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ABSTHACT 

In thc past  year,  the increase in P'I'TI data to bc rctluced to thc U. S. Navai 
Observatory Master Cloclc and the r e q u i r ~ m c n t  lor  its quiclc dissemination has 
necessitated dcvclopment of morc ellicient mcthods of data handling :ind reciuc- 
tion. An outline of the clatn involved and of the 'l'ime Srrvicc computerization 
of these functions i s  presented. 

During t h e  past scvcrztl yc:irs, the instrumcnt:ttjon and operation of m;my sys- 
tems whjch could be uscd for  world-wide synchroniz:~tion have been discussctl. 
Among them h:tvc been Omega, Loran-C :mtl Loran-D, television comparisons, 
:md thc ncfense Satellite Commnunic:ition systems. Tmplicit in a11 of thcsc sys- 
tems used for  timing is that sornconc, somewhere is rccciving d:~la and giving 
some feedback lo the przrticipnting stations. It js tllc mechanics of thjs role ol  
the U. S. N:~v:il Ohservatory Timc Service which T pl:in to cliscuss this :iftrrnoon. 

With the rapid cievelopmcnt of t i m i ~ g  systems, the jncroase in clata input to thc 
Timc Service has been trcmcndous. However, thcrc his not been a corresponding 
increase in pcrsonncl to process the data manually, Becausc of thjs h c t ,  in 
March I973 it was clecidctf to inauguarate autorr~atjc data processing for  Prcc ise  
Timc xntl Time lnterval data :IS much a s  possible. 

As a11 data from the Ilcfense Satcllitc C'ommun~cation tcrnljnals wcrr  :tlready 
being receivcd in machine-readable forn:, i . t l .  , paper tzpc vja TWX, this sys- 
tem was uscd a s  the nucleus Cor the d c s i ~ n  : ~ n d  implernentatjon of :I program to 
store,  calculate and disseminate 311 PTTI datn. 

FORMAT 

As the I i rs t  step in this program, a stand:~rd format lor  TUX trsnsniissions 
was devised. What was dcsiretl, a t  the minimum, was  :t format which the IBilT 
1800 Automatic Data Acquisition System could usc  to clistinguish PTTI datn from 
all  othcr jncnming TWX messages and yet which would be flexible. 



I Addjtional requirements were the Day, Month, and Year; the local reference o r  
Cesium number; the identification of the monitored systems; the time compari- 
son; a check number; and the date/time of the comparison (Fig. 1). 

The addition of lNOTES1 gave flexibility to the format in that any comments 
and/or questions could be transmitted, in any form, in the same message. 

From inception, the computer processing was envisioned as  handling all incoming 
PTTI data. The next figure i s  of two messages received from the Camp Roberts, 
California and Futenma, Okinawa Satellite Communication (SATCOM) terminals. 
They have transmitted a time transfer via satellite, a direct time comparison, 
and readings of Loran-D and Loran-C, respectively (Fig. 2). 

To identify the TWX message a s  PTTI data, four Y's  followed by the location 
and activity, must be on line 1. Line 2 i s  for the date, line 3 is the local ce- 
siums and the following lines contain the monitored systems. In the message 
from Camp Roberts, each of the Cesiums were used: C s  576 for Loran-D and 
Cs 550 for a time transfer with Kwajalein, Marshall Islands. Cs 576 is also 
used in time transfers with Ft, Ilix, New Jersey and Brandywine, Maryland. 

In addition to the SATCOM tcrminals which a re  transmitting data in this format, 
a r e  such stations as Nasa/Guam; Detachment "Charlie11 of the Naval Astronautics 
Group in Hawaii; and Elmendorf Air Force Base in Alaska (Fig. 3) .  
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Each morning, the complctc ree l  of TWX paper tape is scanned by thc Time 
Service Data Acquisition System m d  :111 PTTI data iidcntifietl by the 4 Y ' s )  are 
listed on an IBM 1816 typcwj te r  xnd punchrd onto c:lrds for  1:ltcr use  in the 
IT. S. Naval. Observatory IRM 31i0//40 g'encral purpose computer. The data 
punchcd :Ire the civil dntc, the conlputcd Motlifiec'l .Julinn Jlatc, "I,ocal Reference 
o r  Cesium Numbertt, and thc tinlc comparison. 'l'hc check number, which i s  
kwicc the time comp:~ri son, 1s nuto~naticnlly verified. Any discrepancy is notcrl 
on the typewrjter a s  an e r ro r .  

