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The Naval Space Surveillance Center (NAVSPASUR) is an operational naval command that  has 
the rlzissiorl of determining the location of d l  rnan~nade objects in space and trans~nitting i~lforrna- 
tion on objects of interest to  the fleet. NAVSPASUR operates a 217 MHz radar fence that  has 9 
transmitting and rcceiving stations deployed in a line across southern CONUS. This surveillance 
fence provides rlnalerted detection of all satellites ovcrflyitlg CO NUS. NAVSPA SU R also maintains 
a space catalog of all orbiting space objects, i~lcluding payloads, rocket bodies and debris, and 
distributes information on satellite orbits to  the fleet and other users by means of Navy tactical 
communication circuits and other means. NAVSPASUR. plays an important role as operational 
alternate to the primary national Space Surveillance Center (SSC) and Space L)efenc,e Operations 
Center (SPADOC) loc,ated in Colorado Springs, Colorado. In cxecn ting these responsibilities, 
NAVSPASUR has need of precise and/or standardized time and freque~lcy i11 a number of applica- 
tions. 'Chesc include maintenance of the radar fence references to specilication, and coordination 
with other comrrlands and agencies for data receipt and dissemination. Precise time ant1 frequency 
must be nlaintairled within eadl  site to enable proper operation of the interferometry phasing tech- 
nique used. Precise time-of-day clocking rnlist exist between sites for proper intersite coordination. 
After 'time tags' are attached t o  the data a t  the receiver sites, proper referencing and standardiza- 
tion are necessary a t  the Dahlgren, Va. operations center to ensure proper data  synchronization 
and communications with the fleet and other agencies. 

Time as such is not required a t  the transmitters as presently configured because of the co~ltirluous 
wave (AO) modulation used. If possible plans to make the entire phase-coherent for VLBI operation 
arc implemented, this requirement Time is required at  the receiver sites with an accliracy at  the 
rriillisecond level. The basic timing accuracy needed is controlled by satellite kinematics that  result 
in a near-earth satellite velocity of about 7.5 kilometers per second. Planned sensor i~nprovements 
are expected to  result in an achievable sensor accuracy of about 50 meters. To avoid adding error 
the station timing should be at  least 10X morc precise. This results il-1 a required timing accr~racy 
of f 0.5 millisecond for an equivalent position error. of less than 5 meters. While this accura.cy 
is well within the currcnt state of the art,  i t  is not achieved by the HF WWV receivers used at 
present. HF timing suffers from unreliable propagation and can have errors of several xxlilliseco~lds. 
The planned installati011 of GPS timing will result in a. tirrling accuracy morc than sufficient for 
NAVS PAS UIL's needs. 

Frequency is presently precisely controlled. Frequency at  both transmitter sites (three) and rtceivcr 
sites (six) is controlled by cesium beam frequency standards, which rnaintai11 the 216.980 MHz. 
carrier f requ~ncy and all local oscillators within f 0.001 Hz. Spurious control on the transmitter 
emissions is -80 dBc or better. 



Phase may be c,onsidercd a, derivative of time and frequency. Its control within each transmitter or 
receiver site is of great importance to NAVSPASUR brrause of the opera.tion of the sensor as a,n 
interferorrleter system, with source direction angles as the prirna.ry observable. Determination of 
the angu1a.r position oS a satellite is directly dependent on the acmracy with which the dilrererltial 
phase between spaced snbarrays ca,n be measured at  ea,ch receiver site. Interferometer lobe widtli 
is a l ~ o t ~ t  11 arcminutes orr thc sky. The higl~  signal to noise ratio for rxlany satellites nlearls th;tt 
angular accurarics of 0.1 arcrninutes or less c,an be achieved. 'I'his corresponds to  a, phase angle 
acci~racy of allout 2 dcgrees. Since one 217 MHz wavelength is equivalent to about 5 na.noseconds 
of tirnc, a 2 degree pha,sc accuracy requires a,bout 25 picoseconds relative time control. Thus, 
NAVSPASIJK. has a retluircrncnt for very precise time control within the up to 2 mile confines 
of each site. If VLBI techniqiies are i~istitutcd i n  the Suture, between-sites phase control to this 
precision will also be necessary. 

