are connected to  the system vie the HPIB. With the microphase stepper, the lpps f rom the 
digi ta l  clock can be stepped i n  t ime  i n  one picosecond steps or the lpps can be slewed i n  parts 
as small as ten to  the minus seventeenth. This control o f  station t iming can be done w i th  the 
local terminal, remote terminal or remote computer. The microphase stepper and digi ta l  clock 
are completely programmable by remote computer or terminal. This provides for  automated 
insertion of  leap seconds into the station t iming and allows for remote diagnostics i n  the event 
of equipment failure. 

The GPS receiver provides pr imary data for control of the station timing. A tracking schedule 
is loaded in to  the DAS computer f rom the USNO. This schedule is in i t ia l ized so that  the GPS 
receiver at the remote station and the GPS receiver at the lJSNO collect data f rom the same 
GPS satel l i te a t  the same time. The data is reduced and stored on disc w i th  the start  time, stop 
time, space vehicle number, slope and rms of the data, and the number of samples. Each day 
the USNO computer calls and collects the GPS, clack and L O R A N  data f rom the DAS. The DAS 
GPS data is compared wi th  the USNO GPS data. The difference between the remote station 
t iming ~ n d  UTC USNO is then calculsted and when needed control  informat ion is sent back to  
the DAS to  automatical ly correct  station timing. To prevent transmission errors in the t iming 
control message, the entire message is retransmitted to  the sender. The sender must then 
acknowledge whether the message was received correctly or i f  retransmission is required. 
A f t e r  an af f i rmat ive acknowledgment is received by the DAS, the DAS sends the control 
message to  the microphase stepper. I f  no errors are indicated by the microphase stepper the 
DAS computer queries the microphase stepper for  the last control  message received. The 
control  messages are compared by the computer and the results are sent back to the sender 
informing h im that  the control was accepted or that  retransmission is required, If an error 
occurs i n  the microphase stepper, an error code, the date and t ime  are stored on disc. This 
information can then be retr ieved by USNO fo r  analysis. 

The graphics plot ter and associated software provide plots of any of  the collected t ime  interval  
data. This includes the data f rom the GPS receiver, the LORAN receiver, and a l l  equipment 
connected t o  the VHF switches. The data is collected once each hour and stored on disc i n  a ten 
day circular f i l e  and may be used to  produce plots one to  ten days long. This data can also be 
printed on the printer for  numerical analysis or to  edit bad data points. Plots w i th  reduced 
resolution can be produced on the monitor for  quick analysis. 

A connection through the VHF switches is provided for automated portable clock 
measurements. The computer asks the operator pert inent information fo r  pr int ing a portable 
clock measurement cert i f icate; i.e., clock serial and model number, owner's name and address, 
and the personnel making the measurement. The computer then instructs the operator through 
a procedure that calibrates the cables being used t o  connect the clock t o  the measurement 
system, measures the t ime interval  between the system t ims  and portable clock, and prints out 
a cert i f icate o f  the measurements made. The data that  is printed on the cer t i f icate is also 
stored on the disc fo r  transfer t o  the USNO. 

One of the functions of  the Vandenberg PMEL is to  calibrate other PTS1s. A computer program 
was added t o  this DAS which signif icantly reduces the amount o f  labor previously required t o  
calculate and report these measurements. A f t e r  portable clock measurements are made at  the 



PMEL and the remote  PTS, the  data is entered i n to  the  computer, The computer then locates 
data on the  disc f r o m  previous c lock measurements made a t  the PTS, calculates the  long t e r m  
d r i f t  r a t e  o f  the  PTS t iming, calculates the present t i m e  o f fse t  between the PTS and UTE 
(USNO), pr in ts  out an extensive f o r m  w i t h  a l l  per t inent  data, end stores the  data on the  disc fo r  
fu ture  reference. 

SUMMARY 

The DAS's described are systems tha t  are already operational a t  several PTSts. Some of t he  
DASts have been operating f o r  two  years provid ing data f o r  the  USNO. The equipment used i n  
these systems was selected fo r  i t s  re l iab i l i t y ,  accuracy, and avai labi l i ty ,  The DAS can be easily 
configured i n  many d i f f e ren t  ways t o  ta i l o r  the  system to  the  needs o f  the  par t icu lar  PTS. The 
sof tware fo r  the computers is w r i t t e n  as modules and can be connected together t o  conform 
w i t h  the equipment i n  t h e  system. Other  equipment and sof tware  can be easily added t o  the  
DAS as requirements evolve. 