STORAGE AND REDUCTTON 

Thc punched cards a r e  then user! a s  input to the IBM 360/40. All permanent 
storage and :ill calculations a r c  done here becausc of the greater  capacity and 
flexibility in data manipulation, Since only SA'I'COM time transfers ,  dircct com- 
parisons anrl some telcvision comparisons a r c  uscti in this systcm currently 
(although expansion i s  being planned) only thcl tl:ltn used a r c  stored on the clisk 
pack, The calculations to rcducc a11 the data to thc djffcrcnce LJ. S. Naval Ob- 
scrvalory Master Clocll (TiSNO lIC\--T,oc:iI T<cfc.rcncc~ o r  Monitored systcm a r e  
thcn made. 

In E ' i ~ a r e  4, wc can see not only the Ijnl;s o r  ser ies  of additions necessary to 
reducc the data to USNO NIC 11th xiso the worltlwitle precise time synchronjzation 
possjhle through thc SA'I'COM terminals. 

'I'he connecting Iir* between all terminals ant1 the IJSNO MC is thc tcrrninal a t  
Brnnrlywine, Maryland (cnrlcd A11314'E). To cnsi.lrc that its relationship to USNO 
MC is well known, port~tble clocli visits a r e  schetluled, a t  n minimum, bimonthly. 
Ar1dition:tl data a r e  provirlcd hy 3 microwave l i n k  which i s  read Monrlny through 
Fridny. 

Timing access to tile Pacjfjc is ~ ~ o s s i h l e  through t l ~ c  I-Tonolulu terminal (IIITON/ 
IlIIEL) (Fig. 4). Through this p l h ,  precisc time rcfcrence stations have bccn 
cstablishecl at Guam and Okinniv:~. After modifications to t h e  eyuipnlent a t  
Thailand (SSEA) a r e  compl~teci, a rlrccisc. tirnc reference station will also be 
possible therc. If a stntion can be cst:~hljshetl at either Northwest Cape (ACAP) 
o r  Woorncr:~ (WOOM), Austr:~li:i an i~liportnnt link will have heen established for  
the control of the Naval Comnitmjc~tjon Station, NWC. 

A s  seen in Figure 4, the Northwest P:lcific Loran-C: chnin (SS3) is rnonitorcd by 
Okinaws, N~sa/Guam,  :~ntl SATCOM/Guam. Such redunciancy can provide great  
reliability to the rcporteci values of 553. 





Marshall Islands; tentatively to Woomcra, Australia; and to Shemya, Alaska 
a r e  possible. With a link to Shemya and by portable clock visits to Elmcndorf 
Air Force Base, the Northern Pacific Loran-C chain (SHY) which is monitored 
by Elmendorf, can be related to USNO MC. 

In the East, synchronization to USNO MC is also proviclcd by the SATCOM ter- 
minals: going from Brandywinc through F t. nix, New Jcrsey to Norfolk, Virginia 
,and thcn to G~~mtanamo  Bay, Cuba. Another path is through Ft. Dix to Naples, 
Italy o r  to Landstuhl, Germany wherc cquipment modifications are now being- 
made. 

The method and equipment used in time transfers betwccn SATCOM terminals 
have been discussed a t  past PrI"I'I meetings (PTTI Planning Meetings, 1971 and 
1972). 

OUTPUT: LISTINGS AND GRAPHS 

The daily otTeput of this program a r e  six pages of cornputcr listings. The f irst  
two a r e  a summary of the data rerluced to USNO MC. While beginning ant1 ending- 
dates are variable, the usual list is  for the currcnt month with about an eight-day 
over-lap. The remaindcr of t h e  listings contain all thc raw data received. Using 
thc lists (Fig. 6) ,  discontinuities and/or discrepancics a r e  1oc:tted and problems 
resolved when possible. If ncccssnry, clarification from thc terminals i s  re- 
clucsted. The problem most often encountered i s  the transmission of the wrong 
sign . 
On the summary sheets (Fig. 7) ,  thc difference of USNO MC-I,ocnl Rcfcrence 
o r  Monitored Systcm i s  gjven as well a s  thc c:tlcul:lted rate of change in parts 
in 10 ' in respcct to 'CISNO YIC. 

Our goal i s  to kccp the cesiums tvithjn ? I 0  mjcroseconds and also with a rate of 
change of less than k12.0 parts in 10  ' ' in respect to USNO MC. From thc fol- 
lowing plots, using data stored on disk, the steps mndc in controlling the cesiums 
at  the SATCOM terminals may bc seen. 

