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The Navy's Precise Time and Time Interval (PTTI) program concerns many systems hav- 
ing to  do with communications, navigation, and other time-coordinated activities. To 
assess the ability of the current PTTI research and development efforts to serve these 
systems, a test bed is being established. The Naval Communication Station at Wahiawa, 
Hawaii, was selected for the site because of its involvement in or proximity to  a number 
of activities that are either dependent upon the Naval Observatory as a common refer- 
ence, or could benefit from the presence of accurate time and frequency standards. 

A prime goal in the effort is to develop a repertoire of techniques and equipment that 
will permit cornrnunications facilities to be served most effectively by their ties to a 
common time reference. The test bed will provide guidance for the implementation of 
precise time and frequency discipline at other facilities, 

One product of the test-bed problem will be an assessment of the accuracy of the time- 
discipline chain from the Observatory to  each level of use. While it is possible to estimate 
potential accuracies from equipment and media characteristics, the practical accuracies 
attainable in an operational environment must be verified or ascertained. 

Current Naval Research Laboratory (NRL) test-bed development work is being done under 
Naval Electronic Systems Command (NAVELEX) sponsorship with financial support for 
equipment construction by the Naval Communications Command (COMNAVCOMM). A 
site survey at Wahiawa in October 1971 attended by representatives of NRL, NAVELEX, 
COMMAVCOMM, Naval Shore Electronics Engineering Activity (NAVSEEAPAC), and the 
Defense Comnzunications Agency (DCA-PAC) was employed to establish reasonable goals 
and to  acquire specific information about potentially affected equipment. The basic plan 
for the test bed was then drawn up by NAVSEEAPAC at Pearl Harbor. The plan was 
later modified to  make best use of currently available funds, time, and talent. 

The system of time standards and transfers involved in establishing a reference at Wahiawa 
is illustrated in Figure 1. In this sort of chain, where time transfers are not made con- 
tinuously, inaccuracies may be contributed by each tirne-transfer process and by each 
secondary standard. lnaccuracics due to the transfer processes are mainly functions of 
equipment and transmission media, while those due to  the standards depend upon rate 
inaccuracies of the standards and the schedules by which they are updated. 

Management practices can influence the accuracy substantially. However, if the time 
transfers over thc links from the Observatory to Brandywine and from Brandywine to 
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timc r e f  runco is jjassed t o  Wulilaw,~ ;IS soon ns it 1s recetvcd Iroln Brandywtne. It would 
be possible thrn lo clieck the Wahlaw'i standnrcl agattist thc Obscrvatory wltl-1 only the 
Inacciiraoy o f  thrcc t ~ m c  transfers. As\umttig an crror ot 0.1 ~nicrosccot~d  (,us) per trans- 
fer, the standard could bc chccked t o  w ~ t h t n  O 3 p\ of tlic Obscrvatory refcrcnoe. Theri 
assurr~ing a r,ilr errol of orie p , ~ t t  in 1 0 '  for t h r  Wnl-ilawa s t a n d a ~ d .  n once-pcr-weck 
i ~ p d s t c  with 0 3 ps 'lccuracy would keep the standard with111 1 pq of thc Obst't-vatory 
rofercnoe. 

Experience with the* test-htd c)l?cr3tton sho~l ld  yield reasonable working v:ilt~cs for thc 
various accur;icy factvrs* A f i g ~ ~ r e  of I ps for tlic Wahtawa standard, however, i s  not  
considcrcd optimistic. 

Most of the systems irtilizing tllc (?om~nunicntion Statiun (C'OMMSTA) refcrcncc- are 
locatcd in thc same building o r  nearhp, and may be fed tllrough transmission lincs with 
fractional microseco!-ids adtieci in;~ccur;icy. Any  system requiring the full accuracy of 
thc refcrctlor may bc c o n ~ p e r l s a t ~ d  for the sniall. fixed dclay of thc transmissiot~ linc. 
Most systems T L " ~ ] I I ~ ~ C  n o  correct io?~.  

