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ABSTRACT

A dual frequency CPS receiver measuring ionospheric delay or TEC (lotal
Electron Content) named GIR-2 was constructed in BIPM (Bureau Tntcernational
des Poids ot Mesures){1], and operatces in repular base since October 1988,
CRL (Communications Rescarch Laboratory) also has completed a development of
the same equipment this year. Tt has alwost same performances as GTR-Z in
BIPM. By using thesc two receivers, we have beogun to compensate Lhe time
transfer results obtained from the conventional CPS time transfer receivers
belween Japan and Lurope under the cooperation of CRL and BIPM for a
construction of a tight time-transfer link by using GPS satellito. This
paper shows the improvement of GPS time transfer results by using the
ionospheric delays measured by GTR-Z.

For a highly transportable geodetic purposc VLBL (Very Long Bascline
Interferometer) station, CRIL has another application program of GIR-2, For
this compact VIBI station, we are making a study ol ionospheric compensation
of the signal f(rom radio stars by using Lhe TREC data obtained from GTR-2.

CRL also have a plan of an improved version of GIR-2 which uses Lhe
phase informalions of reconstructed continuous signals obtained by making
cross corrclation of the received T.1(1575.42 MH2) and L2(1227.6 MHz) signals
from the GPS satellites. By using this method, 1t can be cstimated that
this equipment can make more than one order of precise measurcment of  the
TEC than GTR-2.

INTRODUCTION

The ionospheric delay is one ol the larges( sources ol crror for the time
comparison and the positioning by using GPS satelliles. The aclivity ol Lhe
ionosphere depends largely on solar aclivity which has a Tong term cycle of
about 11 years. The solar aclivity will be maximum avound 1991, the cflects of
the ionosphere will be very large in coming few vears. And as this solar
maximum jis estimated as a one of the largest one, then it is expected that Lhe
ionospheric activity will have large eflccts not only on the time comparison and
the positioning but alsce on the communication links via communication
satellites.

MEASUREMENTS RESULTS OF TFC BY GTR-2

The construction of GTR-2 in CRL has completed in Lhe beginning of May,
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1989, and we started its continuous operation since that time. It uses a
directional antenna which has a gain of about 10 dBi fer L1 %?d L2 Signala of
GPS satellite. It has a measurement precision of about 2 x 10/ eleclrons/m” of
TEC and about 1 ns of L1 signal group delay.

Figure 1 shows the measurcment results of TEC for July, 1989 obtained by
the GTR-2 in CRL. This figure shows the estimated vertical TEC from Lhe
measured TEC along the Tine of sight to the GPS satellites by using a simple
ionosphere model, From this figure L1 signal has more the 10 ns of daily
variation caused by the ionosphere. Therefore it can be said Lhal one must makc
ionogpheic compensation by using actual ionospheric delay to perform a precise
Lime comparison or positioning.

APPLICATTON TO TIME COMPARISON RESULTS

The major time keeping laboralories make the daily Lime comparison by using
GPS time transfer receivers under the common view[2] schedule calculated by
BIPM. 'They use the conventional GPS time transler receivers which receive the
L1 C/A code signal of the GPS satelliles, and they make ionospheric delay
correction by the ionospheric delay model transmitted from GPS satellites, This
ionospheric correction model[3] is very uscful f(or the single frequency GPS
users, but it has nott enough precision to make a precise time comparison or
positioning.

Between OP (Paris Observatory) and CRL, we made the ionospheric delay
correction by the ionospheric delays measurcd by GUR-2 on both sites instead of
Lhe correction model., Figure 2 shows its shemalic concept. GTR-2 on both sites
are programmed to make simultancous measurements with time transfer receivers.

