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Development of a radio reference frame of very high accuracy has 
become necessary in order to obtain the required accuracy in 
spacecraft navigation for current and future planetary missions. The 
antennas of the NASA Deep Space Network are being u t i l i z e d on a 
regu lar b a s i s to obta in the p o s i t i o n s of over 100 compact 
extragalact ic radio sources distributed over the sky down to a 
decl inat ion of -45 degrees with uncertaint ies of l e s s than 0.005 
aroseconds. 

Very Long B a s e l i n e In ter ferometry (VLBI) observations on the 
intercontinental baselines formed by the DSN antennas in California, 
Spain and Australia have been taken since 1971. Only since 1978, 
however, has i t been possible to make dual frequency (2.3 and 8.4 GHz) 
measurements which are necesary to remove the e f f e c t s of charged 
particles in the transmission media. We report here results based on 
data taken from 1978 September to 1983 May, describe the differences 
from other radio astrometric programs, and give a comparison with 
other VLBI results. 

A se t of observations cons i s t s of 12 to 24 hours of data on each of 
the California-Spain and California-Australia basel ines within an 
interval of 48 to 96 hours. Because of the lack of common v i s i b i l i t y 
among all three s i tes , the observations cannot be simultaneous on both 
baselines. In a typical 23 hour period on one baseline approximately 
230 observations are made of about 80 sources. The t o t a l number of 
sources that has been observed i s .""130. 

All data are recorded with the Mk II VLBI system and correlated on the 
JFL/CIT processor located at Caltech. The source positions are reduced 
in the J2000.0 system using precession, nutation, and Greenwich 
Sidereal Time as adopted by the IAU and prescribed in USNO Circular 
No. 163* The complete model for analys i s of the data i s described by 
Fanselow (1983) and includes r e l a t i v i s t i c transformations and 
gravitational bending of radio waves. The positions and veloci t ies of 
the Earth, Moon, and nine planets are obtained using the JPL ephemeris 
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DE200, which i s consistent with the J2000.0 system. Since there i s no 
means of determining the orig in of right ascension from our VLBI 
observations, we have followed what has become customary practice and 
adopted the right ascension of 3C273 from the lunar occul tat ions of 
Hazard e t al (1971) , transformed to J2000.0 (Kaplan, pr iva te 
communi ca tion). 

A tota l of 3095 delay and 3080 delay rate observables has been 
acquired over the four and a half years of observations. These are 
used in a linear least-squares estimation of 652 parameters consisting 
of the positions of 132 sources (except the right ascension of 3C273), 
baselines for each observation set, the troposphere over each station 
for each set , and instrumental parameters, commonly cal led clock 
parameters. The resulting catalogue i s designated JPL1983-4. 

From these data we have obtained, for 120 of the sources, pos i t ions 
with uncertaint ies between 0.0006 and 0.0100 arcseconds. The sources 
are distr ibuted in decl inat ion between -45 and +84 degrees with a 
slight concentration near the ecl ipt ic , since that i s the region for 
which reference sources for navigation are most needed (Figure 1). For 
100 of these sources the uncertaint ies (one standard deviation) in 
both right ascension and declination are smaller than 5 mas ( 1 mas = 
1 mil l i -arcsecond = 0.001 arcsecond). In order to assess the 
credibility of these uncertainties we have compared our results with 
the only other measurements of comparable accuracy, those of the 
GSFC/SAO/Haystack group (Ma et al , 1981). For the 50 sources in common 
we obtain the following comparison, in the sense GSFC - JPL1983-4: 

RA DEC 
Weighted mean difference: 0.0001 sec -1.3 mas 
Weighted RMS deviation: 1.5 mas 1.5 mas 
Reduced chi-square: 1.3 2.6 

Thus, although the chi-square calculat ion i s for two standard 
deviat ions on the GSFC pos i t ions , i t appears that the uncertaint ies 
are reasonable. Of the four possible comparisons (RA and DEC as a 
function of RA or of DEC) two are shown in Figure 2. 