Stabilization of the Kndro Transmtttlng F ' i ~ i l ~ t y  (R'rl:) d t  1,u.ilualcl would employ ,rrl 
add~tional  time transfer over ,xi cu~stirlg mlcrowavc link. The standards mainta~ned a t  
Lu:~lualei might also bc checked a t  rcduccd dcitlracy by n1o:litoring the Transmitting 
Facility's very low f'rcquency (VLF)  b r o a d ~ a \ t \  ,lt Wah i~wa .  ?'hi. receiving sitc near t11c 
Control C'entcr at Wahiawa co~rld be f'ecl by coaxial Ilnc. but pruh:lbly will i ~ o t  he im- 
pletncnted a t  thi\ t~mtl .  



The SATCOM facility at  Hclel-nal~o (Figure 2) not only acts as s link in the chain from 
the Observatory t o  Waliiawa, but also functions as a key terminal in distributing precise 
time to other satellite terminals in thc western Pacific. Using a pseudorandom-noise 
satellite time t r ans f  r technique, many Defcnse Communications Agency earth terminals 
arc being eqixipped for time transfer wit11 cesii~rn-beam clocks and timc transfer equip- 
men t. 

A cesium-beam clock at Helemario is its principal tirne standard. This clock is backed up by 
a disciplincd time and frequency oscillator (DTFO). Under normal operation, the cesium- 
beam is updated periodically by lime tr:rnsfers frorn Brandywine, Md., and the DTFO is 
slaved t o  the cesium clock. The DTFO operatcs indcpendcntly upon failure of the 
cesium-beam standard. 

Timing signals and standard frequencies are gencrated by thc two frequency standards and 
their time signal generators. An electronic counter js used for periodic checks of the time 
error between the two standards. 'Ihc counter also serves as a readout for the time transfer 
unit, which is used either with the riormal communications modem for  timc transfers with 
other SATCOM statiol~s, o r  with a specially designed time transfer modern for clock com- 
parisons with Wahiawa over a microwave link. Although it is n o t  illustrated in the diagram, 
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Figure 2. Helemano SATCOM time/frequency standard. 



the timu-transl'er motlcrn may bc used with tht: satellite tcrmilial to  11-lakc tirnc transfers 
with othcr satellite terminals that arc not equippuci with cornmtinic;~tiorls modcms. 

The time and t'requcr~cy refercncc m;~intuincd a t  tllc communication control cclitcr a t  
Wahiawa (Figl~rc. 3 )  is ;]Inlost identical to  Lhe SAT'C'OM fl~cility standarcl at Helcrnano. Thc 
only difference i s  in the switcliit~g srr;lngc~ilct~ts,  bccuusc th r  Wahiawa sti~ndurd docs tiot 
interface with a co~nr-nu~~icatiotis rnodc111. 

Note that thc Wahiawu rcferellce niay be clicckccl at a n y  tirrlc with thc ccsium-co~ltrolleci 
ret'ercliccs ol' H e l c m a ~ ~ o  anti L,~lal~~nlei .  This fact pivc!; cnch o f  the tlirct' time statldards ;I 

double h a c k i ~ p  fro111 statld;ir-ds oi' ~ p p r o x i ~ ~ l a t e l y  c~qual prt:cision. 

I f  the cesi~~rrl-bc.aln a t  1Iclc.1-t~ano sl-lo~\ld fail, for cxample, its TI'SFO would then becolne 
illat facility's local stul~tlard. I t  may hc. cotnparcd as often :IS r-ccluirrcl with Wahiawa, and 

indirectly with Lualualci, to tnailitai~l the rcquired time accuracy. Thc Helrrnano Drl'I;O 
nnay al:;o perforrn the f'i~nction ol' transfer sl;rndurd hc tween Bratidywine and Wahiawa wi th  
little: dccre:lse i n  accuracy i f  i t  is m;~intnix~cil fitirly wcll 011 freqiicncy and if tirnc trsnsfcrs 
are p;issctl along to Wahinwa soon af t rr  thcy are reccivccl fro111 Brandywine. 
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Catastrophic failures o f  the major tirning links may be handled in a variety of ways: 

A proloriged failurc o f  the Hclemano-to-Wahiawa rnicrowavc link could be handled, for 
example, by transporting an accurately calibratrd DTFO or cesium-beam standard frorn oric 
site t o  the other or  by simultaneously monitoring the VLF transmissions of Lualualei at  the 
two sites. 