Under Lhe commeon—view time transfer schedule No.l3 calculated by BIPM, we
have 8 common-view tracks for each day between Japan and Lurope. PFigure 3 shows
the time comparison results for three months belween OP and CRL. In this figurc
Lwo curves are plotted, onc is UTC(OP)~UTC(CRL) by using raw data obtained from
commercial GPS time Lransfer receivers which use the ionospheric correction
model and the other is UTC(OP)-UTC(CRL) corrected by Uthe ionospheric delay
measured by GTR-2 on both siles, and 100 ns of offsect arc given to divide them.
'igure 4 shows the zoomed plols ol the time comparison results of figure 3 (11
days of the beginning of July), and we can sec¢ that Lhe time comparison is
perlormed with much higher precision when the measurced ionospheric delays are
involved,

APPLICATION TO STINCLE FREQUENCY VLBI OBSERVATTON

For the geodetical applicalion of GTR-2, CRL 1is planning to apply GTR-2 to
VLBl experiments.

In order to realize a compact and high cosl-performance system, a highly
transportable VLBI station with 3m antenna is now under development in CRI[4].
For the coanventional gcodetic VIBT oxperiments, each VIBl station makes the
obserbations by dual fregquency (X-band and S-band) to compensate Lhe relative
ionoapheric delay between both sites. Therecfore cach station should be
cquipped the facililies for these Lwo receiving bands, such as feeds, low noise
amplificrs, local gignals, backend equipments and so on.

On the other hand, if one can estimate the ionospheric delay by using other
method, each VLBI station has no need to make the dual frequency measurement.
This means that the one can realize the maximum antenna el ficiency Lor the X-
band which is the main {requency band for the geodelic VLBl measurement, and can

200




reduce the VLBI facilities. Thege merits are very coffective for small mobile
VI.BT stations.

lor this purpose we are planing single fregquency VIBL experiments by using
our highly Lransportable VILBI station and GTR-2Z, ‘The key subject in this
experiment 1s how Lo estimate the fonospheric delay of Lhe line of sight to the
radio stars from thal ol the GP5 satellite. To study this subject we arc making
simultancous observations of the normal two frcquency VLBI cxperiments and GTR-2
observation. The shemalic concept s denoted in Ligure 5.

MORE PRECISE MEASUREMENT

As Lhe GTR-2 uscs a technique of the ampliitude measurcment of the cross—
correlated signal between received L1 and T2 P-code of Lhe GPS satellite, then
the measurement precision of TRC is limited by the S/N ratio of the received
signals and the period of the P-code clock rate (about 100 ns). Namely Lhe
precision is proportional to Lhe period of signal and square-root ol dinverse of
S/N ratio. Therefore, to make precise measurcment of TEC, we should use a high
gain antenna to increase S/N ratio or a long integralion lLime to increase tho
number of samples,

For the other solution to improve the measuremenl precision, we are
planning a more precisce device, named GIR-3, which uses the phase measurement
technique of the reconstructed continuous sipgnals which have the frequency of
L1-L2 and LI+1.2. By using this method, we can use the period of about 2.8 na
(for L1-1.2 signal) and about 0.36 ns (for LI+L2 signal). By using this method
we can improve the measurcment precision of TLEC by more then one order compared
to the GIR-2 method. Tn this method we should use the coheront local signals in
the recciver tor the signal processing Lo keep the phase informations. Figure 6
shows the block diagram of this recelver,

Normally, the ambiguily of period of the measurcment signal Is one of Lhoe
largest problems to be solved, but the melhod mentioned above has an advantage
for this problem compared to olher methods. The detailed discussion will be
made in the other occasion.

CONCT.USTON

Using CTR-2 on both siles of time comparison slatwons, the improvement of
the precision of time comparison wore obtained. Tn the case ol long distance
Uime comparison belween OF and CRI, we can gcl the rms variation of less than 10
ns by using the ionogpheric delay obtained by CIR-7. This experimont is
continuously made under the cooperation between CRL and BIPM.  As GIR-2 has a
simple struclurce and easily make a TEC measurement, Uthen it can usce (n wide
domaina ol science and Lechnology not only in time comparison or geodesy.
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Application results of measured TEC
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July Ist ~ July 11, 1989
Figure 4
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