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NEFERIE DL SCHR[6-T)WF 78 1 AEAE B AUREFE ) — MO0 T AL TLS (weighted total least
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Tab.1 Simulation Matrix Data with Random Errors

B A y w
10.4097 17.5439 12.4699 11.0963 15.8717 11.7254 27.5430 -1425.323
18.0334 15.1713 8.8826 10.2918 2.9287 3.6657 20.7268 -852.619
18.6313 15.8552 12.3210 1.1085 6.3919 15.8085 20.8389 -1142.913
15.6705 11.8784 3.5510 12.1040 3.8665 1.2567 25.0325 -658.407
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Tab.2 Parameter x along with Their Mean Square Deviations

SRR E LTLS ik WTLS 5%
%, 5.012 550 72 5.012 550 72
%, 9.994 963 66 9.994 963 66

o, 4.272 015 91X 10% 4.272 015 91X 10%

o, 7.245 756 27X 10% 7.245 756 27X 10%

T iz, -5.044 943 40X 10% -5.044 943 40X 10%

FERIIR ARG LT HEAT 1000 AR S5, 4 — RO R A MATLAB HHi
“normrnd” R H 4 FAEAEFE TR AR M AEZS 0 A ABENLIR 22 . A PR VA T 545 21 P R K«
BRI e 2] 1000 ST B FHAA (17) AR E], 55 A5 V5AE 1000 4
TEA T B AEAF BI S, RS ME S B ZSE]—4 1 000X2 [k 25k

E, = (%" -5,%"-10), j=1: 1000, thFRHEFELIARXD, = ELE, /(m-n)fFH, X

m=1000, n=0"". B H {2 A 55 — B9 B B Fh SV T 1000 41555010 i 2 A1 G i B 7 B
1R 2 i
ZERGTINER 3 Fon: WMEEERIAR -2, B 1 AE 2 geit By B i — B0 RGE
W17 LTLS Sk sfte, v S DR (K PRk 5 VR 48 RARF AL, X ith] 730 (D
19 31 () 2500 DR KL 0 A Aol VAR AR 1,
R 31000 ALEHHTR S HO T4 fE A Db DR K

Tab.3 Average Value of x along with Its Co-variance Matrix Based on 1 000 Runs

AUl LTLS &% WTLS 5
X %, 5.009 427 41 5.009 427 41
X
avg
R 9.998 257 46 9.998 257 46

2

1000 ZH 5256 -3 MH 0.004 3 -0.0051 0.004 3 -0.0051
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Fig.1 Deviation and Statistical Histogram of 1 000 Groups of Parameters Based on LTLS Algorithm
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Fig.2 Deviation and Statistical Histogram of 1 000 Groups of Parameters Based on WTLS Algorithm
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Tab.4 Average Number of Iterations and The Mean Time the LTLS Algorithm and WTLS Algorithm Need

under the Change of Number of the Estimator and Decrease Ratio



%13'%&% N LTLS N WTLS tLTLS tWTLS {}y I [:I:,fﬁJ %

10 5.18 4.5 0.224 ms  0.191 ms -
100 5.04 6. 36 0.681 ms 0.724 ms 5.9

1 000 5 6.75 0.033 s 0.044 s 25
10 000 5 7.5 2.681 s 3.909 s 31. 4
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Fig.3 Photogrammetry Example
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Tab.5 Distance Observations along with Their Standard Deviations

i ML AE iRz
I 14.1 mm 0.10 mm
I, 16.6 mm 0.10 mm
I, 6.1 mm 0.10 mm
l, 7.1 mm 0.10 mm
I 22.1 mm 0.10 mm
I 26.3 mm 0.10 mm
Y, 10.0 m 0.05 m
Yy, 8.0 m 0.05 m
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Tab.6 Coordinate Estimates of Points A and B

ARl AE LTLS &% WTLS $1i%
X, (m) 6.995 056 51 6.995 056 51
X, (m) 49. 715 632 1 49.715 632 1
Xy (m) 6.981 465 53 6.981 465 53
X, (m) 41.968 315 9 41.968 315 9
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Tab.7 Estimation of Distance Observations

Tiik } i } i } I V. v,

1 2 3 4 5 6

LTLS ik 14.070 1 16.635 1 6.032 4 7.178 4 22.137 7 26.256 7 9.994 1 8.006 8

WTLS 5% 14.070 1 16.635 1 6.032 4 7.178 4 22.137 17 26.256 7 9.994 1 8.006 8
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Linearization estimation algorithm for universal EIV

adjustment model

ZENG Wenxian! LIU Zebang? FANG Xing* LI Yubing®
1 School of Geodesy and Geomatics, Wuhan University, Wuhan 430079, China
2 College of Electronic Science and Technology, National University of Defense Technology, Changsha 410073,
China
3 Jinan Real Estate Surveying and Mapping Research Institute, Jinan 250001, China

Abstract: The universal EIV model extends the EIV model to the most general form,
and the weighted total least squares (WTLS) algorithm is proposed to take into account
the random errors in observation vector, observation vector coefficient matrix and
parameter coefficient matrix. In this paper, the nonlinear universal EIV function model
is expanded, and the second-order term is included into the constant term of the model,
so the universal EIV model is represented as Gauss—Helmert model in linear form, and
the Linearized total least squares algorithm and approximate precision estimation
formula of the universal EIV model are derived. Through the simulation data and
examples, this algorithm is consistent with the estimation results of the WTLS
algorithm of the universal EIV model, which verifies the correctness and feasibility of
this algorithm. When the model contains a large number of estimators, the linearized
estimation algorithm of the universal EIV model significantly improves the
computational efficiency and converges faster.

Key words: Universal EIV model; Total least squares estimation; Higher order residual

term; Principle of nonlinear adjustment
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