An extended outage of the satellite lirlk to Brandywinc could be treated by reverting to in- 
direct monitoring via the OMEGA navigation system, or  thc VLF transmissions of Lualualei. 
The link could also be replaced by occasional flying clock visits t o  one of  the affected sites. 
A well established ccsium-bearn slandard, however, rnay be relied upon for a frequency 
accuracy o f  nearly ont: part in 10' and would gain or  lose less than a nlicrosecond pcr week 
after being sct adrift. I t  is cxpectcd, thcrel'ore, that clock transports o r  indirect monitoring 
would be used rarely, if a t  all. 

Examples of the methods of control and types of ecluipmcnt scrved by the frequency stand- 
ard at  Wahiawn are showri in Figure 4. S~newave signals are available from the standard at 
the usual frequencies of 100 kHz and at  one and fivr MEIL. Other available signals are one 
pulse per second, a once-per-second time code, and a one-MHx square wave that is coherent 
with the one pulse per secorld and Lirne code. 
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It is hoped that a sta1td:ird distribution form;rt can he dcrivcd f'ronl experiorlct: with the 
scvcral ~norics t o  be ernl~1oyt.d i n  tlir tysl bud. The tilne codc is designcd to be crnploycd i n  
a number 01' wiiys. A r ~ : f c r c n ~ e  r~i:~rki-.r ;it thc beginning anti subsequent rcferetlcc ~eiltiircs 
pcrmit cclilipment t o  he  syric.111-onizctl to a rcsolulion rictcrrnined largely by the bundwidtli 
of the propagation r~~ciliirin hctwccn thc time signal gi.ner:~tor arid the ~ 1 s t ~  systcrii. Thc cc-idt. 
also givcs, iri suri;~l digital form. ttir ~ O L I ~ S .  i n i ~ i ~ ~ t c ~ .  ;iild sec'or~ds of' thc time of day. Data 
ratcs wrrc sclcctcd to pernlil t l~eir  tt'a~lsmission ovur norrnal voict. circuits, altllo~igh 
resolution is lir-n~tctf when sucli small bdndwidths arc uscd. Furthcr encoding once cacjl 

rniniltc pcr ln~ts  a~idlblc. r t . c o g n ~ t i o ~ ~  of' thc ni~liutt, and sccond c~ f  tlic hour. 

A remote clock has been ticsig~icd I'or ~ l s c  with the tirric code in varying degrees of sophis- 
tication. As a rnininium l'unctioli (and at rninin1~1r-n cost) the  clock would sirnply read the 
codc and dispiuy the til-nc of clay i n  t~ours  and minutes; o r  hours, rninirtcs, and seconds. An 
option will pcrrnit the clock to initiatc ail opera ti or^ precisely at any selectcd second of ' the 
day. Inclusion ol'a cor~trolled o s c i l l a t ~ ) ~  or  11s~' of 311 t'xfcrl~al I-MIlz standard f'requcrlcy 
in another option would allow the clock to initiatc an operation at  prcciscly any micro- 
second of thc  d r~y  and to provide a f i xcd  c*ompcnsution f'or trar~smission line delay. ?'he 
options employ printed-circuil cards alrcady drsigticd for the tirnc signal generators at 
Hclemano and Walliawa. 

The time dlsplny and progri1mmer showri in the crypto area uscs still another scheme to 
prodilce 011-titile output .  I'hr I-HL envelopc of the tulle code IS treated ss u n  input 
f'requcncy. Thc 011-tirnr Ic,~d~tig edgec of the codc ‘ire counted t o  gencrate a parallel output  
which i s  dcbcodrd to drive a ttmc-of-day display. A pas,illcl comparator gcrlcrates a n  o ~ i t p ~ l t  
pt~lsc when thc tirile of ctay entered into a set of t hu r~~hwhec l  switches is reached by the 
coiintcr. The t~rnc ~ o d c  that t1rivc.j the devicc. IS  alco dctccted a n d  updates the countcr if it 
disagrees with the  time code 

T~rr;lng signals froxn the W;ihi,~wd stsndard will hc t r ,~nsm~t t cd  tu the orypto arca throirgh 
light-p~pc ecluipment under dcvclopment by the h a v ~ l  F l r c t r o n ~ ~ s  Laboratory C'entcr 
(NELC). DTF oscrllators and autoniatic, iwlt~I1111g t.cli~~l)rr~cnt will p rov~de  rel~able standard 
frequencies to run the equiplilent. wliilv the tirnc tilsplay and programmer will provide 
precicc t i m ~ n g  cvcrits for equiprilent syncl~roi i~rdt ion.  

