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ABSTRACT

Near Earth Object (NEO) discovery typically requires an initial blind detection by a survey-optimized instrument, followed by targeted observations spread over a few days by one or more follow-up stations.  Many newly discovered NEOs warrant additional tracking observations during the discovery apparition to improve their orbits, or targeted recovery observations at a later apparition.  While some planning tools exist to help observers decide which objects require observations, criteria for inferring the value of targeting one object over another is left to each observer, and the global follow-up effort remains loosely coordinated at best.  As a consequence, some important targets go unobserved, while other targets receive unnecessary attention.  To aid in coordinating follow-up efforts across multiple sites, we have developed a targeting broker called NEOfixer.  NEOfixer provides any observer with a dynamic, customized ranked list of targets to consider, which updates in real time when new information enters the NEOfixer system.  NEOfixer’s over-arching goal is to accelerate and optimize the improvement of the NEO orbit catalog, guided by planetary defense concerns.
NEOfixer collects information about NEOs and NEO candidates from a variety of sources: the Minor Planet Center’s NEO observation database and NEO Confirmation Page; Sentry, Scout, and NHATS pages at JPL’s CNEOS; the ESA Risk List; and from targeting information provided by participating observers.  The NEOfixer scoring algorithms then assign numerical values to four quantities: 1) the object’s importance to planetary defense, 2) the benefit provided to each orbit from potential new observations, and 3) the cost and 4) urgency for a given station to obtain those observations.  NEOfixer solves each orbit and generates ephemerides several days into the future using Project Pluto’s Find_Orb software.  For each ephemeris point, NEOfixer calculates the cost, benefit, and urgency of obtaining new observations from a given follow-up station, weighted by the importance of the object to planetary defense.  Integrating this method over all objects, for all follow-up stations, provides a global follow-up priority list, tailored to the capabilities of each station.  New information (such as new astrometry or targeting status from other telescopes) is quickly detected, synthesized and published, updating each list in near real time.  Simply put, NEOfixer provides dynamic, rank-ordered follow-up recommendations for every NEO and NEO candidate, curated for each participating follow-up station, for every moment from “now” until the end of NEOfixer’s lookahead window.  Implicit in NEOfixer’s value-ordered lists are recommendations to refrain from observing many objects might be observable, but for some reason result in an inefficient use of telescope time (low benefit, importance or urgency, or high cost).
In order to judge the effectiveness of NEOfixer in the real world, we are also developing techniques to evaluate the capacity and behavior of the follow-up community.  By applying NEOfixer criteria retrospectively to existing observations, we can quantify the value of each past observation, and also estimate the amount of work expended to obtain those observations.  This will help identify cases where objects are being over-observed, to see if NEOfixer can direct some of this observation effort to other targets.
NEOfixer is currently being evaluated in-house for scheduling NEO observations from follow-up telescopes operated by the Catalina Sky Survey (CSS: the 1.0-m I52 and the 1.54-m V06).  The public-facing NEOfixer infrastructure is in beta testing, and will likely be offered for worldwide use later this year.
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