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ABSTRACT. In an e f f o r t to g r e a t l y improve the measurement p r e c i s i o n o f 
VLBI obse rvab l e s used to determine g e o d e t i c b a s e l i n e s , the p o t e n t i a l o f 
u t i l i z i n g f r i n g e phase has been i n v e s t i g a t e d . The 245-km b a s e l i n e 
between Mojave and Owens V a l l e y ( i n CA) has been most thoroughly 
s t ud i ed f o r t h i s purpose . In t r y i n g s e v e r a l d i f f e r e n t exper imental 
des igns i t appears that source schedu l ing i s no t the c r i t i c a l f a c t o r in 
determining when phase c o n n e c t i o n can be e s t a b l i s h e d . Normally, 
ins t rumental i n s t a b i l i t i e s are a l s o not l i m i t i n g (a l though nominal 
f u n c t i o n i n g o f the ins t rumenta t ion i s e s s e n t i a l ) . The most s e r i o u s 
f a c t o r in l i m i t i n g o p p o r t u n i t i e s f o r phase c o n n e c t i o n seems to be 
a tmospher ic v a r i a b i l i t y . However, when the o b s e r v a t i o n SNR i s made 
l a r g e (> 50) to g i v e ve ry p r e c i s e group de lays (and hence enhance the 
chance o f r e s o l v i n g phase a m b i g u i t i e s ) , the improvement in b a s e l i n e 
u n c e r t a i n t y ob ta ined us ing phase de lays i s on ly marginal compared with 
the co r re spond ing group de lay s o l u t i o n . For t h i s c a s e , the b a s e l i n e 
e r r o r budget i s dominated by s t o c h a s t i c v a r i a t i o n s in c l o c k and 
atmospher ic de lay c o n t r i b u t i o n s ra ther than by o b s e r v a t i o n n o i s e . 

1. INTRODUCTION 

Normally, g e o d e t i c VLBI measurements are made us ing bandwidth syn thes i s 
group de lay obse rva t i ons o f quasars , the fundamental p r e c i s i o n o f which 
i s l i m i t e d by the r ad io bandwidth that can be spanned. A l a rge gain in 
measurement p r e c i s i o n i s p o s s i b l e i f , i n s t ead , phase de lay can be used 
as the o b s e r v a b l e . For the frequency sequences used by NASA's Crustal 
Dynamics P r o j e c t (CDP), the improvement in measurement p r e c i s i o n i s 
roughly a f a c t o r o f 50. The overwhelming o b s t a c l e to us ing phase 
de lays i s the r e s o l u t i o n o f the c y c l e ( t w o - p i ) ambigu i t i e s inherent in 
phase measurements. E f f e c t i v e u t i l i z a t i o n o f f r i n g e phase r equ i r e s 
that those ambigu i t i e s be r e s o l v e d to a common l o b e f o r a l l 
o b s e r v a t i o n s o f a g iven experiment s e s s i o n . Recent CDP resea rch 
e f f o r t s to use the p r e c i s e phase obse rvab le have concen t r a t ed on 
d e v e l o p i n g obse rv ing and ana ly s i s techniques that w i l l enhance the 
p r o b a b i l i t y f o r maintaining phase c o n n e c t i o n f o r one-day i n t e r v a l s over 
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baseline lengths of 100 to 1000 km. The goal is to measure the lengths 
of such baselines to within a few millimeters (i.e., a precision of 
about 0.01 ppm or better). Potential applications include refined 
studies of tectonic activity in regions such as southern California. 
Recognizing that phase connection over baselines of such lengths may 
not be a routine occurrence, a secondary interest is the identification 
of those processes which set the limit for phase stability. In 
particular, the characterization of instrumental variations has played 
a significant role in the effort. 

2. METHODS & RESULTS 

The baseline most intensively investigated for this study is the 245-km 
baseline between the 12-m Mojave Base Station antenna (in the Goldstone 
complex near Barstow, CA) and the 40-m dish at the Owens Valley Radio 
Observatory (OVRO). Several different observing strategies have been 
attempted, including scheduling observations of sources within a few 
tight clusters and more conventional geodetic schedules with longer 
slews between scans. Each approach has yielded successful phase 
connections at least once, indicating that schedule design need not be 
the critical factor in determining phase connectability. In addition, 
several analysis techniques have been applied to the problem of phase 
ambiguity resolution: shifting of the phases to the lobe nearest to the 
corresponding group delay (after dual-band correction for ionospheric 
dispersion); comparison to refined theoretical delays formed by 
parameter adjustments using the group delays. Both weighted least-
squares and Kaiman filtering have been used for the parameter 
estimation. Experience indicates that the most powerful approach for 
ambiguity resolution is the use of Kaiman filtering of group delays 
made with SNR values of 50 or greater. 

The CDP experiment most successful in its phase resolution was run 
on 1986 October 18 and, in addition to Mojave and OVRO, involved the 
26-m antenna at Hat Creek, a 5-m mobile station located at Quincy, and 
a 4-m mobile at Monument Peak (all in CA). Kaiman filter analysis of 
the group delays from all the stations except Hat Creek was used to 
generate refined theoretical delay values which in turn were used to 
produce phase residuals. The phases for the Mojave-OVRO baseline were 
found to be readily and reliably resolvable, whereas those from the 
remaining baselines were not. The ambiguity resolution was performed 
independently for both the X- and S-band data, ionospheric correction 
values were recalculated from the phases, and a Kaiman solution was run 
for the Mojave-OVRO baseline. Comparison of the phase delay baseline 
solution with that using the group delays shows, at best, only marginal 
improvement in the determination of the baseline length and the three-
dimensional station coordinates. The reason for this is that 
estimation of the stochastic clock and atmospheric variations, rather 
than measurement noise, dominates the error budget for the baseline 
results. Nonetheless, the effort has proven useful in revealing subtle 
instrumental variations in the Mark III system that had not previously 
been detected. 
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