Thc cllannel packing program will be ier-veci by \pec~al  tllning generators t o  maintain 
accurate ratcs. ' lwo DTF oscillatcu-5 will provide a reliable refcrcnce t o  control ttic rates 
and wlll rnain(ain ,111gnment wit11 ir\pci.t to  '1 one-[?~~lsc-per-ecco~~d eig~ial. 

Although it is not  schediilcil for thc l?rcsi*nt test b c ~ l  install:rtion. provisions car1 easily be 
rtlade t o  monitor the frocluency ancl t imins of V L r  and  high-frequency (HF) broadcasts 
fro111 tile radio transmitting facility at Lt~alualci. When tiriling is eventually added to the 
keystream of the  VLF transmissions, i t  rrlay be uffectively rilo~litorcd and disciplined by 
Wahiawa, which is relatively free of unbalanced p i ~ k i l p  fro111 the two towers of Lualualci. 



Frequency dividers will Ire provtdeci for tho tcst and calibration facility :it Wahiawa. Test 
signals of I MHL and 1 kl  lz will t ~ u  supplieci. 

A ptlot tone-generator will provide :in acc~rratc 90 kHz frequency t o  disciplinc a microwavc 
link network. 

The avarlability of an accurate tir-ne and frcquency rcferencc a t  the communication station 
will permit cquiprnent and systcms to bc simplificil by rclicvrng them f r o ~ n  indcpcndcntly 
having to  establish a n d  maintail) time and frcquency accuracy. Among the potential 
beneficiaries arc thc Fleet ('cntcr, which could iise prcctsc message dating equipment and 
time-of-day displays, an t i  the 'TAC'SAT comnlun~cations systorn. 

The reccivcr site illustr;rtcti in Figurc 5 is not currently scheduled to  be a part of the tcst 
bcd, but could bcnefit by standard-frcclucncy distribution to drivc the I'recluency synthe- 
s i ~ c r s  of its reccivcrs. I n  this application, spectral purity is important, becausc a r~oisy input 
tnay produce a noisy oiltpilt. 

The DTF oscillators at the receiving site mukc the site independent of the control-center 
standard during any distribution systcrn failurc. They also provide spectrally clean signals 
to the receivers, evcn ~f the lint between thc control ccntcr building and the receiving site 
picks up some n o w .  

Accuracy is dcgracied gradually after thc U'T'FO loses its rcfcrence. llurtng a distribution 
system outage, an unattended DTF oscillntor would maintain a frequency accuracy bettor 
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than onc part  in 10' fo r  20 rluys. 'l'liis r .x~>ccds the  rcq11irclncnts of t h c  rcceivcrs t,y a 

sizable margin. Onc  pr ;~ct ic ;~I  advitntage o f  a distr ibution systcl-n ol' this type is thc  cliliii~la- 
t ion ol' r-n;l ir~tcnii~~cc otherwise rcil~iir,'d to calibrate ni1rnt:roils irldivitlual frcqucnc-y stall- 
ti;~rds. As  in tile control  ccnlcbr, stal~clard l'rn.qi~cnc.y tcst tones  :]nil  s i g ~ ~ a l s  may  1~1: easily 

pruvidcd f o r  frctlucncy cc-runtcr.~, \i211al gc)ncrators a ~ l d  o t h e r  f r c q ~ ~ u n c . y - r i r [ - r c ~ ~ c l u ~ ~ t  
instruments. 

