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Earth Station Errors in Two-Way
Time and Frequency Transfer
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Abstract—We have investigated the earth station errors in 309-
two-way time transfer. A 3.7-m earth station and a very small ;
aperture terminal earth station were used in these experiments 307 | S SN N Ly A,
along with a transponder located on a mountain about 10 km 305 » —
away. The temperature coefficient of the receive delay for the
3.7 m NIST earth station was (150 + 30) ps/K, and the 303
temperature coefficient for the transmit delay was 50 £ 10) % 301 xKK" [ TvsAT
ps/K. The overall temperature coefficient for the earth station §g " —
was (1004 30) ps/K. Aside from environmental errors there & 299 4
are apparent changes in delay due to characteristics of the E 297 )(‘((\
modulation/demodulation scheme. Apparent delay changes due ©
to nonlinearity effects in the earth station were as high as 10 ns. 295
The errors due to code dependence and third code interference
were sometimes as high as 3 ns. 2931
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) . Fig. 1. Temperature of the NIST and VSAT earth stations.
HIS PAPER investigates some of the sources of path

nonreciprocity in earth stations. Nonreciprocity in earth o0, ,
station delays remains as one of the largest sources of error i
in two-way satellite time and frequency transfer (TWSTFT). 849530
We have measured the earth station receiver temperature e4ssz.s 4
coefficient of delay, as well as the earth station transmitter
temperature coefficient of delay. We have also found apparegt

64952.21

delay changes due to characteristics of the spread spectrigm 649618 N
modulation and demodulation scheme. “ eass14
64951.0 } t

Il. TEMPERATURE COEFFICIENT MEASUREMENTS

64950.6

A 3.7 m (NIST) earth station and a very small aperture 64950.2
terminal (VSAT) earth station were used in these experiments 500 1000 1500 2000 2500 3000 3500 4000
along with a transponder located on a mountain about 10 km Time (s) from Start Time
away. Two eight-channel data acquisition units were used fig. 2. NIST transmit+ VSAT receive delay.
record temperature data in real time during two-way sessions.

The common clock [1] two-way time transfer Sessions Wekgq|q also remain constant. Figs. 2 and 3 show the tempera-
conducted around midnight, when the outside temperatiyfe gependence of the TX and RX delays of the NIST earth
remained fairly constanti(1 K). Use of a stationary transpon-tation, The receiver temperature coefficient for the NIST earth
der allows the separation of receive (RX) and transmit (TX}ation was calculated to be-150 & 30) ps/K and the tem-
components of an earth station since the time delay measuggdiire coefficient for the TX delay was-%0 + 10) ps/K.

at station A is the sum of the TX delay of station B and the R¥e overall temperature coefficient of the earth station was
delay of station Aplusgconstant. The temperature dependepf@()i 30) ps/K. The overall temperature coefficient of the
of the NIST earth station’s RX and TX delays was obtaineq|st earth station estimated from a standard common clock

by raising the temperature of the NIST earth station whilg,, \yay satellite time and frequency transfer session using
the temperature of the VSAT earth station remained neagy,ral temperature variation was (8040) ps/K.

constant (Fig. 1). Since the VSAT temperature is constant

during the experiment, the RX and TX delays of the VSAT . A PPARENT CHANGES IN DELAY
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Fig. 3. NIST receivet VSAT transmit delay. Fig. 5. Apparent delay dependence on spread spectrum code for two-way

time and frequency transfer NIST minus VSAT. The NIST codes used were
TX=3RX=4,TX=4RX=3,TX=5RX=4,TX=1RX =38.

65599

65697

P'] r“ of operation of the satellite transponder. Satellite transponders

66698 usually employ traveling wave amplifiers which operate about
_. 65593 the 3 dB compression point. TWSTFT may be sensitive to the
€ 65691 M satellite transponder user load.
£ hw W
©  es589 1

IV. APPARENT DELAY DEPENDENCE
85587 ™ ON SPREAD SPECTRUM CODE
65585 The transmitter and receiver codes used by the motlems

were changed before the beginning of consecutive 5 min two-

way time transfer sessions between the NIST and VSAT earth

stations using a common clock. For the first run the NIST TX

Fig. 4. Apparent changes in NIST T VSAT RX delay due to compres- oq4e \yas set at 3 and the receive code was 4 (NIST 3,4). The

sion of the NIST up-converter. The input to the up-converter is decreased ahd .

then increased in 2 dB steps. other three runs employed the following codes for the NIST

earth station were: T 3 RX =4,TX =4 RX =3,TX =

5 RX = 4,TX = 1 RX = 8. The apparent delay dependence
5t the sets of codes used is shown in Fig. 5. The apparent
elay varied up to 500 ps for the sets of codes used in this

eriment.
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the VSAT earth station via the stationary transponder. T
70 MHz input power to the up-converter was set at 8 d
above the 1 dB compression point and decreased in 2 dB st
until the input level to the up-converter was 12 dB below

the 1 dB compression point. The power was then increased
back up to the value at the beginning of the experiment in

