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The t'rruision 'l'ime Distrib~rtion Systctn (PTDS) : ~ t  thc C;oldstonc Deep Space C'olnmi~nica- 
tions C'omplex is a practic*al i~pplication of existing technology to the solution ol 'a local 
problem, The problem was t o  sy~iclironizu I'o~lr stalion tinling systems t o  a luastcr source 

with a rclative accuracy consistently ant1 significal~tly bcttcr than 10 microseconds. The 
solution involved cornhining a precision timing source, an n~rtomatic error detection as- 

senlbly and a rriicrowavc distributioli network into a n  operational system. Upon activn- 
t ion  of the corrlpleted PTDS two ycars ago, synchronization accuracy at Goldstone ( two 
station rclative) was in~provcd by s n  order o f  magnitude. I t  is fclt that the validation of  
the PTTIS mechanization is now con11p1ett.d. Other facilitics which havc site dispersion and 
synchronization accuracy rcquttemt.nts similar to (;oldsto~~c nlay find the P'I'L3S mechani- 
zation ilseful in solving thcir problctll. At prcsent. thc two statior, relative synchronization 
accuracy a t  (;oldstone is bctter than one r-nicrosecond. 

a The neccssity for  dcvcloping tlic PTDS evolvcd from thc basic ri~ission of the Goldstone 
Complex. C;oldstoac stations have been assigned the responsibility of'obtaining telemetry 
(tracking) from deep spacc probes; i.e., those spacecraft which operate a t  distances and 
beyond thc moon's orbit. Irr 1958, when the first dccp spacc probe, Pioneer 111, was 
tracked by Goldstone's 26-metcr antenna,  tracking ended when the spacecraft transmitter 
failed at a distance of  just over 100,000 km from earth. R y  1062, C;oldstone tracked the 
first Venus probe at a range cxc;eeding 30 million kilometers. 'Today, with the capability 
of the 64-rnetcr Mars Station antcnna, Pioneer X Is being tracked a t  a rangc of' ovcr 3 AU 
(approxiniatcly 450 million kilor~ioters). 

During the sarric time frame that tracking rangc capability rapidly increased, other space- 
craft and ground support functions had to bc it-nprovcd to keep pace. One of the most 
important improvement sequences was in the field of spacecraft control. For  example, in 
thc field of lunar exploration, the first series of probes transmitted TV pictures back to 
earth as the spacecraft descended toward s n  impact oti the lunar surf:~cc at a spccd ovcr 
8000 kilometer per hour. 'Tile next series of probes landed on the  surface at a speed of 
less than 2 meters ycr second. Af'ter landing, the spacecraft took thousands of frarncs 
of video, pcrforrncd simple chemical and mccliunical analysis cxperirnents and even lifted 
off the lunar surfacc and flcw 10 feut latcrally. All expcrir-nents were under direct control 
from earth, 
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In the field of planetary exploration, the first Venus probe in 15162 had a rriiss distance 
of approximately 35,000 km.  'I'ht. first Mars probe, launcl-led two years later, came withtn 
approxinlatcly 0800 km of the planets surface.' By 1969, in~provcmcnts in the control 
of spacecraft trajectory resulted in a Mars flyby witllitl 3400 ktn of the surFace.l In 
Novcrnbcr 197 1 ,  the most recent of  our Mars probes went in to orbi t around the planet at 
a planned pcriapsis altitude of 1050 km.2 Each of the advances in control capabiltty 
mentioned above required improved timing capability at  the tracking stations. 

The first precision Liming system at  Goldstonc uscd a crystal oscillator for a source. 111 
1964, crystal oscillators werc tcplaccd by frrst generation rubidiurns, and these were in turn 
replaced by second generation rubidiurns in 1967. Over a period of four years, oscillator 
accuracy irnprovcti from I X 10a' t o  I X lo-" . Tinling accuracy ir~iprovements, however, 

wcrc not the only advancements needed to handle the increasingly more stringent mission 
rcquirerncnts. Station timing synchroni~ation had to  be improvccl if the advances in 
osci1lc:tor accuracy were to  be utilized fully. 

