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Tab.1 Root Mean Square Errors of Estimated Parameters for Different Schemes with One Outlier
S Xo/m Yo/m Zy/m /(1075 rad) a1 /(1075 rad)  a2/(10 7% rad)  a3/(107° rad)
E 3 19.302 1 10.579 6 15.580 1 2.600 1.510 1.160 1.750
E X 3.922 1 2.666 3 3.613 2 0.632 0.405 0.351 0.366
HES3 3.92 21 2.666 3 3.613 2 0.632 0.405 0.351 0.366
EX! 6.470 3 3.981 9 5.938 8 1.010 0.644 0.557 0.570
E S 4.502 9 3.163 6 4.381 6 0.696 0.453 0.410 0.452
EXS 4.194 9 2.907 2 4.106 6 0.666 0.435 0.382 0.407
2 FEINHEMNESARNHFRIREI L
Tab.3 Root Mean Square Errors of Estimated Parameters for Different Schemes with Three Outliers
ik Xo/m Yo/m Zo/m 7/ (107° rad) a1/(107° rad) az/(107° rad) a3/ (107° rad)
ER! 10.307 9 12.340 7 18.474 0 1.460 1.390 1.730 1.130
E ¥ 3.752 9 2.956 4 2.844 9 0.507 0.289 0.311 0.417
EE 3.752 9 2.956 4 2.844 9 0.507 0.289 0.311 0.417
EX! 8.797 8 6.880 5 6.709 9 1.230 0.664 0.770 0.952
ER 7.068 0 5.744 2 5.810 6 0.978 0.592 0.628 0.798
E X 1.695 8 3.896 1 3.931 2 0.671 0.404 0.413 0.518
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Tab.3 Root Mean Square Errors of Estimated Parameters for Different Schemes with Five Outliers

WS Xo/m Yo/m Zy/m 2/(107° rad) a1/(107° rad) ay/(107° rad) a3 /(1077 rad)
VED! 12.748 6 11.219 6 15.764 9 2.250 1.790 1.150 1.400
E N 3.414 0 3.380 1 4,576 3 0.610 0.469 0.380 0.424
VE X! 3.414 0 3.380 1 4.576 3 0.610 0.469 0.380 0.424
EX! 10.173 6 10.600 6 14.184 5 1.960 1.480 1.120 1.320
VE 8.900 8 8.467 6 11.919 8 1.580 1.290 0.956 1.110
EX 6.064 6 6.039 3 7.999 3 1.090 0.818 0.639 0.757
)
£ £
5 3
= I
< 2
o &
- O 1 1 1 1 1 1 5"‘ 74 1 1 | 1 1 1
0 100 200 300 400 500 0 100 200 300 400 500
i B H i B H
(a) X, MWt (b) a i
)
g mﬁ
3 1]
NG f
EN
_30 1 L 1 " 1 L 1 L 1 ;) 1 I 74 1 i 1 1 1 1
0 100 200 300 400 500 0 100 200 300 400 500
i B H i B E
(c) Y, fhife (d) a,fii#%
=
£ =
g 2
N =
30 L | | G | | S -4 Ll | I | | L
0 100 200 300 400 500 0 100 200 300 400 500
i HE i HE
(e) Z,fm# (O a i
S . ‘
= o HES e« JTE6
u]
2
= 40 ! 1 | | |
~ 0 100 200 300 400 500
i B E
(g) dufiiz

Fl1 Jrge s M6 MBS BRI 2 (B 5 (3 L2

Fig.1 Difference Values Between Truth Values and Estimated Results of Schemes 5 and 6 with Three Outliers

IR 2 . SR L AR 28 E R

FJ7 % 6 B I0 5 e 2 5O AT A AR e e 2 SR 4 & 18

By MR 25 /N F % 55 H A5 L 22 50 B 38,

HEREMRFH B, X5 1I~3 45 REAR— XF =4 AR bR e GHOBL R, R CCR H
HORHTHECHMNIMIEEBN T HE 5. B Newton-Gauss =AU B, S 7 %65 5 55 )7
A HELF P ERE R i R S S K s = B e S S



5543 &5 9 M) X

B AT« = 2 AR A T 11 o 0 - R R AR 18 R R 22 o ik

1325

R4 FESHMARCGHEREAPHARREAANEE)/m
Tab.4 Root Mean Square Errors of Check Points for Schemes 5 and 6 with One Outlier/m

