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Tab.1 Common point coordinates
MY Xa Ya Za Xp Ys Zg
1 —2 066 241.500 1 5 360 801.883 5 2 761 896.302 2 —2 066 134.489 6 5 360 847.059 5 2 761 895.597 0
2 —1 983 936.040 7 5430 615,728 2 2 685 375.721 4 —1 983 828.708 4 5430 658.982 7 2 685 374.668 1
3 —1 887 112.730 2 5468 749.194 4 2 677 688.980 6 —1 870 005.171 4 5468 790. 648 7 2 677 687.268 0
4 —1 808 505.421 2 5512 502.271 6 2 642 356.572 0 —1 808 397.726 0 5512 542.092 1 2 642 354.4550
5 —1 847 017.067 0 5573 542.793 4 2 483 802.990 4 —1 846 909.003 6 5573 582.651 1 2 483 801.614 7
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Tab.2 Mean square error of coordination transformation under different R
R 1ot 1071 1071 1077 1072 1072 10°%
c 0.026 256 0.026 224 0.026 213 0.026 206 0.026 201 0.026 199 0.026 199
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Tab.3 Common point coordinates

J=8=2 1 2 3 4 5 6 7 8

X /m 1000 1000 1000 1000 —1000—1000—1000—1000
Y/m 1000—1000 1000—1000 1 000 —1 000 1 000—1 000
Z/m 1000 1000—1000—1 000 1000 1000—1000—1 000
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Tab.4 Coordination transformation parameter
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Tab.5 Calculated results of coordination transformation
TR A1 % A2 % A3
LS #ft 2k Bursa MTLS LS %1% Wit Bursa MTLS Wit Bursa MTLS
Tx/m 99. 996 806 99.996 806 99.996 806  99.994 673 8  99.994 673 8  99.994 673 8 100. 010 39 100. 010 642
Ty/m 119.993 241 119.993 241 119.993 241 120.000 185  120.000 185  120.000 185 119. 990 755 119. 990 55
Tz/m 210.004 822 210.004 822 210.004 822  209.996 654  209.996 654  209. 996 654 210.008 649 210.008 67
wx /(") 10.004 901 8  10.004 921 2 10.004 901 8  10.005 024  10.003 8121 10.004 546 9  10.000 271 5 10. 004 605 8
wy/ (") 20.007 398 9 20.007 487 9  20.007 398 9  20.011 6825 20.002 641 1  20.007 596 19.999 824 3 20. 007 567
wz/ (") 30.001 690 1 30.001 6853 30.001 690 1 30.005 516 2 30.000 448 1 30.001 477 9 29.999 983 6 30.001 501 3
m 0.001 043 72 0.001 043 72 0.001 043 73  0.920 078 7 0.920 078 71  0.920 078 74  2.500 004 89 2.500 145 93
- 0.139 268 71  0.139 2751  0.139 268 71  0.311 386 02  0.303 408 73  0.268 379 58 0. 688 345 05 0.504 368 83
% Bl W% B2 J7 % B3
LS &AL ok Bursa MTLS LS &AL Witk Bursa MTLS Wik Bursa MTLS
Tx/m 99.999 218 5 99.999 218 5 99.999 218 5 99.998 360  100.013 376 99.998 36 99.996 683 9 99.996 681 3
Ty/m 120.005 537 120.005 537 120.005 537  120.004 118  120.009 935  120.004 118 120.011 24 120.011 237
Tz/m 210.006 159 210.006 159  210.006 159  210.002 185  209.996 265  210.002 185 210.009 788 210. 009 784
wx /(") 0.999 919 14 0.999 977 08  0.999 919 2  1.000 463 75  0.999 770 74 1.000 256 51  1.000 077 64 1.000 192 26
wy /() 1.999 670 17 1.999 6552  1.999 670 2 2.000 331 65  1.999 401 65 1.999 886 74  2.000 304 01 1.999 991 3
wz/ (") 2.999 983 84 3.000 009 12 2.999 983 87  3.001 101 73  2.999 181 25  3.000 451 03 2.999 763 07 3.000 081 83
m 0.001 003 48  0.001 003 48  0.001 003 48  0.919 9956  0.919 9989  0.919 9956 2.500 019 04 2.500 013 65
- 0.011 61129  0.011 6488  0.011 611 29 0.034 214 98 0.030 085 058 0.025 672 38  0.047 721 62 0.041 253 87
J%E C1 % C2 Jr% C3
LS #4t ik Bursa MTLS LS %1% i Bursa MTLS i Bursa MTLS
Tx/m 99.996 131 6  99.996 131 6  99.996 131 6  100.018 081  100.018 081  100.018 081 100. 006 125 100. 006 125
Ty/m 120.002 155  120.002 155  120.002 155  119.991 43 119. 991 43 119. 991 43 120. 007 039 120. 007 039
Tz/m 209.996 411 209.996 411 209.996 411 209.994 612 209.994 612  209. 994 612 210. 020 582 210. 020 582
wx /(") 0.099 658 95  0.099 810 09  0.099 658 89  0.100 183 78  0.100 082 35  0.100 161 8 0.100 539 47 0.100 048 5
wy/ (") 0.199 946 36  0.200 088 09  0.199 946 4  0.200 238 57  0.200 200 62  0.200 194 4 0.200 439 44 0.200 122 1
wz/ (") 0.299 961 57  0.299 768 41  0.299 961 57  0.300 162 51  0.299 741 44  0.300 096 56  0.299 842 23 0.300 005 91
m 0.001 002 46 0.001 004 93  0.001 002 46  0.919 999 76  0.919 997 91  0.919 999 76  2.500 004 33 2.500 002 68
¢ 0.010 199 71  0.011 29156 0.010 199 71  0.015 846 02  0.016 550 07  0.015 678 24  0.045 959 26 0.033 928 8