T 
I h c  t ransmit lcr  si te (F' ig~~ri .  b )  11i;tv I ) c  L > I - C ) I I ~ ~ I L  I I I ~ ( ~ C I  tlii' gl~id;lllc'c of tlic NAV('0MMSTA 
timc and l r e c l i ~ ~ ~ l u y  rcfcrrnc,e a t  Wallia wa t l~roi lgh timi' tr;ir~sl'rrs over all cxisting I I I ~ C T C ) W ~ V C  

l ink h~,twet,n thc  t w o  sites. Only  otlib addit ional  tirllc trar~sl-r.r 111odc11l w ~ ~ l d  be I I C C ~ L ' ~ .  

I ~ e c a ~ ~ s c  W;ll~iuwa will ;~lri.ariy posspss such ;I titlit f01- t i l ~ l e  ~ T ~ I ! ~ S ~ ' C T S  ~ ' i l l l  I-~CICIII;IIIO. 

One oi ' thc t w o  C C S ~ L I I ~ I - ~ C ; I I I ~  frequency sr;:ndnrds th:~t n o w  c.olitroi t he  VI..F trans!nittcr 
woulcl he l-novvri to thc L:ral~~:ilci microwavi* terminal ani l  survt. ;IS tllc transmitt ing f:icility 
r c k r e n c c .  Each tra11slnittt.r huil~lirlg o r  h t l i l c l i ~ ~ ~  willg wu~ilct cont;rir~ a UrI'I:0 tha t  is 
disciplined b y  t hC  rrl'erencc. 'Tra~lsrnilter- spi,ctr;~l p ~ ~ r i t y  allrl aciliracgi I - cqu i rcn~cn~ . ;  urc 
simil;~r tc.1 thosc of thy rtccivcrs. 

f3ccause o f  thc  I;rrgc dislunccs I > C ~ W I * ~ : I I  buildings ( a  ~rl i lc or lllvre in sonic casts). a n d  ttlc 
very str(31lg ! I ~ ~ I - ~ ' ~ C " ~ ~ ~ I ~ ? I I C ~  ~ I~~( rc )111 :1gne t i c  i'iclds I)TUSI'I~ t t l i r ~ i ~ g h o l ~ t  the  si te,  d i s t r ib~ l t ion  
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by coaxial cable could be both cxpcnqive and noisy. Current plans are t o  distribute the 
reference via low-power ultra-high-freclirency (UHF) signals broadcast from the site of the 
reference. A lJ1lF transmittrr at the, VLF site, the location of the othcr ces~urn-bearn stan- 
dard, could take over during any cxtcndcd oiltagc of thc transmitter facility reference. 

A format for the UI1F broadcasts has not yet been choscti. A standard-frcqucncy signal, 
alnplitudc- o r  frcquzncy-nioduliiting the Ulil: carricr would scrvc all of t11c translnittcrs 
except for thc V L F  and could be t'iltered rl'l'rctivcly bcc:~iisc of ~ t s  narrow-band nature. 
Howevcr, the V L F  transn~issions must be controlled in time, and a tirric code is prcfcrrcd. 

Ilistributton of'slandarcl frcquencirs within thc transnlittcr buildings by light pipcs t o  avoid 
ground-loop problen~s in thosc high-l'ield arcas 112s been considered. 

One of the first considcrutlons in the i~ilplcmcntation of any distribution system 111ust bc 
the consequences of its failurc. A failure that would cause only a morncntary mall'unction 
of one uscr system might be catastrophic to another. The momentary loss of a standard 
frequency to a radio rccclvcr, for example, rniglit cause it t o  miss a few bits of data or  a 
word of speech. 'Thc same momentary loss t o  a timing systern coi~ld render it i n a ~ a r r a t c  
forever afterwards. There arc users subject t o  all degrees of inconvenience between thcsc 
ex trenics. 

The crypto-equipmefit at Wahiawa is a group of systems for which continuity of statidard- 
frequency input is important. A passlvc nuto-switch shown in Figure 7 has bcen designed 
to provide that continuity by selecting an avallablc signal from onc of two input lines. The 
switch is passivc in that it operates co~iiplctcly from power supplied by tlle input signals. 

