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Tab. 1 Results of Different Methods when e=0. 1
B1E HAH LS fiit WAl it Liu i i} AT
1 1. 606 5 1.489 1 1.050 6 1.050 6
1 —16.160 0 —5.304 3 1.053 7 1.053 9
1 69.522 0 12.243 6 1.050 9 1.050 2
1 294.290 0 12.176 4 1.049 1 1.046 1
n 1 —2 082.400 0 —6.846 8 1.021 0 1.042 3
X 1 3 765.700 0 —19.525 6 1.077 7 1.039 1
1 —1717.100 0 —16.402 1 1.018 6 1.036 2
1 —1428.500 0 2.268 8 1.019 1 1.033 8
1 1 128.000 0 32.849 2 1.043 2 1.031 6
I A;(\/U 0 4,986 9 x10° 45.749 3 0.139 6 0.129 9
MSE(X) 0 2.486 9 x107  20.930 0.019 48 0.016 8
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Tab. 2 Results of Different Methods when ¢=0. 01
BH HAE LS 3t WAk it Liu ffi it ARSIy
1 1. 060 7 1.048 9 1.005 1 1.005 1
1 —7.160 3 —3.6957 1.005 4 1.005 4
1 7.852 2 2.124 4 1.005 1 1.005 0
1 30.329 0 2.117 6 1.004 9 1.004 6
n 1 —207.340 0 2.153 2 1.002 1 1.004 2
X 1 377.470 0 —1.052 6 1.007 8 1.003 9
1 —170.810 0 —7.402 1 1.001 9 1.003 6
1 —141.950 0 1.126 9 1.001 9 1.003 4
1 113.700 0 4.184 9 1.004 3 1.003 2
I A}?'U 0 4.986 9 x10? 4.574 9 0.013 97 0.012 99
MSE(X) 0 2.486 9 x10°  2.093 0 1951 1x10* 1686 8 x10*
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1 1.006 1 1.004 9 1.000 5 1.000 5
1 —0.828 4 0.936 9 1.000 5 1.000 5
1 1.685 2 1.002 4 1.000 5 1.000 5
1 3.932 9 1.111 8 1. 000 5 1.000 5
a 1 —1.983 4 0.921 5 1. 000 2 1. 000 4
X 1 3.864 7 0.794 7 1.000 8 1. 000 4
1 —1.618 1 0.825 9 1.000 2 1. 000 4
1 —1.329 5 1.012 7 1. 000 2 1.000 3
1 1.227 0 1.318 5 1. 000 4 1.000 3
I A;M 0 4.986 9 0.457 5 1.406 5 x1073 1.298 8 x103
MSE(X) 0 2.486 9 x10° 0.209 30 1,978 2x107°  1.686 8 x10°9
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Tab. 4 Coordinate and Observation Distance of Control Points

s A AR/ m ML #E S/ m
x y = di.1o din

P, 23.000 10. 000 0.010 25.078 69 16.765 17
P, 10. 000 9.990 0. 000 14.134 51 17.719 65
Ps 35.000 10. 010 —0.010 36.415 88 28.442 94
P, 100. 000 19. 990 0. 005 101. 479 43 93.168 39
Ps —36. 000 10. 005 0. 000 37.364 22 43.299 05
Ps 0. 000 10. 010 —0. 005 10.010 04 8. 600 60
Py 56. 000 9.995 0.010 56.996 06 49. 256 18
Py —15. 000 10. 105 —0.010 18. 035 90 22.559 66
Py —1.7000 10. 008 —0.015 10. 150 63 10. 043 82

AR T R R OB A
cond (A" « A)=4. 601 5X10°, B2 A&. 4% FH
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Tab.5 Comparison of the Results Among LS Estimator,Ridge Estimator,Liu Estimator and Our Method

BAH HAE LS ffiit WAk it Liu fli 31 ARSIy

0 —0.036 8 —0.041 1 —0.038 0 —0.038 4

0 0.051 8 0.027 5 0.022 7 0.022 0

0 9.363 1 0.086 0 0.3759 0.055 9

A 7 7.048 8 6.974 6 6.9759 6.973 3

X 10 5.596 3 10. 036 3 9. 866 2 10.019 6
-5 —4.648 2 —4.873 5 —4.904 4 —4.9117

S 0 0 0.482 7 0.137 5 0.137 5

H A)/},ﬂ 0 10.353 3 0.166 7 0.214 2 0.118 3
MSE(X) 0 18.281 3 0.219 6 0.170 9 0.014 0

5 P SRR AEA RS T b T
T E 1) S 50 a0 £l 12 vh 48 1 2 8 S 4
Liu i 7 35 FAS SO $2 19 07 i o 48 19 02 8 IE
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T ECAE . U B 2% AR T 3 A 0 A )RR P L
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76 GPS B ab B . TR 42 61 37 22 % 748 WL

03 Rt 0 P 4 0 R A B AR AR G
FR 0 25 VK I A e DL ) 5 L 25 B0 f AR
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A New Iterative Estimator Method Based on Liu Estimator for
I11-Posed Equations

JIANG Zhaoying'* LIU Guolin' YU Shengwen'
1 College of Geomatics, Shandong University of Science and Technology. Qingdao 266590, China

2 College of Science and Information, Qingdao Agricultural University, Qingdao 266109, China

Abstract: In the presence of the design matrix’s collinearity (which is equivalent to ill-conditioning) in
the linear regression model, the least squares (LS) estimator has large variances and its solution is
rather unstable, so the LS estimator is not the precise estimation any more. In order to weaken the ill-
conditioning, many biased estimator methods are introduced, such as ridge estimator, the principal
components estimator, the Liuestimator and so on. In this paper, based on the famous Liuestimator,
we present a new biased estimator which is called a biased iterative estimator method. With the aid of
spectral decomposition of the symmetric and positive matrix, the iterative formula is converted to a
simple analytical expression conveniently for calculating. And the iterative formula is proved to be
convergent in the condition of modified parameterd& [ —1,1]. Following the deter mination method of
modified parameter in the Liuestimator, we give a formula of the optimal modified parameter to mini-
mize the mean squared error (MSE). Finally., we use the proposed biased iterative estimator, LS esti-
mator, ridge estimator and the Liuestimator to calculate two numerical examples and give their experi-
mental results. In the first example, we respectively add different perturbations to the observation
vector. The simulation results show that compared with other three methods, the biased iterative esti-
mator is more stable under the perturbation. Comparison results of the second example show that our
new biased iterative estimator is more closed to the real value, that is superior, in the mean squared
error sense, to the LS estimator, ridge estimator and the Liuestimator.
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