700 Ko W & 5 Bk 3 S

20154F 8 H

N3 R LA e o RE S B AE R I T AR e
B 0 B = G A bR R A

3 % iE

D TE =48/ iy BE AR bR e fe b L B/ SR I
BRI B 25 R AR AR R 22 5 ), X5 TS 5 52
BRI fin A 38, X T A7 76 0L &R G0 25 19 55 B A
b B b5 J00ORS B2 BB, T — R ) O Ml Ak v A
8 22 A /I A R AR e o A SR FH i /s AR D A
B, SR, 036 SUBCH B U P O 22

PREGHEITING . T L5 A T 5 5 R 75 X ik 22
%Wﬂ%:u@&ﬁ%ﬁm%%

2) fe /N I B AR AT DL S BT e A Y —
Y A b e A8 o 356 AR UK B B A T A R T 4 i 1
e ROBE R /N B S5/ 3R 2k AR AT LSS B
i BE 1 A s e 4ot (B B/ — e R AN RE S B AR
RUBE BB 1) AR A e 46

3) Bl 9 A R YRR B AT DL S AT R AT
TG £ 0 A b B L R ARS FE S /D AR
MHEAK,

4) 2 JC AR B/ AR L AT ) SE AT R RUBE
1T TR # 10) AL B e 45, B 5 05 B T S0 19 A 2K
VAR I B/ e 3R T . HL A SR AT
T BRI T P A PR AR AR AR A 1R 22 11
Ol 25 8T A B A7 AR 1R 22 1 ) i, 15 A0
B AR R A

& & Uk
[1] Yang Y X. Robust Estimation of Geodetic Datum Transfor-
mation[ ] ]. Journal of Geodesy, 1999(3);68-274
(2] BEV 70450, Ko & 4 B ah [ M. Jb 5t i 2
2011 (Li Zhiping, Qiao Shubo.