2 dB steps. The power changes occurred every 30 s and were
implemented with a rotary attenuator with negligible delay Code interference is encountered when more than two earth
change vs. attenuation. The power amplifier following the utations are involved in TWSTFT. These errors are due to
converter remained in linear mode of operation throughoaoherence among the earth stations participating in TWSTFT
the experiment. The transmit power of the earth station wg3]. The NIST earth station was configured to do common

attenuated to levels similar to those used in conventiomdbck single dish time transfer [1] through the stationary

TWSTFT. The apparent delay change in the (NIST TX transponder. Modem 1 was set to transmit on code 3 and
VSAT RX) delay is shown in Fig. 4. The changes in apparentceive on code 4. Modem 2 was set to transmit on code
delay were sometimes as large as 2 ns/dB and became v&@nd receive on code 3. The VSAT earth station was used
small below the 1 dB compression point of the upconvertgn transmit code five to the NIST earth station on 50 s

Similar results were obtained when the upconverter was iitfervals (off for 50 s, on for 50 s). In the first time transfer

a linear mode of operation and the power amplifier in thgession the transmitted power from both the VSAT and NIST
transmitter was driven into compression. The earth statiearth station were equal. During the second session the VSAT
was Oper?‘ted under gain compression .tO study the effects quhe modems used in this investigation were MITREX 2500 modems. The
compression on TWSTFT. An earth station used for TWSTFRbmmercial equipment has been identified only to allow other researchers to
is not operated under these conditions. It is important to knaiwplicate results contained here. Such identification does not imply recommen-

dation or endorsement by the National Institute of Standards and Technology.

the effects that gain compression has on TWSTFT becal&iﬁer commercial equipment may perform differently; in particular, it may

earth station users do not have control over the normal magemore or less stable than the equipment described here.

V. APPARENT DELAY CHANGES DUE
TO THE PRESENCE OF ATHIRD CODE
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14 during the course of a year when temperature fluctuations can
be as large as 50 K. Diurnal temperature fluctuations can be as
15 large as 15 K which would cause fluctuations in delay greater
16 than 1 ns. These errors can be reduced by temperature control
of the earth-station electronics or temperature compensation of
g 7 the two-way data. The errors in delay could also be measured
_E A8 34 3.4 with the use of a satellite simulator and the data adjusted [2].
F‘ 43 The problem needs to be addressed by all parties involved in
-19 two-way time transfer.
20 Apparent delay errors as large as 10 ns can arise from signal
distortion from nonlinearity in the earth-station electronics.
21—t 200 360260 500 685700 565 500 1060 1100 Nonlinearities could also be present in the satellite transponder.

The apparent delay dependence on spread-spectrum code and
third-code interference were sometimes as large as 3 ns. This
Fig. 6. Apparent delay changes due to the presence of a third interferi@rﬂ:ect would cause TWSTFT to be a function of the number
code. of earth stations participating as well as the codes used and
output powers. The errors in delay due to signal distortion,
code dependence and third code interference, are not caused by
changes in path length through the earth station. These errors
5 ! are a characteristic of the biphase modulator/demodulator used
3 W 3 in the modem. The chip period presently used in the modems

Time (s) from Start Time

is 400 ns and a 0.1% change in the correlation function
yields a 400 ps error. All of these apparent delay errors
17 should decrease with a higher chip rate. In present systems
2 6 6 2 improvements can be made by minimizing nonlinearities in
18 1 JOFFL, the earth stations and operating at consistent power. In critical
applications it may be necessary to conduct two-way time
and frequency transfers with only a pair of earth stations.
A consistent and careful approach to two-way frequency
transfer is required to minimize stability problems. It will be

Fig. 7. Apparent delay dependence on the code of a third interfering sigmalore difficult to minimize the errors in accuracy for time
10 dB higher than the desired signals. transfer
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transmitted power was 10 dB higher than the NIST transmitted REFERENCES

power. During the third session the NIST modems TX and R 1] C. Hackman, S. R. Jefferts, and T. E. Parker, “Common clock two-
codes were reversed but the VSAT transmitted power was still” way satellite time transfer experiments,”Roc. 1995 IEEE Frequency
10 dB higher. The results of this experiment are displayed in , Control Symp.pp. 275-281. . .

. . . . 2] D. Kirchner, H. Ressler, and R. Robnik, “An automated signal delay
Fig. 6. When the power of the interfering signal was equal™ monitoring system for a two-way sateliite time transfer terminal,” in
in amplitude to that of the desired signal the apparent deIaP/ Brog. E{g&)’g f{?rﬂgi?ggk?r?dggf iﬁ"éﬁ?@fié p&r]?ci—zg-read spectrum
change was a_bOUt 490 pS_. In one cage the apparent ‘?'e'%’ networks due to coherencegamong signalIEl’-_’EqTrans. Cgmmun\?ol.
change, for an interfering signal 10 dB higher than the desired 38, no. 12, 1990.
signal, was greater than 2 ns.

The apparent delay dependence on the code of an interfering
signal is shown in Fig. 7. The NIST earth station was setup
to do common-clock, single-dish time transfer through the
stationary transponder. The NIST modem TX code was ¢
at 4 and the RX code at 3. The transmit power of the NIS
earth station was about 3 dB higher than in the previol
experiment. The interfering signal was broadcast from ti
VSAT with the TX code switched from 2 to 7 in 50 s intervals
The VSAT TX power was 10 dB higher than the NIST TX

power.
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