Chapter 7
Earth Polar Motion Parameters High
Accuracy Differential Prediction

Lue Chen, Geshi Tang, Songjie Hu, Ming Chen, Yifei Li, Mei Wang,
Jing Sun, Ming Shi and Li Li

Abstract This paper proposes a method of Earth polar motion parameters pre-
diction by dual differential least-squares (LS) and autoregressive (AR) model.
Firstly, polar motion parameters are processed by dual differential method, the
stationarity of polar motion parameters is improved. Then, LS+AR method is uti-
lized to analyze the dual differential polar motion parameters to obtain the pre-
liminary prediction results. Finally, the preliminary prediction results are processed
by inverse dual differential method to obtain high accuracy polar motion prediction
results. The prediction results are compared with EOP prediction comparison
campaign (EOP_PCC) results, it shows that the short-term polar motion parameters
prediction error is at the same level of EOP_PCC. The one day prediction accuracy
of PMX is at the level of 0.25 mas, PMY is 0.2 mas, they are better than EOP_PCC
one day polar motion prediction accuracy.
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7.1 Introduction

High accuracy Earth orientation parameters (EOP) is the basic parameters for
conversion between the International Celestial Reference Frame (ICRF) and the
International Terrestrial Reference Frame (ITRF) [1].

EOP has been monitored with increasing accuracy by advanced space-geodetic
techniques, including lunar and satellite laser ranging (SLR), very long baseline
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interferometry (VLBI) and Global Navigation Satellite System(GNSS), etc. [2, 3].
The high accuracy EOP is essential for manned space flight and deep space
exploration mission, especially for the real time and high accuracy navigation
mission. EOP is usually available with a delay of hours to days, thus, EOP pre-
diction is adapt to the growing demands for spacecraft navigation and physical
geography science research.

Polar motion prediction, UT1-UTC prediction, and length of day (LOD) pre-
diction are the hot research on EOP prediction. Many methods have been developed
and applied to EOP predictions, such as LS extrapolation [4], LS extrapolation and
AR prediction (LS+AR) [5], networks prediction [6], spectral analysis and least-
squares extrapolation [7], wavelet decomposition and auto-covariance prediction
[8], etc.

The Earth orientation parameters prediction comparison campaign (EOP_PCC)
that started in 2005 was organized for the purpose of assessing the accuracy of EOP
predictions. By contrast, LS+AR prediction method is one of the highest accuracy
prediction methods. However, when LS+AR prediction method is utilized, the key
problems are the selection of parameters in LS extrapolation, the best order
determination in AR model, AR prediction of non-stationary EOP series, etc.

At present, the existing LS+AR prediction method in the study of data stationary
requirements is lack. To a certain extent, this will affect the EOP prediction
accuracy more or less.

This paper researches polar motion parameters prediction starting with data’s
stationary analysis, and proposes dual differential LS+AR prediction method to
obtain high accuracy polar motion parameters short-term prediction results.

7.2 Theoretical Method

7.2.1 Least-squares

Least-squares model of polar motion prediction is shown in Formula (7.1), it
contains linear term and periodic term. The periodic term contains Chandler
wobbles, annual, half of a year, third of a year, etc.

2mt 2mt
X(t) = A+ Bt + Cf* + D cos <l> + D, sin(l>
P1 pP1
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where, ¢ is UTC time (unit is year). A,B,C,D,D;,,E|,E,,.. .are the fitting
parameters, pi, pa, ... are the fitting periods, which could be determined by prior
experience.

(7.1)
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7.2.2 AR Model

For a stationary sequence x,(r = 1,2,...,N), the AR model is expressed as follows
P

Xp = Q1 X—1 + QX2+ -+ QX p = Z PiXi—i T ar (7.2)
i=1

where ¢, ¢,,..., ¢, are model parameters, g, is white noise, p is model order.

Formula (7.2) is called p order AR model, denoted by AR(p). @, ~N(0,0?%), o is
the variance of the white noise.

The key technique of AR model is determining model order parameter p. There
are many criterions which can be utilized for determining the model order
parameter p, such as Final Prediction Error Criterion (FPE), Akake Information
Criterion (AIC), Singular Value Decomposition (SVD) criterion, etc.

This study utilizes FPE for determining AR model order. FPE criterion function
is as follows.

_N+p,

FPE(p) =3

(7.3)
7.2.3 Prediction Error Estimates

In order to evaluate prediction error, Mean absolute error (MAE) is utilized as the
prediction accuracy index shown as follows.

n

1
MAE,-:ZZ(

J=1

i i
Pj— 9;

) (7.4)

where o is the real observation, p is prediction value, i is prediction day, n is
prediction number.

7.3 Dual Differential LS+AR Prediction Process

The process of the dual differential LS+AR polar motion parameters prediction is
shown in Fig. 7.1.