The current l imiting error sources, each of which i s thought to have a 
s ize of a few mil l iarcseconds, are a) the troposphere (ca l ibrat ion/ 
estimation/ mapping), b) Earth orientation parameters for precession 
and nutation, c) the frequency standards and/or frequency distribution 
systems, and d) instrumental delay cal ibrat ion. Each of these error 
sources i s being studied through the regularly scheduled observations 
and through separate engineering t e s t s . For example, in order to 
evaluate the magnitude of any elevation-angle dependent errors, which 
might ar i se from incorrect troposphere mapping functions or from 
elevation dependent instrumentation problems, al l observations made at 
e levat ion angles of l e s s than 10 degrees were excluded and the 
s o l u t i o n was rerun. The r e s u l t was a s y s t e m a t i c change of 
approximately 3 mas in the declinations of al l sources. If this change 
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were app l i ed as a c o r r e c t i o n t o a l l d e c l i n a t i o n s , the d e c l i n a t i o n 
d i f f e r e n c e GSFC-JPL above would become s l i g h t l y p o s i t i v e , perhaps 
indicat ing that the current dec l inat ions are biased s l i g h t l y negative, 
although within the uncertaint ies , 

The principles of VLBI astrometry are discussed i n other contributions 
i n t h i s volume (Johnston 1986; Robertson 1986; Ma 19&6). The 
s i g n i f i c a n c e of the e x c e l l e n t agreement between r e s u l t s of the two 
VLBI groups l i e s in the complete independence of implementation of the 
techniques, both in hardware and i n software, including algorithms. In 
terms of hardware d i f f e r e n c e s , we use the antennas of the NASA Deep 
Space Network. We record data on the Mark I I VLBI s y s t e m , us ing a 
t i m e - s e q u e n t i a l Bandwidth S y n t h e s i s t echn ique , and do the c r o s s -
corre lat ion on the JPL/Caltech correlator. The ana lys i s i s done on a 
VAX-based system using a lgor i thms developed a t JPL (Fanselow 1983). 
Differences extend to the troposphere models and planetary ephemerides 
which are used. 

The l ong b a s e l i n e s obta ined by u s i n g the DSN antennas provide high 
inherent accuracy. The large component along the earth fs spin ax i s for 
the Cal i fornia/Austral ia baseline i s e spec ia l l y advantageous since i t 
provides very good accuracy in dec l inat ion for sources near and below 
the equator. In a d d i t i o n we are a b l e to observe s o u r c e s down t o -45 
degrees, g iving much better coverage of the c e l e s t i a l sphere. This i s 
important to the navigation e f f o r t since the next two major spacecraft 
planetary encounters are near the in tersec t ion of the e c l i p t i c and the 
Galact ic Plane below -20 degrees decl inat ion. The disadvahtage of such 
l o n g b a s e l i n e s i s t h a t , s i n c e one antenna i s i n the southern 
hemisphere, observations cannot be made simultaneously at a l l three 
antennas for very many s o u r c e s . Thus i t i s not p o s s i b l e to s o l v e for 
a l l components of UT1-UTC and polar motion without some assumption or 
a priori information on the rates between the almost adjacent runs on 
the two basel ines. 

Final ly , VLBI systems determine absolute dec l inat ions for the equator 
of date , but there i s no d e t e r m i n a t i o n of the o r i g i n of r i g h t 
ascension. In an associated program at JPL we are attempting to re la te 
the frame of the ex traga lac t i c radio sources to that of the planetary 
ephemerides by s e v e r a l means: a) D i r e c t t i e s have been obta ined by 
d i f f e r e n t i a l VLBI measurements of the p o s i t i o n s of r a d i o sources 
r e l a t i v e to spacecraft orbi t ing the planets Mars and Venus (Newhall e t 
a l , 1986.) • The r e s u l t i n g u n c e r t a i n t y i s a few hundredths arc second, 
and there i s no s i gn i f i cant o f f s e t when evaluated a t epoch J2000.0. b) 
The pos i t ion of Jupiter i n the radio frame can be obtained by finding 
the pos i t ions of the Gali lean s a t e l l i t e s . This i s being done using the 
VLA a t 5 and 15 GHz. An u n c e r t a i n t y of 0.05 arc seconds i s expected . 
c) An indirect determination of the o f f s e t i n r ight ascension between 
the two frames may be found by comparison of the basel ines between the 
observing antennas as determined by each type of measurement, that i s , 
by VLBI f o r t h e r a d i o s o u r c e s and by t h e d o p p l e r and r a n g e 
measurements during spacecraft encounters with the planets. Again, the 
expected uncertainty i s a few hundredths arc second. 
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Figure 1. Schematic distribution of radio source positions and their 
uncertainties. Note the scale change for the error bars. 
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Figure 2a. Right ascension difference GSFC minus JPL1983-4 as a 
function of right ascension. 
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Figure 2b. Declination difference GSFC minus JPL1983-4 as a function 
of declination. 
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