In the grnph of Norfolk, Virgjnia/Cs 351 (Fig. S), the rneasurcnlcnts obtained in 
late July and early August gave ;I tirnc tlifferencc USNO RIC-VNOR /CS 351 first 
of -9.8 microseconds and then of -12.0 microseconds. A control message, 
based on these time differences, W:IS sent recluesting :I 15 microsecond retard. 
Immcdiatcly after the step, frequent data wcru received which gave a rate of 
-15.9 x 10 - I 3  for Cs 351 in respect to the lJSNO MC. Therefore, a second con- 

e trol message to decreasc thc freyuency was sent. Since then (September l o ) ,  
C s  351 has remained within 1 microsecond of USNO 9IC. 
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At this point, I'd like to present the Control Messages which wcrc sent to Norfolk 
(Figs. 9 and 10). Thc first  messagc initiated the step. To do this, it was nec- 
essary to change the thumhwheel settings which control the amount of delay in 
the system. Since USNO MC-Cs 351 was negative, we wished to retard i t  or,  
in other words, to incrcasc thc dclay in increasing the thumbwheel settings. In 
each Control Mcssagc scnt, the USNO givcs the current thumbwheel setting and 
then the new setting we desire. Each unit change i s  equivalent to 1 microsecond. 
Aftcr the changc i s  madc, an aclrnowlcdgcrnent is sent by the SATCOM tcrrninal, 
giving the old setting, the new one, and the date/tim~ of the change. 

In like manner, a change in frequency i s  introduced. Here, the change i s  ac- 
complished by adjusting thc C-ficld sctting of the cesium beam. Since the rate 
of ch,mge in USNO MC-Cs 351 was negative, we knew that the frequency of Cs 
351 was high in respect to USNO MC. We therefore decreased the C-ficld set- 
ting, each unit change in thc sctting bcing approximately equal to a change in 
frequency of 5.0 parts jn 10 1 3 .  

In contrast to the ease in which Cs 351 was controlled, the graph of USNO MC- 
GMOG/Cs 529 (Fig. 11), shows the worst casc in that a nurnber of corrections 
were necessary to bring C s  529 (located in Guam) into the tolerances desired. 

The first  time comparison was made by portable clock visit in April 1973. The 
difference was better than 40 microseconds and the frequcncy was quite low as  
indicated by subsequent data from time tr,msfcrs madc with the Honolulu termi- 
nal. The frequency rate of change with respect to the USNO MC was +45.7 x 
10 - I 3  . 
A Control Message to advance by 50 microseconds 2nd to increase thc frcquency 
by a nurnber of major divisions was sent. No C-field setting was specified as 
i t  was not known at  that time. UnCortunately, the frequency was changed by too 
great an amount. Additional messages were sent and since September 1, thc 
difference USNO MC-GMOG/Cs 529 has been less than 1 rnicrosccond. 

A s  an cxnmplc of thc bcst casc is  the plot of USNO MC-OFUT/Cs 447 at  Okinawa 
(Fig. 12). After m unexplained jump of approximately 6.0 microseconds in mid-- 
February, C s  447 has been very stable. Its rate of change in respect to the 
USNO MC, over 234 days, has been -2.9 parts in 10 1 3 .  The two portable cloclr 
measures made in April and October gavc r isc  to an unexplained discrepancy of 
approximately I 0.4 microseconds in the sense SATCOM time transfer-Portable 
Clock measurement. This difference, appearing also in the comparison of mea- 
surements made at Guam and Thailand, has not however appeared in any other 
comparisons of SATCOM time transfers and portable clock mcnsurements. The 
discrepancy is still being discussed ,and will be investigated furthcr. 



TIME 

TO: ?EFEREb?CF, STATION 

! 

......................................... L -- ........... --r 
Figure 9. Control  .hl.essagcs 



FREQUENCY 

TO: REFERENCE STATION 

GO NAVCOIY1MSTA NC3FO1,K VA 
BT 
UNGIiPSS / / N O ~ ~ C O O / /  
P.UJIJSTMRNT OF vNOP/CS 351 
1, DECREASE C-FIELD SETTING FM 7 0 0  CK 1kP0 
TO 696 CK 1302. 
2 RE& DATE/TTME ADJTISTMFVT PERFORPF9. 
RT 

FFQM: REFERENCE STATION 

Figure 10. Control Messages 







porarj ly  suspended to permit  c q u i p m ~ a t  modilisntion a t  Ukinnw:~. JTowt-sver, 
Loran-C (SS3) (lnt:~ as  well 3s t ime compxrisons between the ccsiurns :~tOhinaw:i 
are still being recciveil. Although not reclucc:ihlc to USNO MC, the data will 
indjcnte if 3njr jumps OCCl i r  jn either thc I,COXAk'-C skltion o r  in t21c 0hin:lwa cc- 
s iums num5ered 447 o r  538. 

