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Abstract. It has been recognized since the early days of interplanetary spaceflight that accurate navigation requires taking into account changes in the Earth’s rotation. In the 1960s, tracking
anomalies during the Ranger VII and VIII lunar missions were traced to errors in the Earth orientation parameters. As a result, Earth orientation calibration methods were improved to support
the Mariner IV and V planetary missions. Today, accurate Earth orientation parameters are used to track and navigate every interplanetary spaceflight mission. The approach taken at JPL to
provide the interplanetary spacecraft tracking and navigation teams with the Earth orientation parameters that they need is based upon the use of a Kalman filter to combine past measurements
of the Earth orientation parameters and predict their future evolution. Changes in the Earth’s orientation can be described as a randomly excited stochastic process; consequently, between
measurements, the uncertainty in our knowledge of the Earth’s orientation grows and rapidly becomes much larger than the uncertainty in the measurements. Thus, measurements of the
Earth’s orientation must be taken frequently and processed rapidly in order to meet the demanding accuracy requirements of the spacecraft navigation teams. Here, the improvement in the
accuracy of JPL’s near real-time and predicted EOPs when the IGS Ultra-Rapid polar motion and length-of-day measurements are included in the Kalman filter is discussed. A 30%
improvement in the accuracy of the short-term predicted PMX, PMY, and UT1 estimates delivered to the interplanetary spacecraft navigation teams at JPL is obtained when the IGS Ultra-

Rapid polar motion and length-of-day measurements are included in the solution.
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PMX, PMY, and UT1 estimates. This improvement is achieved because the IGS Ultra-Rapid polar motion and length-of-day
measurements are more timely than the Rapids, but are still quite accurate.

o is a white noise, zero-mean stochastic excitation process vector: ; . .
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o(t) = (0,0,wm,w,‘Z,O,ws,O,wA,w,‘a,O,wu,,w,‘w,w,,gm)T . . . . .. .
+ A smoothed series is obtained by running the Kalman filter forward in time, backward in

F and G are constant coefficient matrices time, and taking the vector weighted average of the results
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