R AL

Foundation of Geodesy
[M]. Beijing: Surveying and Mapping Press, 2011)

(3] BRI, Thep, MR, 38 F T KOE % iy 1) = 2 o 4 46t 114

P AR AL ). RO 1R B R, 2004, 29

(12):1 110-1 105(Chen Yi, Shen Yunzhong, Liu Dajie. A
Simplified Model of Three Dimensional - Datum Transfor-
mation Adapted to Big Rotation Angle[ J]. Geomatics and
Information Science of Wuhan University, 2004,29 (12):
1 110-1 105)

(4] WWRRE, WA, AR R S BOR MR — R H M R 1%
[0 BBKR 24 5B B2 I, 2008, 33 (11): 1 118~
1 111(Zeng Huai’en, Huang Shengxiang. A Kind of Direct
Search Method Adapted to Solution of 3D Coordinate
Transformation Parameters[ J]. Geomatics and Information
Science of Wuhan University, 2008,33(11):1 118-1 111)

[5] Grafarend E W, Awange ] L. Nonlinear Analysis of the
Three-Dimensional Datum Transformation[ J]. Journal of
Geodesy, 2003, 77: 66-76

(6] P, B, BRER . A&

A /N TR AE = 4 SR

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

g LT DU 4 2% 4, 2011, 40 (S1):
Qing, Lou Lizhi, Chen Weixian.

115-119 ( Yuan
The Application of the
Weighted Total Least-Squares to Three Dimensional Datum
Transformation [J]. Acta Geodaetica et Cartographica Sini-
ca, 2011, 40(S1): 115-119)

G BT 7L 45 CGCS2000 = AL A R 4% 45 1 10
FEA g [T, M2 224, 2013, 42(6) : 791-797 (Lii Zhip-
ing, Wei Ziqing, Li Jun, et al. The Establishment of High
Precise Coordinate Trasformation Grid Model of CGCS2000
[J]. Acta Geodaetica et Cartographical Sinca, 2013, 42
(6): 791-797)

BEYEMS . A ACT 22 BIE K N T LML b a0 % i
#,1990 (Huang Weibin., Modern Adjustment Theory and
Its Application [ M]. Beijing: Press of PLA, 1990)

Wk B B RGBS — RIS TR A B Y = 4 Ak A
A S ROR R UK ZE 540 5 BRE . 2012,
37(3):253-256(Yao Yibin, Huang Chengmeng. Li Cheng-
chun, et al. A New Algorithm for Solution of Transforma-
tion Parameters of Big Rotation Angles 3D Coordinate[ ] 7.
Geomatics and Information Science of Wuhan University,
2012,37(3):253-256)

KW AT T o R T B R A R B -IR R R AR 9 A
TR SR A b By R LT ] BRI, 2018( 1) ¢ 1
19(Zhang Meng, Yang Zhiyong, Ding Keliang. Research
on an Improved Bursa-Wolf Model for 3D Coordinate
Transformation[ ] ]. Beijing Surveying and Mapping, 2013
(1):16-19)

W AL SR B TC . B AR S I A = 4 A R A ™
AR AN LT BB R R BRI, 2006, 31
(12):1 094-1 096 ( Yao Jili, Han Baomin, Yang Yuanxi.
Applications of Lodrigues Matrix in 3D Coordinate Trans-
Geomatics and Information Science of Wu-

1 094-1 096)

formation [J 7.
han University, 2006, 31(12) .
Alexander K, Sanbine V H. Consistency of Elementwise-
Weighted Total Least Squares Estimator in A Multivariate
Errors-in-variables Model AX= B[] ]. Metrika,2004,59:75-97

Yaron A F, Robert C B.
sional Datum Conversion[ J]. GPS Solution, 2009,13:65-74

W AR . AR R R 1) 2 O BUR A R R BN —
ety kA 2 [T ). RO 4 15 BRI, 2012, 37
(2):178-182(Ge Xuming, Wu Jicang. Iterative Method of

On Symmetrical Three-Dimen-

Weight Constraint Total Least-Squares for Three-Dimen-

sional Datum Transformation[ J]. Geomatics and Informa-

tion Science of Wuhan University, 2012, 37(2): 178-182)
WA, BERT A F. 2 o0 A K R I = 4 A A

e i LT ] BRR 224 {5 BB K, 2014, 39
(7):793-798(Huang Lingyong, Lii Zhiping, Ren Yaqi, et
al. Application of Multivariate Total Least Square in
Three-Dimensional Coordinate Transformation[]J]. Geo-
matics and Information Science of Wuhan University,
2014, 39(7): 793-798)

BT AR W] e A TR A B TR s A R e B
FBE = AR AL BR BT R 5 Bk Bl T %, 2013, (2)
114-119 ( Yang Shiping, Fan Dongming., Long Yuchun.