Eventually, cesiums will hc inslallcc! a t  :rpprosim:ttely 2 3 SAl'CCjM t~rnljil:11 S ,  

cach of which will bc n prcc ise  t ime ri.frlr.encc slation, 

Thv iinnl output rr1 the :lutoru~:itic p r o c ~ s s i n g  is tilr 'I'irnc :<crvicc Announo~mrnt  
Serics  1 6 ,  issucrl every 1 0  rl:~ys. Tlic lrtsl figure ( Y j g ,  13) is of thc las t  is: ;u~. 
Wliilc Scries  If;, which i s  prep;~rrrl hy tlic IBM :>(iO/'40, htlgnn solply as  ' I  Sntcl-- 
1 ite C'omm~mjcxtion ti in^ ' r r , r l n s f ~ ~  l?~l)oi-i, it !]:IS (Lrv~loped in to  :I rcpnrl  of :I 11 
timjng information r e c ~ i v ~ d  f r o ~ v  l l ~ c  tc.rminnls (with t h e  cxt.ey)tisn of Lornn-C 
: ~ n d  Lor:~n-D) :tnd is ilislrfbutrti to rno1.e thrill ( is :~rg:1~11/?ti~)nr~. rl ' l i~l  (\at:] rcA- 
portr:i include d i rec t  co11ip:~risons mnric~ 1 w t ~ \  cr-1-1 ccsiums at t l i ~  t c r ~ n i n a l s ,  
television n-~c:isur.cment,s and mi crow,~vt. I?IC:I s . i ~ r v l r ~ ~ n t R ,  11111's 1'el3oi-t, :is LVCI I 
a:; thc other Annowrccments of the 'I'j~n{> Scrvjce, :11-r :~v:xil:lblt~ Lqmn rcilucst, 

As thc need for  grc:lter worlti-:vid~ syuc1iro11iz:itioii :~ncl  Inore l ' r c c r s ~  Timc RP- 
fercnce st:~tions jncreasc, s o  will i71c rccluirerncx~ts for f : ~  stt?~' cl:~f.it hand'ij 116, r c -  
tiuction :~nd clisscnrinatiori o l  Prl"l'l tl:it:~. To fulfill lllosc? r~cyuircn?ents,  thc. 
USNO has  bygun u:;lng autoiz-~ntic dat:i PI-occ:ssjng in lh~ s f i  cllct. '1'11~ proxr:lm l o r  
which the ncfensc S:~tellitp C~nlmuniculiori :;y stcm serv t i 1  :is Lhc nuclc-us, is 
cu r r i~n t ly  being cxp:incle~l :1nt1 soon will bc :thle to process ,111 data rc~c(~ivcd ,  in- 
cluding VT,F :tnd 1,orari-C: nnd I ,or:in-TI. 

Crctljt is due to Mr.  1'. E. :,loycl who or)cr:iL~s thc L&hT 1800 and J13M 3F;O for 
these progrgms and to M r .  T . T. 'Tjllt:r-y ~vho (lid t21c Id t e r ing  I'ot* thc figures.  





QIJESTION AND ANSWER PI1:RIOI) 

I DR. WINK LER: 

Thank you, Ms. Fisher. 

1 Questions for the paper, please ? 

ENS WHITE: 

Is  the observatory's current position to assume the kind of cloclc control that 
you demonstrated for  the SATCOM terminals and to extend i t  to other organiza- 
tions? Say, control over a cesium that we might have a t  one of our sites ? 
Are you in a position to assume thc control of that in t e rms  of adjustments and 
one thing and another. 

I MS. FISIIEK: 

I would defer that to Dr. Winkler. 

DR. WINKLER: 

I cannot commit ourselves without knowjng exactly thc situation, and I would like 
to invite you fa r  a discussion on that. The possibility exists,  technically, be- 
cause the system is designed a s  developed by Ms. Fisher  to handle 30 messages 
a day o r  100 messages a day. It doesn't makc any difference in that regard. 

The greatest problems which exist a r e  in training; sign convention, for instance, 
is a major headache for us. It does require a considerable amount of training. 
I think we have to a t  least initially take into account the human interface. That 
is why we appreciate having so many actually operating people here in the 
audience, so we can get into some direct contact. 

I think after  that has been established, after we have collected considerable 
experience, we will have a very smoothly running system. 

There is another question. 

