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Figure 1. The Naval VLF high-powered transmitting stations. 
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is shown in Figurc 2. This system differs significantly from previous control systems 
since i t  will provide for  not only phase control of both carriers but also thc time of  
transition. All of the driving signals and time references arc provided by a cesium-beam 
clock system which is coordinated in tjrne by the Naval Observatory. The input keying 
inforlnatioil is stored and retimed in the storage buffcr unit. The output  from this unit 
kcys the coherent FSK keyer, which providcs the signal for  driving the transmitter. The 
output  of the transmitter is monitored at  the antenna. Both of the carrier frequencies 
are tracked in the comparator. Tllc positive going-zcro crossings of these tracked frc- 
quencies are detected and divided down to produce 20-n~illisecond time streams. Thesc 
time streams are then co i~~parcd  wi tli a 20-mjllisecond tirne-stream reference froin the 
clock. 'I'he error signal between the clock strcam and the divided-down on-frequency 
carrier is used t o  phasc control all of the signals required by the storage buffer and the 
coherent FSK keycr. The error signal produccd from the comparison of the clock 20- 
millisecond stream and the divided-down off-fretluency carrier is used to  control the dif- 
ferential phase between the on-frcquency carrier and the off-frequency carrier. In this 
manner, an output signal format 1s produced as shown in Figurc 3. The positive goirig- 
zero crossings of the carners are lield on time. Selection of a particular cycle in each 
20-rnillisccond segrnent is ac~omplishcd In the digital division. 'The divided signal r-narks 
the poilit of phasc coincidence bctwccn the two carriers. 'This point call then be adjusted 
in calibration to  occur a t  any sclcctcd point iri thc FSK transition. 'The center point on a 
transifion was chosen to  provide an easily rdentifialrlc spot for systems employing dis- 
criminators. Once set and calibrated, the control points will hold to  within t. 200 riano- 
seconds of the reference clock. 

An expcrirnent was conducted using the block diagram shown in Figure 4 t o  determine 
the effects 01' noise on  the recovered clvck and to  rnake a comparison between a discrimina- 
tor  demodulator arid a coherent dcrnodulator. A conimunication receiver, BRR-3, was 
employed. In normal noncoherent opcration, the discriminator demodulator is used, but 
for coherent d e n ~ o d u l a t ~ o ~ ~  a s p e ~ l ~ l  dernodulutor unit was developed which demodulates 
the IF output fretlucncies and phase lochs the local oscilldtor In the BRR-3 receiver to a 
stable reference sotlrcc. The recoveled clock was compared in ,I phase rneter with the 
local clock and displaycd on a reuordcr A srmulated signal attenuated to thc nonrisl ex- 
pected input level was fed lrlto the rcceikcr alrci a VLF c ~ r ~ t c n n a  was also conrlccted so that 
noise conditions would be nearly tlic samr a\  tllcjsc ciico~:ntered when rece~ving an actual 
transmissron. 

Figurc 5 shows the results of thcse t e ~ i \  ~t thrcc lcvels of input signal with noise level 
essent~ally the same in dl1 cd\eC,. 'I'hc signal levri in the upper chart is equivalent t o  that 
norn~ally reccived in Wai;h~lkgton iror-n NI3h.  Kotr  that the width of the line in this casc 
is about 50 microsecond\ I f  the slgnai is flirther ,i\crnped, tcn microseconds can easily be 
obtained. 'This is sufficlcnt t o  identify tht: ~ v c l e  o l  tl!t .  tracked on-frequency carrier. Even 
though epoch timlng control has no! heen in\tnliud a t  the other VLF transmitters, the 
stability of the input keyir~g 1s 5ufficient to prodilcc periods of  15 to  ? O  minutes of stable 
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timing. 1;igure 6 s l~ows data takcn from tllc sigt1,11 receiver1 frorn NPG/NI,K at  18.6 kHz. 
'I'llc lclt portion of the graph shows t l ~ c  o11c-ration with t h o  rccciver's discr~lninator ancl t l ~ c  

0 
right portion of t l ~ c  graph shows tllc opcratiot~ with the coherent demodulator. l 'hc abrupt 
shlfts ill t l ~ c  linr wcrr ca~~sc r l  by change\ in the pliase of tlic offset freqlli.ncy. The 
straight portions of thc line indicate the stability crf the rccovcrcd cluck. These prclimi- 
nary data incltcatc that the systc111 will operate well for timekeeping purposes. 

NBA is expected to  bt: on thc air In January, and at  that time data should be obtained that 
will permit a Inore cornpletc evaliration of the system. 