The USNO w i l l  continue t o  insta l l  these DAS's a t  selected PTSts and PTRSts i n  order t o  improve 
the moni tor ing and dissemination o f  precise time. The USNO is also w i l l ing  t o  design, bui ld and 
cont ro l  DASts fo r  other precise t i m e  users. 
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COMMUNICATION CODES 

8 3 - - 
84 - 
84X... - - 
85 - - 
86 - - 
OMEGA = 

TERMINATE COMMUNICATIONS 
DATA TRANSFER (XX = il OF CHANNELS, Z = /I OF DAYS, 
DEFAULT = 2162) 
TIME INTERVAL COUNTER CONTROL (X ... = ANY VALID 
HPIB COMMAND) 
PERFORM A TIME INTERVAL MEASUREMENT 
T.I. COUNTER SELF CHECK 
VHF SWITCH CONTROL 
LORAN RECEIVER CONTROL 
LEAP SECONDS CONTROL (XX = LEAP SECOND COUNT) 
IF  XX I S  INCREMENTED BY 1 THEN THE TST DIGITAL 
CLOCK I S  CORRECTED AT 2400 UT. 
NUMBER OF STATION POWER FAILURES 
PRINT OUT VHF SWITCH SIGNAL TABLE 
PRINT OUT THE LAST 10 PORTABLE CLOCK 
MEASUREMENTS 
PERFORM ALL T.1. MEASUREMENTS WITHOUT STORING 
DATA 
RESET POWER FAILURE COUNT 
PRINT OUT THE LAST 10 DAYS OF GPS DATA 
PRINT OUT PROGRAM AND MICROSTEPPER ERROR LIST 
AND OPTION TO ERASE DATA FILES ON TAPE 
PERFORM VHF SWITCH SIGNAL ANALYSIS 
GPS RECEIVER INTERNAL TRACKING SCHEDULE 
CORRECT VHF SWITCH SIGNAL TABLE 
RESET POWER FAILURE COUNT 
RESET AND INITIALIZE LORAN RECEIVER 
READ COMPUTER INTERNAL CLOCK (TIME OF DAY) 
SET COMPUTER INTERNAL CLOCK 
PRINT OUT LORAN RECEIVER STATUS TABLE 
REMOTE PRINTER INPUT (1,l = DEFAULT CHECK SUM 
AFTER cn t l  D) 
PRINT OUT VHF SWITCH CLOCK LABELS 
HPIB OR HPIL PRINTER INPUT (1,l = DEFAULT CHECK SUM 
AFTER cntl D) 
MICROSTEPPER CONTROL INPUT 
READ DATA ON MAGNETIC TAPE 
CONTROL TST CLOCK (DEFAULT = T read clock), ( 1 ~  = UTC) 
PRINT OUT THE LAST 24 HOURS OF OMEGA DATA 
GPS RECEIVER DATA REDUCTION SCHEDULE 
PRINT OUT 1 TO 100 DAYS OF OMEGA DATA 

NOTE: (P) INDICATES THAT THE CODE ACCESS I S  PROTECTED AND DEPENDENT 
ON I D  ENTRY 

(A) INDICATES CODES THAT ARE USED FOR PRECISE TIME STATIONS 
(B) INDICATES CODES THAT ARE USED FOR PRECISE TIME REFERENCE 

STATIONS 

TABLE 1 
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QUESTIONS AND ANSWERS 

MR. WARD : 

Samuel Ward, Jet Propulsion Laboratory. Why weren't multiple-time 
interval counters used? 

MR. WHEELER: 

We haven't had a problem with a single-time interval counter. We didn't 
deam it necessary to have more than one time interval counter. 

MR. WARD : 

But with a single-time interval counter, the epoch of the measurement 
is different for each. You can't make two measurements at the same 
time, nor can you use the integrating features that are built into the 
counter. 

MR. WHEELER: 

Yes, measurements are made sequentially. 

MR. WARD: 

But in cross correlating data from the different measurements, if the 
epochs are not the same, then you really have to make adjustments because 
it's not truly simultaneous measurement. 

MR. WHEELER: 

Yes. The simultaneous data from the G.P.S. receiver is not: measured to 
the time interval counter. 

MR. WARD : 

Well, G.P.S. has its own counter built in. 

MR. WHEELER: 

Yes. 

MR. WARD : 

We think that for the measurements made on the Loran and Omega and some 
of the other measurements, the rime interval counter was used. 

MR. WHEELER: 

We aren't depending on the true common view measurements of the clocks, 
of the locally available clocks in the Loran. 
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DR. WINKLER: 

I would like to comment on that, on the question: "Why are these 
measurements not being made simultaneously and what is the maximum 
error which you get by not doing so?" 

Well, if you make your measurements sequentially between high performance 
clocks, the maximum time error which you make in a measurement which is 
done in ten seconds or fifteen seconds is less than one nanosecond; and 
considering all your other errors in the system, that is not important, 
of course. That's the main reason why in the interest of being economical, 
the multiple counter system has not been selected. 