7.4 Calculation and Analysis

Polar motion parameters come from IERS website for prediction and accuracy
verification. EOP 05C04 data is selected for comparing with EOP_PCC results. The
analyzed data is from January 1, 2000 to December 31, 2009. One day has one
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Fig. 7.1 Dual differential LS+AR prediction process

polar motion parameter. The basic polar motion sequences are from January 1, 2000
to December 31, 2007. Dual differential LS+AR method is utilized to predict polar
motion parameters from January 1, 2008 to December 31, 2009. And the polar
motion parameters prediction values are compared with the real observation values.
The prediction days are from 1 to 30 days, the prediction number is 731 (corre-
sponding to two years). The prediction results are shown as follows.
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Fig. 7.2 PMX of from 2000 0.3
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Figure 7.2 shows the original polar motion component X orientation (PMX)
from 2000 to 2009. Figure 7.3 shows the direct LS fitting result of PMX from 2000
to 2009. In Fig. 7.3, it can be found that the residual after LS fitting shows obvious
fluctuation, and it is non-stationary. Thus, this study utilizes dual differential
method for preliminarily processing polar motion parameters, then LS method is
utilized to fit the differential polar motion parameters, the results are shown in
Fig. 7.4. It shows that the differential results are more stationary.

In the same way, PMY from 2000 to 2009 is shown in Fig. 7.5. The LS fitting
dual differential PMY results are shown in Fig. 7.6.

Then, utilizing LS extrapolation, residual AR prediction and inverse dual dif-
ferential, the one day polar motion prediction value can be obtained. In the same
way, different prediction days prediction value can be obtained. The prediction

Fig. 7.3 LS fitting result of EOP LS fit 2000-2009
PMX from 2000 to 2009 1 B EE A A

" Fit model
©
~ 05 = r ~ i ~ ~
- Ao R N — S \ £ X
( - '.\_ Jl) v-’ “JIJ’ N L/ \\.._.r ]
0 L . " L . 1 L . f
0 1 2 3 4 5 6 7 ru_lT
0.01 -
%
L 9 -
<
_0‘01 1 1 1 'l 1 1 1 1

)
o
w
-
=1

0 1 2 3 4 5 6
Time fyear



76

Fig. 7.4 LS fitting result of
PMX dual differential from
2000 to 2007

Fig. 7.5 PMY from 2000 to
2009

Fig. 7.6 LS fitting result of
PMY dual differential from
2000 to 2007
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Tab.le 7.1 MAE of po.lar. Prediction day PMX error(as) PMY error(as)
motion short term prediction

0.000255753 0.000201034
2 0.000602844 0.000481510
3 0.000976849 0.000782508
4 0.001384357 0.001105586
5 0.001796136 0.001428774
6 0.002199790 0.001749022
7 0.002581433 0.002057742
8 0.002952354 0.002358710
9 0.003327655 0.002667279
10 0.003713629 0.002989965
11 0.004112756 0.003325439
12 0.004519159 0.003658391
13 0.004943598 0.003992372
14 0.005385053 0.004340725
15 0.005828831 0.004699438
16 0.006274278 0.005058480
17 0.006719786 0.005407787
18 0.007157375 0.005750121
19 0.007594186 0.006092389
20 0.008034826 0.006432489
21 0.008475994 0.006783072
22 0.008926775 0.007140763
23 0.009389878 0.007513585
24 0.009866693 0.007900196
25 0.010361002 0.008295547
26 0.010858821 0.008695167
27 0.011348414 0.009085973
28 0.011835469 0.009478140
29 0.012335856 0.009890083
30 0.012851078 0.010306225

number is 731 (corresponding to two years). MAE is utilized to evaluate the pre-
diction accuracy, and the result is shown in Table 7.1.

Earth Orientation Parameters Prediction Comparison Campaign attracted 12
participants coming from 8 countries, who are the top professors or scholars in the
time sequence analyzing filed. EOP_PCC referenced to more than 20 prediction
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methods. EOP_PCC contains the ultra short term (predictions to 10 days into the
future), short term (30 days), and medium term (500 days) predictions.

This paper compared our results (BACC results) with EOP_PCC results in ultra
short term prediction and short term prediction. Figure 7.7 shows the EOP_PCC
results, Fig. 7.8 shows the BACC results.

By comparison, BACC prediction results of polar motion are at the same level as
EOP_PCC. According to one day prediction accuracy, BACC one day polar motion
prediction accuracy is better than EOP_PCC. In BACC prediction, one day pre-
diction error of PMX is at the level of 0.25 mas, PMY is at the level of 0.2 mas.
EOP_PCC polar motion minimum one day predictions error is at the level of 0.5
mas for PMX, 0.35 mas for PMY [1].

MAE (mas}): x, MAE (mas). y, MAE (mas): x, MAE (mas). y,
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Fig. 7.7 EOP_PCC prediction results of polar motion
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Fig. 7.8 BACC prediction results of polar motion
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7.5 Conclusion

The paper proposes dual differential LS+AR prediction method for polar motion
prediction. The Earth polar motion parameters from IERS are utilized for prediction
by dual differential LS+AR method. By comparison, this paper’s prediction accu-
racy is at the same level as EOP_PCC in ultra short term prediction and short term
prediction. The one day prediction error of PMX is at the level of 0.25 mas, PMY is
at the level of 0.2 mas in our study, this is better than EOP_PCC result. In the
following work, the proposed prediction method can be used to UT1-UTC and
LOD prediction.
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