PRECISION TIME AND TlME INTERVAL (PTTI) IN NAVAL COMMUNICATIONS 

As a rcsult of the applicatiorl of new technology, thc Naval Conlmunications Systetn is 
rapidly evolving into a high-speed digital network consisting of fixed, mobile, and itinerate 
users. Such a system portends m~~lt iplexrng hierarchies based lipon cornmand Icvcls, 
priorities, geographical locattons, and so on. A fundamental limiting l'actor in such a 
system is network timing and synchronization. Basic; t o  thc succcss of such a systcrn is the 
ability to define atid discipli~lc titrlc intcrval and timc-of-even t. 

The PTTl program addresses itself t o  the definition and coordination of precision time and 
tirnc interval. A comt~lunication syslelr~ may takc the fortn s l~own in Figure 7. Herc sev- 
eral comnlunication nodes or  functions are iuvolvcd. Tlicse nodes may originatc o r  transfer 

commnnication information and they rrlay opcratc in a one-way or two-way mode. 
Furtlierrnore, t l ~ c y  m a y  consist of  synchronous or   synchronous systenls. A rather complex 

situation is created wherein thc interlcaving o f  synchronous. asynchronous, high-speed, and 

low-speed data strearr~s n i a y  bc tt.quirrd. I n  addition, Lllc time rcqi~ircd for processing 
within the nodes, trallsit bctwecn the nodes, and variations in these time lengths must be 

considered. Unless a discipline is imposed on ttlc bit, frame, link, and network synchrotli- 

zation or  an intolerably large buffer is included, the system will be subject to a high error 
rate. The implementation of the PTTl conccpt will provide each nodc with a knowledge 

of tirnc coordillatcd from a single point, with an error which js small cornpared to the 
length of thc bit. I t  will also provide a mcans for thc precision control of tlic timing 
aspects of the station, which will rcsult in an ability t o  precisely control bit lcngths and the 

position in tirnc of code strealxls. 

A PTTI-coordinated cotrlmul~ication node may appear as shown in Figure 8. Bit tirning 

will be ctrordinatetl a t  each node so that as each bit is trarlsrnittcd by the node, tllc bit's 

leading edge will be synchroni~ed to coordinated time. Frame, link, and network lirning 

should be referenced to coordinated iimc and predesignated according to  operational 

constraints. Predesignation rnay bc made by preassignmen t ,  prcarnblc, program, 

hierarchical level, o r  opcratiollal decision. In any event, the reccrving nodc should be 

cognizant of the predesignated limcs so that code-stream presynchronizat~on rnay be 
accomplished relative to  tlie station PTTJ-coordinated clock. 
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PTTl implies that at caul1 co tnn~u~~ iua t ion  juncturc or node, a timc rcfcrcnce be maintained 
wli i~l i  is sufficiently st;lI>lc i l l  its lollg-tcrin average to provide a time oi'cvcnt in which the 
error is sr-nall relative to  tllc length of thc bit and t o  providc this timc ol'event even tlftcr 
considerable periods o f  n o  corntn~rnicatiori. The stability and synchronization of the local 
rel'erencc: clock are basic ruquircmenls. P7"1'1 assi.lrncs the ~ ~ t i l i z ; ~ t i o r ~  of any available 
rnctllod for sy n~hroniz;itic,n, i~lcl~rdilil: both activc and passivr systems (Figlire 0).  Ally 
trallsr~lission containing a cl:aractcristiu wlijcli call bc ic1crttific.d in timc can be utilizeci for 
time transfer allrl tlic s~rbscqnent sy~lcllroliizatioll of a local clock. Two-way systems havc 
;I capability I'or the corruction ol' propagation deli~ys. 'I'hc time-transl'cr aucllracy will be a 

I'unction of thc systcm prccisiol~. 'I'llc. accuracy of one-way sys1c.m~ will naturally be dcpcn- 
dcnt upon not only the procision o f  tlic systcni birt tlic predictability of the transmission 
del;~y as well. At the prt.sc.nt timt., the most accurate operational t-nuthod of time tr;lnsfcr 
over long distaliccs is tlirough tllc LISC'S Sutcllitc Systc111, wllicl~ c:ul provide coordinated 
time anywhcrc in tlic wc~rlcl to  I / IOtli ot 'a microsecond. Othcr  systems, such as Loran C', 
Vl,F, IIIIF, o r  1-11;, arc dcpcr~dcllt up011 the proximity of tllc. Lrsur to  the transmitter. The 
V1,F sys ten~,  for instat~cc, can provitlc coordinated timc o n  a worltlwidc basis Lo within a 
few microseconds. I t  is vxpected that all m:ijor areas, such as short-comm~~nications sta- 
tions, stlipyarils. o r  any major rcnciczvous point for ships, w o \ ~ l J  rnaint;lin high-precisio~ 
tirnc and would have the capability I'or the transl'er of this timu ovcr sliort dist;un~cs to 
rriobilc units sucli as !,l~ips or  aircraft. It n ~ ~ ~ s t  also ho rccog~ii~ccl  that tlic systclns which 
are utilized by the commilnication nodes have a capability I'or time synchronization (see 
Figure 8). Extraction of this information can be accornplisheci wit hot11 interfering with 
the normal colll~liunication aspects. 'I'hc ability l o  kccp titne a n d  to  control time interval 
is dcpc l~dc r~ t  upon thc stability and drif't rate 01' the rt~ferencc oscillators. Two basic modes 
of operation are envisioned by tllc I'TTI prt:)graili; ria~ticly, onc whicll irtilizcs a ric;lrly 
invariant standard, SLICII  ;IS the C C S I L I I T ~  l ~ l o l ~ ~ ~ l l i ~ r - b c a ~ ~ ~  dcvicc, ;r~ld one which utilizcs 
standards which have drift rates ancl which retluire updating, such as ~ r y s t a l  oscillators or  
rubidium starldards. 'I'he basic difference lies in the fact that  thc frequency or  lime interval 
wl~icll is produced l'rom a cesiutn t-nolrcular-bean devict. is based Lipon the statistical 
average of tlic actions of' :i nat111-al phetiomena which essentially remains invariatlt. Thc 

