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1. Introduction

One of the strategies to achieve 1 mm position accuracy suggested in the IVS WG3 final report was to dramatically increase the number of observations per session.  This option was studied [1] using the VLBI2010 Monte Carlo simulators, which showed, within the limitations of the simulators, that this strategy does in fact produce large gains for position accuracy.  In this memo, the implications of that study for antenna slew rate parameters are summarized and a VLBI2010 antenna slew rate recommendation is proposed.  The referenced study was carried out in two steps.  First, Monte Carlo simulators were use to determine the relationship between position accuracy and source switching interval.  Second, families of slew parameters (azimuth slew rate, elevation slew rate, and slew acceleration (same for both axes)) were determined to achieve specified source switching intervals.  As it turned out, the resulting families of curves had well defined knees (changes of direction) so it was possible to determine single optimum sets of slew parameters for each specified switching interval.  In general, small gains in one parameter can still be achieved, but at a fairly steep increase of another parameter.  Finally, by combining the two steps, it was possible to relate the slew parameters to position accuracy.  The cases of either one or two antennas at a site along with two mount types were considered.  The two mount types considered are a standard (STD) azimuth/elevation drive with elevation range 5 to 90 deg, and an over-the-top (OTT) azimuth/elevation drive with elevation range 5 to 175 deg.  The results are summarized in Figure 1.

Figure 1. Position accuracy vs azimuth slew rate.  The cases of either one or two antennas at a site are considered, along with two mount types: either a standard (STD) azimuth/elevation mount with elevation range 5 to 90 deg, or an over-the-top (OTT) version with elevation range 5 to 175 deg.  For the STD mounts, optimum elevation slew rate was shown to be about one third of the azimuth slew rate, while for the OTT mounts, optimum ratio was approximately 1:1.  In all but two cases, slew accelerations no greater than 1 deg/s/s were required, with a number of cases being much lower.  The two exceptions were “1 ant, STD” at 1 mm position accuracy, which required 3 deg/s/s, and “1 ant, OTT” also at 1 mm position accuracy, which required 2 deg/s/s.
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2.  Discussion and Conclusions

There are a few obvious comments that can be made about Figure 1:

· Increasing slew rate (to achieve a higher observation rate) is an effective means of improving position accuracy, although with diminishing returns.

· Based directly on the results of the Monte Carlo simulators, it appears that the VLBI2010 position accuracy target of 1 mm is achievable with buildable antenna drive systems.  In reality, the simulators are expected to be optimistic.  As a result, performance will almost certainly need to be derated.  Especially for 1-antenna sites, it appears that additional factors will need to come into play to achieve the 1 mm target.

· The slew requirements for 2-antenna sites are more than a factor of two lower than for 1-antenna sites.  

· A second requirement for VLBI2010 antennas is that they be affordable.  This is in the interest of improving network size and geometry.  However, affordability is in opposition to the high cost of the antenna drive systems required to achieve the VLBI2010 1 mm performance target, especially with 1-antenna sites.  A compromise is required between cost and performance, which may best be served using a 2-antenna site.  [The most affordable (capital cost) 12 m class Ka-band antenna currently known is the one manufactured by Patriot Antenna Systems.  Its slew parameters are 5/1.25/3 (azimuth slew rate (deg/s) / elevation slew rate (deg/s) / slew acceleration (deg/s/s)).] 

· Compared to STD mounts, slew rate requirements for OTT mounts are about 25% lower in azimuth and 100% higher in elevation.  When this is coupled with the fact that OTT mounts are non-standard and more expensive, there is little to recommend their use.  [A similar conclusion can probably be reached for X-Y mounts, although this has not been tested.  Also, given the ease of coordinate conversion with modern computers, there is little to recommend the use of equatorial mounts besides the fact that they have no parallactic angle rotation, which eases interpretation of data from the linearly polarized broadband feeds.] 

3. VLBI2010 antenna slew parameter recommendation.

Assume that Monte Carlo works and make recommendation for 1 mm, i.e. 23 s average source switching interval for optimized uniform sky schedule.  Give practical indication for STD mount (1 or 2 per site).  State option and benefits of phased acquisition.

2. Relationship between source switching interval and position accuracy
Four schedules were generated [1], each with uniform source switching intervals of 15, 30, 45, and 60 s respectively.  The schedules were designed to approach uniform sky coverage over every sequential grouping on 12 sources.  The schedules were each run through three Monte Carlo simulators, one at GSFC based on Solve (least squares), one at TU Wien based on OCCAM (Kalman filter), and one at TU Wien based on precise point positioning (PPP) (Kalman filter).  See Figure 1.

Figure 1.  Position accuracy vs source-switching interval from Monte Carlo simulators based on Solve, OCCAM and PPP [1].
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Based on the OCCAM result, switching intervals of 23, 36, 49 and 62 s were selected for the rest of the study to represent position accuracies of 1.00, 1.25, 1.50 and 1.75 mm respectively.

3.  Slew Rate Considerations

In the second step, families of slew parameters (azimuth slew rate, elevation slew rate and slew acceleration (same for both axes)) were determined to achieve the switching intervals of 23, 36, 49 and 62 s [1].  The cases of either one or two antennas at a site were considered, and two types were considered: either a standard (STD) azimuth/elevation mount with elevation range 5 to 90 deg, or an over-the-top (OTT) azimuth/elevation mount with elevation range 5 to 175 deg.  The results are summarized in Figure 2.
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