NAVSPAS UR also attadles great importance to minimizing a quantity that rnay he called timeli- 
ncss. Tiirlelincss refers to the time interval required for processirlg and comlllurlication i n  analyzing 
and tsaxlstnitting: data to customers. While not customarily thought of as precise time, miriimiza- 
tior) of processillg delays is of great itnportance to the utility of NAVSPASUR's peris11al)le data 
prodi~ ct. 

Figures I and 2 show si~rlplificd views of time/frcquency/phase usage at NAVSPRSIJFL receiver and 
tra,nsmitter sitcs. Installation of dual-frequency G PS rec,eivers a t  all sites is planrlcd. This will serve 
several purposes. It will eli1nina.t~ the timing errors of up to  5 milliseco~lds that  presently reduce 
accu racy on fe~lce ol>servations. It will allow better calibration :LI~LI monitoring of t he performar~ce 
of our resiurrl beam frequency standa.rds. It will allow a direct correc1;ion for thc effect of the 
ionosphere, which c,auses a significant uncalibrateable refsaction error in our measured direction 
angles a t  present. 

Another irnporta,nt application of innovative technology is in the use of fiber-optics c,ables to pro- 
vide witliin-site phase calib~.a,tion. As mentioned above, N AVSPASUR requires rnaintcnance of 
carrier p1la.s~ to  within f 25 picosecorids throughout each site over a widc variety of environmental 
conditio~ls. 'l'he current tcchniclue, illlplemcnted w l ~ e ~ i  the raclar system was lirst catlstruc,ted 30+ 
years amgo, uses air-dielectric coaxial ca.libration cables, a r ~ d  has proven ur~satisfactory beca,use of 
wcll-known coaxial ccable stability deliciencies. Tliis problcrn is especially crucial at  our 11-lain La,kc 
Kickapoo, Texa,s transmitter site, so a fiber optics calibration design was developed for installation 
there [I]. Altllougli use of fiber optics for digital data tra~ls~nission is well developed, phase-stable 
distribution of an arialog signal required developlrlent of state- of-t he-art techniques. The hasic 
configurstion of the fiber optics system is show11 in Figure 3. The physicd layor~t of tlie Kicka.poo 
trans~nit ter  corlsists of a two-mile long array of dipoles, each with its own power amplifier. Fos 
c o ~ ~ t r o l  purposes, this array is divided into 18 bays. The phase calibration is applied a t  the b ~ y  
level. The basic requirement for the fiber optics system is t11;tt it maintain a phase stability within 
f 2 degrecs ac,ross all bays, over the expec,ted range of environmental variations a t  tliis north 'lkxas 
site. I t  must be relia,blc, easily ma,intainal~le and have an expected service life of at  1ca.st 15 years. 
Several operating modcs were c,onsidered, including active (closed loop phase cornpensation) and 
passive (o1)enloop operator adjusted) and cornparison at  the central site or a t  each bay. 'l'he pas- 
sive central site approach was chosen as providing adequate perforrnanc,e at minirnurr~ cost. It  will 
utilize existing phase monitor and control cqliipnlent and software. A loose-tube single modc opti- 
cal fiber rr~a~iufa.ctured by Siccor was chosen. Transmitters at each bay are temperature-controlled 
to minimize variations with temperature. 



'l'l1e above two projects are two items being undertaken as pa,rt of a colr~prehcnsive effort being 
undertaken under the directio~l of the Cornman,nding Officer, Capt. H.W. 'Jhsncr TV, to optinlizc 
the performanc;e of our sensor . Figure 4 shows the overall plan. Ernphasis is placed on utilizing in- 
house capability to  the n lax i r r~u~l~  extent possible. The overall p1a.n includes ernljhases i n  ir-nproved 
communications with other sensor sites and users, on irnproved sewor electronics and on il-nprovett 
reliability/~naintainability. Areas of paat ic~~lar  importance to precision till-~e/frequency/pl~a,sc in- 
clude i~nproved use of til-ne/frequency standards and irnproved site phase control. Tkere a,rc also 
several new i~litia~tives being undertaken in the central opera,tions center software tl-~a~t amre of irn- 
portance. These indude optimization of the softwaa.c 11scd to recluce observa,tions, compensation 
for the space environrncnt, inlproverr~er~t of the propagator used lor observa,tion ror-nparison, ancl 
an itnproved sensor perIc)~~~naucc tnonitoring system. 