time iritcrval ill this case is known within otlc part in 10" and can be relied upon witl-lout 
rekrence to otlicr stalidards. 'I'hc time-error acc~rn~~~l: t t ior i  in such a system also varies in 
a striiigh t-line faslliorl arid can be easily prcdictc~l over long periods o f  tinit.. Crystal 
oscillators have inherent in tlicir mcclianic;~l nature, drift rates which arc affected by en- 
vironmental changes. Tllc rcquircd stability of an  oscillator used for PTTl purposes will 
bc dependent not only upon its irillcrcr~t drift rarc but  also on the l'recluency a t  which it 
can be rccalibrated. 

Figure 10 shows typical frequency drifts of v,ri-~o~rs frcqrlcncy/time references. Figure I 1 
indicates the accum~rlatctl tune crror wlljch would recult from Ihcse drifts. It  would be 
expected In a major comtn~~nica t ion  nodc, such as a sliorc comrnu~licatio~i station, that  a 
cesium molecular-t)t.am rc fc rcn~c  stiundnrd would be utili/ed as the PTTl wurce and a 
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distribution made throughout the station. Discipline time/frequency oscillators would be 
utilizcd at user points. Synchronization of time kcpt by the standard clock could be ac- 
complished by the most accurate o r  the optimum availablc method. Many COMSTAs have 
direct access t o  DSCS terminals. In thc casc of mobile units, means should be provided for 
direct synchronization with a rnajor node (at the beginning of the mission). 

One of the problems which cxists in PTTI discipline of communication systems is that of 
delays arising from cornmunication paths, instrument errors, o r  asynchronous systems. 
The solution t o  this problem lies in the ability to identify a predesignated time. Original 
broadcasts can be synchronized to start in a designated tirr~e relative to  the standard clock. 
When a transmission is retransmitted after reception by a second communication node, 
its beginning must be delayed in sufficient time to  account for any delays which occurred 
in the first transmission. One solution would be to  normalize transmissions so that they 
would bcgin only at predesignated points, for instance, at  each second. Another solutiorl 
would bc to  designate the transmiss~on start in accordance with the position of the node 
in the hierarchy. Since the transmission modes and pattcrns are known by the receivers, 
the precise beginning of message transmission from any given station would be officially 
designated. E ~ t h e r  of these incthods allows the station t o  presynchronize for any pre- 
scribed transmission. Network timing and synchronization can be made inherent in such 
a system, and the total delay involved in the transmission of a particular message could be 
reduced to  the optimum. Time req~lircd for synchronization, resynchronization, o r  syn- 
chronization during jamming periods would be greatly reduced o r  eliminated. The advan- 
tage of retiming can be readily seen from Figure 6. The error introduced in the transmis- 
sion path would be virtually eliminated when retransmitted from the following node. 

In practice, the PTTI system will provide to the cornmunication system a stable base for 
time-interval control and a coordinated reference for time-of-event control. It  will utilize, 

where possible, characteristics of the communication links t o  maintain or  verify the co- 
ordinated time. Under this system, a digital transn~ission would operate with all of its 
time-frequency aspects controlled relative to  real time. The beginning of the code 
sequences would be designated by the operational constraints and would be subject t o  
operational control. Such a method of operation permits the transfer of time t o  the nearest 
time increment through the communication, without interfcrcnce. I t  also allows users who 
need only thc time information the ability to extract it without the necessity of extracting 
communication information. Under this system many of the cornmunication links would 
be autornatic-position-location points which could be rcadily utilizcd by a tactical situa- 
tion t o  determine propagation distances o r  position location. 