Using HF radio, synchronization accuracy was gradually improved from a guaranteed 
two-station rclat~ve error of 5 rntllisecondq to an error of 1 ~nillisccond. In 19h7 the DSN 
startcd the Moon Bounce  experiment^,^ wlrtch rcsulted in an improvement to first 20 
microseconds and tllcn 10 microseconds for two-station relative synchronization for all 
DSN stations around Lhe world. Thc accuracy was further improved by using portablc 
clocks but this method was cxtrernely expensive and service was irregular. What was t~ecded 
was low-cost dependable systcm. The PTDS projcct was started as a result of this require- 

ment. 

The following goals were established when the Precision Time Distribution System Project 
was started a t  the Goldstone Ueep Space Communications Complex: 

Synchronize four rernotely located precision tinling systems to onc master tirne source 
with microsecond accuracy 

Automatically monitor and record system errors for later analysis 

a Use the existing communications system at  Goldstone lo reduce implementation 
costs 

The first step in translating the PDTS goals into an operational system was the design and 
building of the Conlplex Microwave Timing Source (CMTS) shown in Figure I .  The CMTS 
contains two major subsystems, the precision timing source and the error-tietection assem- 
bly. Design of both CMTS subsystems used off-the-shelf hardware to  thc ~ n a x i ~ n u m  extent 
possible t o  reduce cost and construction tirne. A b1oc;k diagram of the C'M1'S is shown in 
Figure 2. 

The Grst block represents a con~mercially available cesium oscillalor accurate t o  within one 
part in 10 ' '  or  approximatcly 0.864 n~icroscconds per day. The oscillator output  uscd 
is I MHz. 



Figure 1 .  Complex microwave timing source assembly. 



Figure 2 .  Complex ~nicrowave timing source block diagram. 

The 1-MHz signal 1s passed through a continuously variable 360" phase shifter. The phase 
shifter is used to  adjust the CMTS output  1 PPS within a range of 0.02 to 100 micro- 
seconds. Because of the 20-dB loss in signal levcl caused by the phase shifter, a tuned 1- 
MHz amplifier is used to boost tllc signal back to a level sufficietltly high t o  drive the next 

C 
stage with the required stability. 

Thc shaper-divider block first stage 1s a Schmitt trigger. The 1-MPPS train of square wavcs 
out  of the Schmitt trigger is coupled to standard digital divider network (+ 106) which outputs 
one pulse each second; the output pulse from the divider has a 50 percent duty cycle. 

The 500-millisecond pulse from the last divider stage is used in several ways. One output  
from the last divider is passed through a second shaper, a monostable multivibrator (one 
shot), t o  produce 50-rnicrosecond-duration pulses spaced precisely one second apart. This 
50-microsecond pulse is fed to the microwave interface, the sampling circuits and the delay 
counter (AT). A second output of the last dividcr is used to  drive the divider control block. 
The function of thc div~der control is t o  provide the capability for delaying thc output 1 
PPS from 0.1 milliseconds t o  1 second if required. 

T o  be of use, the 1 PPS must be distributed t o  all the stations at  Goldstone. Figure 3 is a 
map of the Goldstone Complex which shows tlie intersite distances and indicates the con- 
formation of the hills surrounding cach sitc. The hilly terrain around Goldstone site is ideal 
for providing the required KF isolation between sites. Several spacecraft are often tracked 
simultaneously by Goldstone, each by a different station. With transmitters operating at  
+60 to +70 dBm or  more and reccived signal levels ranging from -140 to  -170 dHm, RF 
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isolation is a necessity. The hills surrounding Goldstorlc sites provide 75 dB o r  better RF 
isolation between each pair of sitcs. 
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Figul-t. 4 .  Gu lds to i~c  uc.~il~piz?; map witti n~icluw:~ve links shown. 



about 200 rnctcrs apart via cdble tunnels.) 'The C'MTS is physically located in the communi- 
cations center and is coriricctcd to the microwave cquiprnent by short runs of 75 ohm coax. 