MS. FISHER: 

I would also like to mention that any kind of analysis of e r r o r  on any of these 
transfers  is not gone into yet. We a r e  only establishing the system. It has 
only been started since March of 1973, and i t  i s  just now being done by the 
computer. 





MS. V;SF-IER: 

I tlzjnlc there i s  going to bc anotller p:l.pcrb lator, on about t h c  Drfense Satellite 
Communications scherlul i~~g,  in precise t,iinc: t rbanskrs .  'l'he systc-m wi l l  be 
vcry goocl, n70rirI ~v ic le ,  but wc do hnvt? the pl-oJ,!cms 01 scl~edulinlr;, 2nd the 
prec ise  time t~~nnsfe1.s art: vc+ry i:)w prior i ly ,  unfortun:~tcly. 

Therc is another. coml-ncnt that  I mwnt to intelaject 31ci.c~ :~nt l  tha t  i s ,  ; ~ t  thc 
present timc tI7cr.r aye roughly 28 sakeliite gl-ountl stations L ~ ~ X I C ' I I  :IT OL' will 11r.3 

:~v:liiablo. Out of ihcsc SH, T)CI\, :)nit !.hc :;ercice:< l~rrvc :~ppr~ovc~cl 10  desjgn:itrtl 
stations to serve, i.1) :~ddjtion to Ilieir t:eg~~i:l-t- usc :IS j)i>ecr'se ti-rnc ~.cIcr*itncp 
stfitions . 

H o ~ v c v c r ,  since i t  -is ;srr opcir,ation:~l ~ys tc rn  v,i)lich nti l jzcs jn :I piggy-1)ack wriy a 
ctln~rrlunic:ttions systpn:, n gi~,.::nt.ii. i:onllmunication s y ~ t c i n ,  [YC ?IIIXS~: I)~'c"s~:'vc 
tlie utmost IEcxihility . 
But we ~ v i l l  k>c in :I p;osition to sci'.vFc, to provlcle rir:?c sc~vicr .  wht~reve~:  thc 
:letion is, l~ecause t11:it is ~ \ ~ h c i ' ( ~  illr re?.min:iI is ~('illn::' to 1 ~ .  

MS, FISHER: 

Any more qucstinns '.' 

MR. MIrl'C'HLI,1,: 

Yes ,  

In Ihe u3emote loc:~tion th:cl h ~ v a  lo!e.il! j s  ir:, ant1 c.)u-. 111:221 seu-c7icc i s  r:ltl~c.i- poor. 
out tllerc - -  

DR. WTNII;T,EK: 

It is poorb here, too. 



MR. MITCHELL:  

Well, due to thc cornbination of i t  being poor here and worse out there, we a r e  
receiving the bulletins rather  latc. 

Has any consideration been given to having a teletype feedback on the data, 
rather than having to wait for  the service bulletin to come out?  

MS. FISHER: 

As far  a s  I know, you a r e  the f i r s t  one who has brought this up. I don't know 
whether it  would be feasible o r  not. 

DR. WINKLER: 

I think i t  would be. As in everything else wc do, we need requirements, we 
need documented requirements. I would encourage you to gct it into your 
channels. I think the possibility exists, but we nccd requirements. We used to, 
three o r  four years  ago, have our Serics 4 daily phase values, on composite 
broadcast transmitted twice daily over some 35 frequencies, worldwide. Now, 
that was instituted based on the requirement whjch wt; got a t  that time, and our  
evaluation of these. We think that it  was a very good idea. 

But after a half year,  when we had to document how many people were still 
using it ,  we could not justify the continuation of that service. 

So, i t  i s  always a question of documenting your requirements, and 1 would only 
encourage cvcryone who feels that our  service should be improved to let us 
know in writing, please. 

MS. FISHER: 

I might also mention one more thing to the gentlemen from Kwaj:tlein. It was 
due to yoilr suggestion, that we incorporated in the reports some of the other 
cesiums a t  SATCOM terminals. For  example, I think you asked, since you 
were transferring with 550, if we would report the time difference between 
master  clock and 550. As you saw on the last  slide, we just started. I think 
maybe two o r  three issues ago, we started to include, for example, detachment 
Charley, the two cesiums a t  Okinawa, and the two cesiums a t  Camp Roberts. 

We do appreciate any comments from anyone who is using the data, and any 
suggestions that you might have. 



I think we wjll have to move on. Thanli you, Ms. Fisher. 

1 would like to call now on M r .  Ilobcrt Enston, to givc u s  his paper on Subrnicro- 
second Time Trans fe r  bctweell thc 1Jnited States,  IJnited Kingdom, and 
Austrn Iia via Satellite. 

M r .  Easton, please. 