The present complex routir~e used to  determine angular positio~l, known as AT>R, is being rewritten 
to  provide proper time ~ ~ n d ~ r o n i z a t i o n  betwccn sites used to forrn a triangula.tcd position. This 
will elirriirlate a differential timing error that could result in t11c worst case in up to Ti0 rnilliseconds 
rrlisalignrrlent betwccn observations. In addition, this rewrite will result in an optir~~ized extraction 
of all possible inforrna.tion from each pass, and should result for t he first time in signilicant single- 
pass ci-~~);~l)ility for NAVSPASUR.. Increased attentior1 is also being pa,id to calibration of the systeln 
phases via, software. We are using c e r t a i ~ ~  precision orbits that  are seen by the Se'ence on a regulu 
basis to calibrate system constallts including a.rltc.nr~a separations and station parameters. 

The ionosphcrr pcrturbs the apparent clirection of arrival, especially rtcaa* the horizon, by up to 
several arcminutes in a way that cannot be modeled well ;t priori. Usc of dua,l-frcqurncy CiPS 
receivers should greatly reduce errors fro111 this source. TJse of calibration sa,tcllitcs with a.ccnra.tcly 
ltnown positions can also provide a somewhat less effective alternative. 

The largest single error source for most low-altitude satellite orbits is the ~~nccrta,inty i n  the a.trno- 
spheric drag. NAVSPASUR is i~rnplcr-ncnting a, procedure using a Kalman filter sequential estimator 
tec,hnique for real-tiwe measurenlent and compensation of this elTect. This sl~ould result il-1 signif- 
icantly better performance and fewer lost sa.tcllitcs (UC:'l's), especially nndcr worst case or sola,s 
storm c,onditions. 

A final a,sca of irnprovcnlent is i11 the propagator used. NAVSPASTJR. preser~tly uses an orbital 
propa.gator developed by Dirk Brouwer in 1959. This propagator has an expected accuracy of only 
about 500 meters for near-earth orbit. A n  improved propaga,tor. when i~~s ta l l ed  sliould result in a 
significantly irnprovcd accura,cy. Sta,xidardiza,tio~~ of the propagators is an equally important issue. 
The surveillance community has suffereti from the existe~lce of dilferer~t software a.t different instal- 
lations that ,  while each capable of providing an adequate rcprcsentatiox~ of the rrlotior~ of a body, 
produce discorda.nt results when using arlotlier group's elements. 'l'hc? United States Space C:oni- 
mand (USSPACECOM) is presently undertaking an initiative t,o standsrdize these astrodyna,mic 
codes ancl c,onstants, in which NAVSPASUR is participating. This worlt whcn completed shoulcl 
ha,ve sig~lif ica~~t impact on the precision GPS or.bits used in much E'T'TI work. 

rl'hese initiatives when fully inlplemcntcd shoilld result i11 an  ilnprovement in our observationd 
accuracy fro111 the present 400 rlleters nominal to a goal of betwccn 50 and 100 ~neters. 

Tn summary, time and frequency refcrrncing will play ;L critical role in NAVSPASUH,'s rr~eeting 
future operational requirements. NAVSPA SU R is workix~g together with other T)oT) organizations, 
including TJSSPAC:ECOM, our pascnt Naval Space C:ornmand, SF'AWAR, the Naval Observatory, 
the Naval Research Laboratory and other naval coml-nands, as well a.s with such ~lon-DoD groups 



as NASA and the AIAA, to ensure optimurn use of time, frequency and phase in engineering our 
system. 
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1 - Transmitter block diagram 
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LAKE KlCKAPOO FIBER OPTICS INSTALLATION 
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3 - Fiber optics block diagram 
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4 - NAVSPASUR sensor development plan 