One signal supplies the output and suppresses the other signti1 channel. If thc first signal 
fails, the second channel bccorties active and suppresses the first. The switch can be 
nlanually set t o  eithcr channel, providcd that it has an tnput of' sufficient amplitude. Loss 
through the activc channel is approximately three decibels ( d B )  at one volt root-mcan- 
squarc ( rn~s ) ,  and thc inactive channel js suppressed approximately 25 to 30 dB. A s l~ght  
discontillujty occurs at the instant of switchirig, but  should not amount t o  more than a few 
microseconds. 

Figure 7. Passive autoswitch for timing applications. 

L 
r DTFO 

STANDARD 

* L 
r n 

FREQUENCY~ 
IN 

FREQUENCY 
OUT 

AUTO- 

- 
STANDARD 

b 



The diagram illustrates one possible use of the switch. Under normal circumstances, the 
standard frequency input is routed through the switcll. But if it fails, the DTFO output is 
channeled through instead. 

The test bed effort has required thc development of a number of new equipments, which 
are now in various stages of completion. The baud rate generator illustrated in Figure 8 
produces basic frequencies t o  discipline a microwave system, the channcl-packing modem, 
and a digital communications system. Thc microwave pilot tone and the basic channel- 
packing frequencies are maintained in alignment with a lPPS input. One or more baud rate 
divider amplifiers driven by the generator produce square waves of 75 Hz X 2n up through 
9.6 kHz with positive-going edges on time with IPPS. 

The status of the generating system, which includes a servo-controlled crystal oscillator is 
displayed on the front panel. Normally, the reference for the check is lPPS, but the 9.6 
kHz reference may be selected for a rarely required maintenance procedure. 

Battery backup is accommodated in this unit as in all other critical equipments for the test 
bed by provision of a connector for an external battery and appropriate automatic-internal 
switch-over circuitry. Nominal battery voltage is 24 volts, while some units can also accept 
12 volts. Normal operation is at 11 5 volts 5C-400 Hz. 

The crypto-equipment is driven by a specially shaped 100-kHz square wave that is produced 
by amplifiers of the type shown in Figure 9. Each amplifier has 12 outputs; each of which 
can drive one or two machines. This unit can accept battery backup a t  12 or 24 volts. 

Distribution of the time code, IPPS, and the timed one MHz is provided by the line driver 
of Figure 10. The unit contains four independent amplifier cards, each containing three 
output amplifiers. The inputs and outputs of individual cards may be rriadc balanced or 
unbalanced, by switch selection. And high impedance or 50-ohm inputs may also be 
selected. 

Figme 8. Baud rate generator. 



Figurc 9. Distribution amplifier for crypto equipment. 

Figure 10. Timing signal distribution amplifier. 

Time transfers between Helemano and Wahiawa will be made with thc time transfer modcrn 
(I7jgiire 1 I) .  This unit employs a pseudo-random noise code as a vehicle for effectively 
sending very short pulses from one site to another. 

The modem is capablc of operation over satellite links as well as fixcd nlicrowave links. 
Input and output are at a nominal 70 MHz, but a baseband interface is also provided for 
operation with certain link equipmcnt. Bit rates from 1.25 MHz to 10 MHz may be 
selected to match bandwidth availability. 



Figurc 1 I .  Time transfer mocleiii. 

Since the modern may be opcrated at  a large bandwidth , ~ n d  below the level of intcrfcring 
signals, the modem rriay bc uscd In  a lightly populated clinrlllcl without significant rilutual 
interference. This rriodc of opcmtion has been used on the satellite links. For the litze-of- 
sight microwave circuits in Hawiui, however, the channels are Ireavily occupied; and the 
rnodem spectrum will be reducetl in width arid contcrtcd t o  a lightly occupied region of 
the channel. 

The time-transfer modems are irsed wit11 tirile-transfcx. unitq in a two-way process that 
cffcctively cancels ou t  the propagat~on tirne, and therefore gives direct clock comparisons 
without requiring a distance correction. Accumcy i q  i n  the order of 0. lgs for all bit rates 
and is limited primarily by the readout resolution of the counter at  the higticr bit rates. 

The remaining units desigxicd for thc test bed, including the time sigrial generator, the time 
display and programmer, the test-signal interface, the au to  switch, and selector switch 
panels are currently under construction and should be completed in about a month. 