Three-Dimensional Coordination Transformation Adapted



55035 B A BB A TR A AR B e T i G LR 701

to Arbitrary Rotation Angle Based on Total Least Squares (197 F iU, d5 /N — 7 Fic B 92 76 00 00 IX 3 190 S 22 1 = 46 ™ Ak BR

Method. [ J]. Journal of Geodesy and Geodynamics, 2013, AR R A LT ], I 225 42, 1989 (1) : 23-25 (Tang Shux-
(2):114-119) ian. Application of Least Squares Collocation in Aerial Area

[17] Shen Y Z,Li BF, Chen Y. An Iterative Solution of Weigh- Network Adjustment and Triangulation Coordinates Trans-
ted Total Least Squares Adjustment[J]. Journal of Geode- formation [ J]. Bulletin of Surveying and Mapping, 1989
sy, 2011, 85.:229-238 (1):23-25)

(18] #3098, FaA i, =4k Aehrdf e iy AR R PEBE R[] ] UK [20] BRTUR M 2 2 e ) 4T 22 2 BE AL R 22 98 5 0 4T 22
24 (5 BRI, 2003, 28(5) ; 566-568 ( Zeng Wenxian, FEa M. 2 BB K 2% AL, 2003 (School of Geodesy
Tao Benzao. Non-Linear Adjustment Model of Three-Dimen- and Geomatics, Wuhan University. Error Theory and
sional Coordinate Transformation[J]. Geomatics and Informa- Foundation of Surveying Adjustment M]. Wuhan: Wuhan
tion Science of Wuhan University, 2003,28 (5):566-568) University Press, 2003)

Comparison of Calculation Methods of Several Coordinate Transformation
GONG Xiaochun' LU Zhiping" WANG Yupu' LU Hao' WANG Ning'

1 School of Geography Spatial Information, Information Engineering University, 62 Kexue Road, Zhengzhou 450001, China

Abstract: The least square configuration model is analyzed in the application of small angle coordinate
transformation. The least square, improved bursa, and multivariate total least square models are ana-
lyzed in the application of arbitrary angle coordinate transformation, as well as for the impacts of scale
factor and rotation angle on coordinate transformation precision by experiment. It is proven that the
multivariate total least square model can achieve high-precision coordinate transformation of arbitrary
scale factor and rotation angle.

Key words: coordinate transformation; least square; least square collocation; Bursa model; multivari-

ate total least square
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Chuan,Chen Yi. An Innovation Algorithm for Solution of

Comparisons of Total Least Squares and Least Squares for Fitting Spatial Lines
HU Chuan' CHENYi"?* ZHU Weidong® QIAN Chengjun'

1 College of Surveying and Geo-informatics, Tongji University, 1239 Siping Road, Shanghai 200092, China
2 Key Laboratory of Modern Engineering Surveying, NASMG, 1239 Siping Road, Shanghai 200092, China
3 College of Marine Sciences, Shanghai Ocean University, 999 Huchenghuan Road, Shanghai, 200120, China

Abstract: In this contribution, an iterative algorithm of total least squares is organized for fitting spa-
tial lines. We projected spatial straight lines to coordinate planes perpendicularly, and then total least
squares (TLS) and least squares (LS) are employed to fit the plane’s lines. A simulated experiment
with three scenarios is designed to compare the estimated parameters and the variance of unit weight
from TLS and LS, respectively. In scenario one, the error of all points is normally distributed with
zero mean and identical standard deviation. In the second scenario, the error of each point is normally
distributed with zero mean and different standard deviation. In scenario three, the error of point coor-
dinate components is normally distributed with zero mean and different standard deviation. In addi-
tion, in a second experiment, a set of laser scanned data points are fitted by TLS and LS, respectively.

Key words: weighted total least squares; least squares; spatial straight line; 3D laser scan ; fitting



