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*1 FRETHEAXER
Table 1 The basic information about the point T'

Point L/° B/° &/ n/"
T 272495356 39.833015 1.35+0.31 7.09+0.38

NESUE A S 7 R Ag M, [R5 RS BIEG M-
2008 7737 15 R (AR FE (VWL SCHR[11)), &t T L
T HANRES T R ARSI P AT SR,

&L ERBIIEEE IR, &t TedSH
AN AR 22 I B i A7

RIGHE (1): 5 25184 I AN I NAT AT %
72, PRFR IR B AN AR

IRIGEHE (2): £ AL ANIN LS mm iR 2,
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WU HIE (3): 76 AILALANIN 110 mm iR 2, W FEAL & R 22 W R

¥ FLAG 3 OS2 W0 M BRIG B (6): 7E ALAEANIN 150 mmf iR 22,
IR (4): 7F AILEANI 120 mmA iR 2, W A 3 S O ZE WA
¥ FLAL 3 R (EORS B2 WE A; ) A ST 7 12 R ST R [18] 75 ¥k 43 0 %o 6 4 B 4

I HHE (5): 7E M 1AEAN I 130 mmf iR 2, AT 2B 45 R anR2FTR.

R 2 ARIPARNHGESE(18])FETELERMAFEILE

Table 2 Comparison of calculation results and accuracy between the proposed method and the method

in Reference [18] in scheme 1

Method of Reference [18] Method of this paper
Test data  VDs

Estimates/” mg3/” &/" Estimates/” mgs/" &/"
13 1.12 + 0.03 1.15 + 0.01

(1) 0.04 0.01
n 6.76 + 0.04 6.73 + 0.01
13 1.29 + 0.11 1.16 + 0.01

(2) 0.13 0.01
n 6.54 + 0.14 6.71 + 0.01
I3 1.46 + 0.25 1.16 + 0.01

(3) 0.30 0.01
n 6.32 + 0.32 6.71 + 0.02
13 1.81 + 0.53 1.16 + 0.02

(4) 0.63 0.02
n 5.87 + 0.69 6.71 + 0.03
13 2.15 + 0.81 1.16 + 0.03

(5) 0.97 0.03
n 5.42 +1.05 6.70 £ 0.04
13 2.84 + 1.37 1.17 + 0.07

(6) 1.64 0.06
n 4.53 + 1.78 6.70 + 0.05

1 2 b 56 H s (1) B 45 SR PT LUE L, FEAN N T %2 A T ik — BRI AR ST ik A AL

AEART R ZERT, AR S 2 S T 28 22 43 5 R0 STl e vk, SEtARRALE . AFE R /NRZE P2 1,
EARIE, B 5 SCHR[18]) 5 ik 5 45 A R — B R 2 SV A BARAE N 7 20 IR B AT

I AR SC 7 S 38 I B A B R Z£6080.017 RO B (1) 6 AR 3AEAN ST I ik
T SCHR (18] T 5 56 J5 B A7 A R % 226 90.047 . Itk 5 mmAI10 mmiz 22, K H oo o [F B 5 BE LR
Ab, HARIEEHE (2)—(4) I TH B 45 T, %0 22 L Bt AR B, FL AU s A AE
AFAEARCNE P2 OB, SCRR (18] A v 5 &5 SR 75 1% W9 B PE(2): X AR A3AANSY B N b
B2 E B EE, e =1.12". n=6.76"2)5 10 mmM20 mmiR 72, 4 I ofis oRs B0 M,
e = 1.81". n = 5.87", HitE KK e T %, LR I H AR

EH ARG E 4 (5)—(6) I THEL 25 JnT R, 430l A1 RIG K (3): X ss1. AL3FN S 6 AN FI N
FH 22 WUINAEL I, STHR[18) T 5 45 S 25 20 2 B {E F5mm. 10 mmM20 mmie 2, 4 3 ks A E
FEEL R RE TR 2R b, AHECSCHR[L8], ATk B A WAL 22 0 DU B R0 22 AMECORE T 25, L0
A RAE, HRER 5, hiEM T IEHE AR
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WG H i (4): X1, A3F T 6 AN S I 0
10 mm. 20 mmA130 mmiz %, K H s R 5] i)
TR FEE O 00 5 FRE 222 0 5, HL A 0 4
AR,

A3 I A S 7 VRS HL 5 VAL B DL 420 5
i, 45 RUR3FR.

*®3 HR2PANFESE (18 AT EAERRIEE L

Table 3 Comparison of calculation results and accuracy between the proposed method and the method

in Reference [18] in scheme 2

Method of Reference [18]

Method of this paper

Test data  VDs
Estimates/” my;/"” &/” Estimates/” mgs/” &/
13 0.94 + 0.30 1.16 + 0.01
(1) 0.36 0.01
n 6.09 + 0.39 6.71 + 0.01
13 0.77 + 0.62 1.15 + 0.01
2) 0.74 0.01
n 5.42 + 0.80 6.71 + 0.01
13 0.26 + 0.66 1.16 + 0.09
(3) 0.79 0.06
n 6.09 + 0.86 6.72 + 0.10
13 —0.26 + 1.07 1.17 + 0.12
(4) 1.28 0.08
n 5.42 + 1.38 6.70 + 0.14

