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Abstract: The coordinates are obtained from observations by using least-squares method, so their
precision should be contaminated by observation errors and the covariance also exists between common
points and non-common points. The coordinate errors don’t only exist in the initial frame but also in the
target frame. But the classical stepwise approach for coordinate frame transformation usually takes the
coordinate errors of the initial frame into account and overlooks the stochastic correlation between common
points and non-common points. A new rigorous unified model is proposed for coordinate frame
transformation that takes into account both the errors of all coordinates in both fame and inter-frame
coordinate covariance between common points and non-common points, and the corresponding estimator
for the transformed coordinates are derived and involve appropriate corrections to the standard approach,
in which the transformation parameters and the transformed coordinates for all points are computed in a
single-step least squares approach. The inter frame coordinate covariance should be consistent to their
uncertainties, but in practice their uncertainties are not consistent. To balance the covariance matrices of
both frames, a new adaptive estimator for the unified model is thus derived in which the corresponding
adaptive factor is constructed by the ratio computed by Helmert covariance component estimation,
reasonable and consistent covariance matrices are arrived through the adjustment of the adaptive factor.
Finally, an actual experiments with 2000 points from the crustal movement observation network of China
(abbreviated CMONOC) is carried out to verify the implement of the new model, the results show that the
proposed model can significantly improve the precision of the coordinate transformation.
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model; intra-frame and inter-frame covariance
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Tab.1 Estimated transformation parameters between 2009 results and 2011 results
% t.0/cm tyo/cm t.o/cm k/ppb w,/mas w,/mas w./mas
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+0.027 +0.033 40.043 40.000 40.000 +0.000 +0.000
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Fig.1

Corrections vectors between result by using classical method and ones using combined method
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Tab.2 Statistics of the correction vectors between classical method and combined method cm
VES
max min mean std max min mean std
X 4.01 —1.27 0.08 0.49 6.23 —2.24 0.29 0.88
FE1 Y 4.53 —7.58 —0.14 0.93 4.87 —17.57 —1.53 3.06
A 1.60 —5.06 —0.27 0.76 6.05 —8.91 —0.95 2.06
X 10.88 —4.20 0.23 1.28 1.94 —1.38 0.05 0.36
FHE?2 Y 11.40 —10.18 —0.39 2.27 6.37 —2.64 0.20 1.22
A 6.64 —8.96 —0.74 1.87 5.14 —2.87 —0.21 1.00
X 4.02 —1.26 0.07 0.53 1.22 —0.43 0.01 0.15
FE3 Y 6.26 —6.09 —0.21 0.82 1.67 —1.07 —0.01 0.28
Z 3.44 —3.73 —0.17 0.73 1.52 —1.30 —0.01 0.30

42 HEERBESH
N T LI E RS 56 T AR bR S M BN A G BRI R A L AR 2 ST DL R 4 il TR
JENTBL, 3K 3 45t T S MR i B S S R L T B AR A AR ST O .

x3 AEIRESGIT

Tab.3 Statistics of the correction vectors in common stations cm
WA L i A 25 ML f i 7

WES

max min mean std max min mean std

X 4.14 —06.87 —0.15 0.84 4.20 —10.88 —0.23 1.28

FE1 Y 6.79 —11.16 0.24 1.45 10.18 —11.41 0.39 2.27

A 5.99 —6.52 0.46 1.20 8.95 —6.64 0.73 1.87

X 0.00 0.00 0.00 0.00 4.20 —10.88 —0.23 1.28

HHE2 Y 0.00 0.00 0.00 0.00 10.18 —11.40 0.39 2.27

A 0.00 0.00 0.00 0.00 8.96 —6.64 0.74 1.87

X 3.91 —6.87 —0.16 0.83 4.20 —10.88 —0.23 1.29

E X! Y 6.64 —10.37 0.18 1.62 10.18 —11.41 0.39 2.27

A 5.85 —6.10 0.57 1.30 8.95 —6.64 0.73 1.87

x4 HNEREBESIT
Tab.4 Statistics of the correction vectors in the checking station cm
" A e e R A 25 W B P A5 A

WIS

max min mean std max min mean std

X 10.02 —9.75 —0.16 1.24 9.84 —9.75 —0.22 1.32

FE1 Y 19.35 —13.37 0.09 2.23 19.31 —8.67 0.41 2.50

Z 18.36 —5.24 0.42 1.76 18.47 —4.20 0.59 2.03

X 09.86 —9.89 —0.19 1.24 9.84 —9.75 —0.22 1.32

HE?2 Y 19.77 —10.07 0.64 2.03 19.31 —8.67 0.41 2.50

A 18.77 —5.75 0.42 1.85 18.47 —4.20 0.59 2.02

X 9.92 —9.82 0.22 1.28 9.84 —9.75 —0.22 1.32

VEX] Y 19.40 —8.88 0.34 2.45 19.31 —8.67 0.41 2.50

A 18.48 —4.48 0.52 1.96 18.47 —4.20 0.59 2.03
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100), 2 5 45 il T AR Je ks B2 T AL AR e e i 452
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T o B R A A A A T A A ) A A SR AN
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Tab.5 Statistics of the correction vectors in the checking station cm
P 700K 5 A I A e A
S %
max min mean std max min mean std
X 9.86 —5.55 —0.18 1.40 9.86 —5.55 —0.18 1.20
0.01 Y 19.51 —10.06 0.62 1.84 19.51 —10.06 0.62 1.94
Z 18.77 —5.74 0.40 1.75 18.77 —5.74 0.40 1.76
X 9.86 —5.55 —0.18 1.40 9.92 —9.82 0.22 1.28
1 Y 19.51 —10.06 0.62 1.84 19.40 —8.88 0.34 2.45
Z 18.77 —5.74 0.41 1.76 18.48 —4.48 0.52 1.96
X 9.86 —5.55 —0.18 1.40 11.89 —4.98 0.23 1.92
100 Y 19.51 —10.06 0.62 1.84 19.88 —9.48 0.49 1.90
A 18.77 —5.74 0.40 1.76 18.31 —4.52 0.42 2.15
Wt 7 2oy AT R 0 A E N R TR E i--
FRHE A L STRE 40 B LT 5 o 11 8 I B B 23—
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ik it 1 1 DS R
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N 2 3 I R o R 7 2 DT P T e i
fb, Zat 10 Ay 2 W F HEZE L BIET 1, 0 2 4 6 8 10

PRAE T AT 77 22 DR 5 2 AR A ) G 5 ik B
A

iteration num
K2 FENTFmENAEL

Fig.2 Tterative adaptive factor
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