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NASA and DoD each perform computations and provide data to satellite Owner/Operators that assist with risk assessment of a particular close approach.  For a given close approach for which both entities perform these computations, there are expected to be differences in the values.  Neither of them is right or wrong, just different based on the data used to perform the computation. The purpose of this short paper is to explain how the computations work, and how difference arise, so that those can be understood in the context of communicating information about the close approach.

The main parameter used by conjunction assessment practitioners to assess collision likelihood is the probability of collision (Pc); this calculation determines the likelihood that two satellites will, during a close approach, pass with a miss distance between them smaller than their combined sizes—a situation that can be expected to result in a collision.  This Pc is a parameter calculated using three distinct inputs:

· An estimate of the combined size of the two objects, which requires an estimate of the size of each of the two objects individually;
· An estimate of the “states” (positions and velocities) of the two objects at their time of closest approach (TCA); and
· The uncertainties in the estimates of the two objects’ states, called a “covariance,” also at TCA.

Note that all three of the inputs given above are estimates.  The key to understanding differences in the Pc between two organizations’ calculations is to understand how differences in these inputs arise, for in nearly all cases the actual calculation of the Pc proceeds essentially identically.  

	First, NASA and DoD employ different approaches to estimating both objects’ physical sizes.  For the “primary” object, that is, the NASA payload that is under CA protection, NASA knows with precision the actual size; and CARA and the individual NASA mission staff agree on the size values to use for CA calculations.  The DoD, on the other hand, generally uses default size values based on the object type: all payloads are considered to be 5 meters, rocket bodies 3 meters, and debris 1 meter. These values were recommended by SpOC/S33Z in 2009 (AFSPC/A9 at the time).  For the “secondary” object, that is, the object that is coming into close approach with the protected NASA asset, there are frequently no available size measurements.  These objects are often pieces of space debris generated from explosions or previous collisions, and there is no way to conduct in situ size measuring.  Instead, sizes must be estimated from tracking sensor signal returns, such as radar cross-section values or brightness intensities; or they must be assigned default values.  NASA makes their size estimates available to DoD, but in general DoD chooses to use their default values based on object type.  Because the Pc varies with the square of the objects’ combined size, differences in size estimation can drive significant differences in the calculated collision likelihood value.

	Second, the estimates of the satellites’ states and covariances can differ due to differences in the estimation approach.  Charged with maintaining an entire satellite catalogue, the DoD estimates the current and future positions and uncertainties of most satellites through an automatic process that requires no human review or intervention  Essentially, the computer takes the previous state estimate and all of the satellite tracking data received to date and performs a statistical fit that updates the model parameters used to determine the satellite’s present and future position with increased fidelity.  If the automated process fails to update a satellite’s state, a DoD analyst will perform a manual update.  For satellites that present close approaches to protected NASA assets, NASA analysts perform a manual update of the two objects’ states and covariances, regardless of whether the automatic correction were successful.  This manual update follows the same general logic path as the computer-performed update; but the analysts are able to review diagnostic plots of the tracking data and intermediate update results, and they can manually control how the update is conducted and invoke special processes and features in order to produce a higher-fidelity state estimate update.  Because the DoD is responsible for an entire catalogue, they need to be discerning in their use of manual updates, allocating them only for situations in which the automatic correction fails or other special cases (typically of military interest); but NASA, with only ~100 protected satellites, can give this level of attention to all of the objects that come into conjunction with their satellites.  Manual conduct of an orbit update, through the precise selection of input tracking data and customization of update techniques, can in many cases produce results notably different from an automatic update that lacks this specialized guidance.

	Finally, the time at which the generation of a Conjunction Data Message (CDM) takes place affects the calculation of the Pc and therefore the assessment of risk.  A CDM is the message that contains all of the items needed to calculate the Pc, as described in the beginning of this paper.  The DoD employs a time-queued process to generate CDMs, typically executing a run to produce them every eight hours; and while there are circumstances that can and do accelerate this production, in the main one can expect three updates per day, spaced roughly eight hours apart.  Alternatively, again because of the small number of protected assets and the presence of dedicated analysts, NASA employs a special process that flags an analyst whenever fresh tracking has been received for an object of interest, and the analyst can perform a manual OD and generate a CDM at that very time, not waiting for a time-queue CDM production run.  This practice of generating a CDM directly upon the receipt of new tracking data for a satellite can allow the NASA risk assessment to run several hours ahead of DoD’s latest CDM, meaning that the NASA result should almost always lead that of the DoD and be the preferred result to use for NASA risk assessment.

	In any given CA situation, any and all of the three above possibilities for introducing differences between the NASA and DoD calculations may be operative; and in all such cases, structural measures have been taken to ensure that the NASA calculation is to be preferred for close approaches in which the protected (primary) object is a NASA satellite.  In some situations it is because a preferable calculation paradigm has been employed (e.g., computing the Hard Body Radius as a size estimate for use in the Pc computation); in others, it is simply due to NASA’s personal attention, via their dedicated analysts, to situations that the DoD does not attend to manually.  Regardless of the reason, one should be neither surprised nor disturbed by differences in the calculated Pc between NASA and the DoD, and ready to accept the NASA calculation as the appropriate value on which to base Agency decisions.
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