Referring to Figure 5, the I-PPS, 50-microsecond-dilration pulsc from the sliaper divider is 
appropriately attenuated and then transmitted to the complex intcrsitc microwave commu- 
nications system. The llotable itcriis in this completely off-the-shelf communications link 
are the signal degradation and systcrri drift. Figure 6 compares typical outgoing and return 
pulses; the outgoing pulse was takcn from the output of the line driver amplifier of one 
station channel and the return pulse was taken from the same station return channel video 
amplifier. For bascbands frcqucncies above '7.5 M11z thc rise time of the return signal, 
bctwccn 10 percent and $10 pcrccnt of the slope, was approxirnatcly 0.4 microseconds, 
which was quite adequate, as cornpared to the slightly less than 0.2 microseconds rise time 
for the input pulse. Both pulses are extremely stable and exhibit almost undetectable jitter. 
Early in the project bascbalids above and below 2.5 MHz wcre tried. It was found that 
baseband frequencies above 2.5 MHz, passcd the pulse equally wcll but significant degrada- 
tion in rise time occurred below a frequency of 2.5 MHz.. 

Dunng this projcct, careful rneasurcnlcnts were made of systcm drtft as evidenced by varia- 
tions in recorded round-trtp delay times. Drifts of up to k0.2 r-nicroseconds were noted on 
all three microwavc links. Since ttic changes were somewhiit cyclrc, ~t is believed probable 
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Figure 5 Precision time d ~ s t r i h u l ~ o l )  systcrri block diagram ( I  cha~incl),  
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outputs for 1 ,  2, 4, and 64 rrii~iutes are ~ ~ s e d  in the control logic. Each 64 rriiriutcs the 
prime sampling enable signal is generated, starting the sequence. Through Lhe control of a 
series of coincidence gates, thc round-trip ticlay tirnc of cach of the four stations is sampled 
in sequence and printed out  3 0  times in a 30-second period. The CMTS 1 PPS starts each 
sample count in thc AT cbunter, and the 1 PPS rcturncd from the station stops the sample. 
The sequence is completely autornutic. N o  identification is used to "tag" the counter print- 
outs since the sampling sequence is always the same and the wide disparity between round- 
trip times permits easy identil'icatjon. l 'ablc 1 gives the time frames and approximate 
round-trip delay times for each of the four stations monitored. A colnplele schematic of 
the sampling control circuits and the precision timing circuits is shown in Figure 8 for 
readers who wish t o  study the C'MTS in more detail. 

Table 1 
Tirne Frarnes and Dclay Times. 

*Delays are not actually figures, but are for use in  identifying the stations fro111 which sarnpks are taken. 

Station 

Pioneer 
Echo 
Venus 
Mars 

One feature of thc PTDS that has not been previously rncntioned is the clock reference 
for the cesium oscillator. The DSN Reference Standards Laboratory (RSL) clock located 
at  Echo site is the standard used by all stztions in the worldwide network. The RSL clock 
is continually rnaintaincd at  within * 2 microscconrls of thc National Bureau of Standards 
Clock-8. 

The CMTS asscmbly rcccives thc timing signal of the RSL clock by coaxial cable. The RSL 
also supplics a set of predictions of their best estirnatc of the diffcrcnce between the NBS-8 
and the KSL clock. By comparing tlie RSL daily predictions with the actual difference be- 
tween the RSL, clock and the CMTS oscillator, Goldstone has bccn ablc t o  maintain the 
CMTS a t  within + 2 microseconds of NBS-8. Thus, for the past two years, Goldstone sta- 
tions timing accuracy has bccrl maintained a t  within + 3 microseconds of NBS-8 and a t  
better than one microsecond synchronization accuracy from station to station. 

Tirrie Frame 

TO-T3 0 
Tho-T9O 
T120-TI50 
T180-T210 

Delay * 
(P S) 

94 
3.5 

58 
112 

- 





REFERENCES 

1. NASA Pocket Statistics History, Program and Special Kcports Ilivision, Executive 
Sccretariat, Nat ional  Aeronautics ant1 Space Administration, Washington, D.C., 
pp. A 28, A 35, A 62,  July 1072. 

2. "Mariner Mars 1071 Status Bulletin No. 22," JPL Internal Document, Jc t  Propulsion 
Laboratory, Pasadena, Calif., January 1 2, 1972. 

3. W. I t .  Higa, "Tirnc Synchronizatiol~ via Lunar Kaditr," lEEE Proceedings, vol, 60, No. 5. 
pp. 552-557, May 1972. 