Jr1n] S Jeg A mA 2 w3 gt w5 A w7
¥ VE 0.079 2 0.081 3 0.072 9 0.077 6 0.081 5 0.080 3 0.080 3
T 6 0.078 4 0.080 3 0.072 4 0.077 1 0.080 8 0.079 0 0.078 7
y TES 0.096 2 0.040 7 0.076 9 0.039 8 0.065 6 0.068 2 0.041 0
X 0.095 9 0.039 1 0.077 0 0.038 6 0.065 3 0.068 2 0.040 1
P VEX 0.084 8 0.052 2 0.067 5 0.059 8 0.077 6 0.082 8 0.057 3
EX 0.084 7 0.052 2 0.066 8 0.058 3 0.076 4 0.081 9 0.056 1
RS ARSHMARGHEREANHFRIRZEGCGANEE)/m
Tab.5 Root Mean Square Errors of Check Points for Schemes 5 and 6 with Three Outliers/m
J5 T ES JogivAn! ML 2 w3 Jag A B 5 w6 BT
X FH%ES 0.078 5 0.081 1 0.073 9 0.082 2 0.082 7 0.080 3 0.082 9
HE6 0.077 8 0.078 5 0.071 7 0.078 2 0.080 4 0.078 5 0.078 0
v VE 0.098 7 0.048 1 0.082 7 0.044 6 0.065 1 0.073 0 0.044 9
EX 0.094 6 0.041 9 0.078 4 0.038 7 0.063 9 0.070 7 0.039 2
7 FHES 0.089 3 0.056 9 0.068 3 0.061 8 0.076 8 0.083 4 0.059 3
%6 0.087 1 0.052 9 0.066 2 0.057 6 0.076 2 0.082 1 0.057 2
R6 FARSHMARCHEARERPHARIREG AEE)/m
Tab.6 Root Mean Square Errors of Check Points for Schemes 5 and 6 with Five Outliers/m
J7 1] ES =Xt =X A J=Y AR HA 4 A5 A6 AT
¥ FES 0.084 4 0.09 22 0.080 6 0.089 3 0.087 3 0.090 7 0.097 6
VEX 0.079 7 0.083 5 0.075 0 0.082 1 0.081 3 0.081 6 0.085 5
v H%ES5 0.104 0 0.057 7 0.087 7 0.052 2 0.072 8 0.079 4 0.057 6
HE6 0.097 9 0.047 5 0.083 1 0.041 9 0.069 5 0.072 1 0.046 8
P VE ] 0.099 5 0.066 1 0.078 1 0.073 4 0.085 4 0.087 9 0.068 1
EX 0.091 9 0.060 1 0.070 8 0.062 1 0.078 9 0.083 5 0.060 0
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Three-Dimensional Coordinate Transformation Model and Its
Robust Estimation Method Under Gauss-Helmert Model

LIU Chao' WANG Bin®> ZHAO Xingwang' YU Xuexiang'
1 School of Surveying and Mapping, Anhui University of Science and Technology, Huainan 232001, China
2 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China

Abstract: For three-dimensional coordinate transformation, it’s impossible using the Gauss-Markov
model to obtain optimal parameter estimation from the functional model with error in its coefficient
matrix. On the other hand, errors-in-variables model has difficulty expressing the functional model,
and partial errors-in-variables model is complex as well as too much parameters to be estimated for the
quasi-observation method. Therefore, Gauss-Helmert model is employed for three-dimensional coor-
dinate transformation. The target function of the proposed model is established based on Newton-
Gauss iterative algorithm, and the estimated method and its derivation procedure also are presented in
this paper. Beyond the above process, we proposed a new robust estimation method for the proposed
model, which is based on the normalized residual error and takes the influence of gross error on both
observation and structure spaces into consideration. Meanwhile, derivational process of statistical tests
and iterative algorithm are presented. The simulation experiment results show that the proposed esti-
mation method has the same accuracy as the traditional method, which has robust with angular di-
mension and other additional conditions, but less estimation parameters. In addition, the new robust
estimation method has effective robustness when comparing with the other existing robust total least
square methods for the coordinate transformation.

Key words: 3D coordinate transformation; Gauss-Helmert model; total least squares; normalized re-

sidual error; robust estimation
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