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P AR L M e T o, W Table 1  Plane (i:rcl)o;;l:}llazlsn:lrr;l :::ilrihl anomaly value
GPS S H S0 & A X, Wik, A SCit e R/ m z
B E AL R, A, B FABEES I S, % B : y ™
L LRy 1 897. 405 222. 838 5.764 6
2 898. 414 245. 022 9.854 0
R = (Sip) s Sip = /(o =) + (v =) 76 3 884.297 247.038 8.268 0
(18) 4 888. 330 260. 146 10.939 8
5 833. 881 286. 363 9.5327
2 KEARK 6 855. 056 278. 296 10.273 9
TN B S
KR FE R B REEN 1, L, -, 1, SRS 9 839.931 258. 130 4.6112
FREWA,, A, -, A, K 10 815. 731 272. 246 4.8825
. . 11 805. 648 269. 221 3.3137
A =1L-li= 1,2, n, (19) 12 821. 781 293. 421 9.605 6
FH T LI Ay 2l 7 S5 B ORI, PRIt 2 g R 13 805. 648 303. 504 9.980 6
Eaoh 14 794. 556 279.304 4.393 3
" 15 917.572 193. 597 2.013 3
o= |( ;AiAi)/nO (20) 16 917.572 233.930 10. 478 1
X HIE ) v R S B AT T om IR 17 841.948 309. 554 13.677 8
WU LSRR AR E [ o oy a0, 18 866. 147 279.304 11.104 0
R T M 19 930. 680 216. 789 9.690 8
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t=1
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Table 2 Parameters evaluation and root mean square error

on various estimation methods

b M%%ﬁ —— o
LS —-135.5711 0.114 2 0.173 6 0.576 7

TLS —141.300 1 0.1191 0.179 7 0.588 8
LS-IGG I -139.105 3 0.114 8 0.185 1 0.658 4
PTLS-IGGII -130.200 0 0.107 9 0.173 3 0.6459
R 24 -135.084 6 0.1139 0.172 7 0.583 2
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Table 4  Comparison of accuracy among various estimation

A[REH IGG M B2 Zrhw) {E Eailc| {E-&EK W methods (including gross error)
N . . N N 1 FH 2
TLS flHI7 M HORS B2 22T LS, X vt il & ViE
WE f?*ﬁ%@jﬂwﬁ%g‘fl :Lﬁﬂj * T Who WMo maM @M
/NS BORUEAT T R B REIRZZEUE, (HF LS 1.5353  1.076 5 1.3048  0.7250
L (A A g 2 800G o, S0l A 2 ) S M AT TLS 31194 2.6045 19423 1.4507
FEPERRAR . A 2B ] LS AR TLS f53 00 7e B IS-IGGH 12389 0.6340 12433 0.6282
@*ETE%;&%E@{%H% [:[:\3\ N HﬂﬁXS@'ﬁﬂﬂ’ﬁl %/[ PTLS-IGGII  1.253 2 0.623 7 1.2530 0.636 3
e A S Y [ T i B 1.539 6 1.081 6 1.300 3 0.714 6
ARV S A B IMESR IR ZENT, LS Al 5 ik e a8 v
*3 AEHEFTERESFRMBITAFERRELR
Table 3  Comparison of accuracy on various estimation methods under different points
P A4
ki 1~18 1~17 1~16 1~15 1~14 1~13 1~12 1~11
LS 0.480 5 0.462 2 0.396 5 0. 351 0.362 3 0.3325 0.298 6 0.2915
TLS 0.487 6 0.468 5 0.400 9 0.354 4 0.366 3 0.3358 0.300 9 0.293 6
LS-IGGII 0.537 4 0.525 8 0.4212 0.359 7 0.495 8 0.471 9 0.348 4 0.341 0
PTLS-IGGIT 0.493 0 0.487 7 0.409 8 0.3510 0.362 3 0.3325 0.298 6 0.300 6
BH 0.483 0 0.464 0 0.402 4 0.354 8 0.373 2 0.3399 0.3055 0.301 6




%3 JERFHESE . GPS J ARG AN IRl Al 3 Jr ik LA 505
5ol ' 101 —— PTLS-IGGGILF &
2T —— PTLSIGGGI 7%  LSIGGI %
20 — TLSTHR 0or
o LS-IGGII
= sf i 081
ﬁ — LSH%E g -
N 07 B
& )
06
0.5
0 50 100 150 200 bl
AR FERE R ZE R /NEAL/0.05m
0
B2 FEREXNTEHEITHFERREZTLE FERRE K
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Table 5 Effect of valuation on different types of errors

e A4 WA A
- weM  H M waM  wM
LS 0.456 6 0.706 7 1.072 4 0.939 8
TLS 0.578 6 0.774 3 1.063 5 0.974 1
LS-IGG I 0.482 0 0.768 1 1.209 1 1.211 4
PTLS-IGG Il 0.516 7 0.728 0 1.151 0 0.966 9
B 0.472 17 0.712 5 1.0511 0.923 9

Fig. 3 Root mean square error changes on model

fitting residual in first 100 times
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MR 6 Al HRGIREFAER, FEZHAG
TR R ZE S0 M AR R fe/he i s (13) WA,
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BT, AR D7 A5 22 7 7 FAf A 22
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Table 6  System error size effects on model accuracy estimate value

U T ETT
Wfro  Hille  paM  BWM

LS 2.032 6 1.318 1 1.099 5 0.901 6

TLS 2.0323 1.3523 1.100 5 0.933 1
LS-IGGII 2.0510 1.358 6 1.070 1 0.936 7
PTLS-IGGII  2.032 6 1.318 1 1.099 5 0.901 6
EBRL 1.9333 1.265 5 1.0213 0.871 0

4 RBEiHER

it GPS R 5 i BT UL G S A4S ALL 53
ZSH a7 LS, TLS, LS-IGGI | TLS-IGG I Fi>f
SRR PO R S DS Rt K
A 2E RS R 2R R R 22 (M BE 7, 18 810 F 458
(1) WM R & /NMRZER, LS Atk i &
KABERA 34, BAPEPONSERET] . &
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University of Technology, Guilin 541004, China)

Abstract: The principles and characteristics of different estimation models which including least squares, total
least squares, robust least squares, robust overall least squares and semi-parametric model are introduced to
compare with the error value characteristics of GPS height. And robust overall least squares model is empha-
sized. The abilities of identifying model parameters, the attenuate systematic errors, resisting the gross error
and different types are compared with these estimation models. The error value characteristics of GPS height re-
sults show that as the stability of the total least squares estimate is poor, the IGGII anti-difference scheme will
magnify the error of random model on plane fitting model. There will be great difference between the semi-para-
metric model and the least squares estimate model in the presence of systematic errors. And the least squares es-
timate model has the highest fitting precision.

Key words: robust total least squares estimate; semi-parametric estimate; GPS elevation fitting; scope of ap-
plication; optimal estimate