HR3TT LAE Y, Bl 0N iR 22 50 19 3 i Al
BB R, SCHR[18]HITHERS AT T B, A5
LB 226 N0.36" 38 N F T 1.28"; SCHR[18]
L 22 1 7 Ml EE MR R B 1127 A8 3 T
55 11—0.26", I 73 Enp MK FF 46 16.76" 22 2] |
A 15.427 ) VF 25 S0 2 20 8 A AR R, AL
T v A 26 A 25 BUE — BRI R 29 KT
fA]HH 2 R 56 b (1) RO &5 SRARE, TH 45 RS2
FERCAN K, ML) BAEMIE. R, ATt
SRS R A B AR g

4.2 Ef2

SELA L P PR HCHE S 7 Hh 3 B AP SR b X SR EU
LM ZE BN, BAEG]RA5, NMEAR, SR
FE SEPR TR rss i s 2 A R 2 S AN . X,
126 F SCHR[15] e S 0 #5485 4F Dy S350 200 12X 56 2 40,
2 H S B SR i 4K R 2992000 mifVLBI (Very
Long Baseline Interferometry) 7k £ f& il & [ %
i), A AU AT I3 TR,

I3H, AiD1-D34 1 3 28 fh 2 H°1R F —.
AR RSN Y, A AT 33088 B R T 5%
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SE L AR GE R T R ) MAT, T AE R WL AR4, oK
7K Y T 22 BE /& FHEGM2008 2 /) 3 B84 Sk 45, ik 56
K D 1-D3 Ak ) 3 2 i 2= S I B M 4 5 A
ARSI LSS AE. sP1-P5 & SIGUAO (GPS
Station of the Urumqi Astronomical Observatory)
RO AR AR FH GNSSTIE R GEIAT, 126> w1
FRKHETH 22 BE 7 B T EGM 2008 /337 B 3K 15

K3 A28 o R )

Fig.3 The example 2 data distribution diagram!®
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filp S 1) T B M 22 5 240 58 ELAE BEAT X L, e A IR K 2535 RS D1 D3kE TR 2k 4 22 DA K 5 4
FEEEGTHE M ANRS. KPR FAE I 28 ; 6% Y T ARSI VEFI SR [18] 1 fil 52
T T SCHR[18]. EGM2008HE /73715 1 K S5 RARE .

#4 BDI-D3EXER
Table 4 The basic information of points D1-D3

Points L/° B/° &/ n/"
D1 87.178325 43.471238 32.78 £ 0.05 11.38 £ 0.05
D2 87.179440 43.471926 32.79 £ 0.02 11.33 £ 0.03
D3 87.178188  43.470774 32.56 £ 0.06 11.38 + 0.16

®5 MEETEERSUEREMER

Table 5 The three methods results compared with the theoretical values

Methods Points Estimates Theoretical value Difference
& wf g ) Ag Ayt
D1 32.06 12.54 32.78 11.38 —-0.72 1.16
Reference [18] D2 3190 12.04 32.79 11.33 -0.89 0.71
D3 32.48 12.33  32.56 11.38 —0.08  0.95
D1 32.70  13.07 32.78 11.38 —0.08 1.69
EGM2008 gravity field model D2 32.64 13.03 32.79 11.33 -0.15 1.70

D3 32,71  13.11 32.56 11.38 0.15 1.73

D1 32.65 11.88 32.78 11.38 —-0.13  0.50
This paper D2 32.46 11.53 32.79 11.33 —0.33 0.20
D3 32.86 11.89 32.56 11.38 0.30 0.51

*6 BHR2P A FAESE (18] AT EAER REE I

Table 6 Comparison of calculation results and accuracy between the proposed method and the method

in Reference [18] in example 2

Method of Reference [18] Method of this paper
Points  VDs
Estimates/” mj/” &/" Estimates/” mg/" &/
13 32.06 + 0.65 32.65 + 0.25
D1 0.04 0.02
n 12.54 + 0.61 11.88 + 0.27
I3 31.90 + 0.74 32.46 + 0.13
D2 0.05 0.01
n 12.04 + 0.54 11.53 + 0.09
13 32.48 + 0.42 32.86 + 0.16
D3 0.05 0.01
n 12.33 + 0.62 11.89 + 0.09
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A Robust Least Squares Rigorous Solution Method for
Calculating Vertical Deflections

YANG Hao LI Zong-chun RAN Jia-huan LIU Zhong-he HE Hua
(Institute of Geospatial Information, Strategic Support Force Information Engineering University, Zhengzhou 450001)

AsstracT To address the current problems of low accuracy and poor robustness in solving the vertical
deflections using the geodetic level model, a rigorous robust least squares solution for vertical deflections
is designed. Firstly, based on the relationship between geoid and vertical deflections, the Earth Gravity
Model 2008 is used to calculate the initial parameters. Secondly, this method introduces the median robust
method and chooses the Huber weight function to calculate the equivalent weights, and the robust least
squares solution of the vertical deviations is obtained by iterating. Finally, the design method is validated
by two experimental examples. The results show that the maximum deviation of the vertical deflections
components calculated by this method from the theoretical value is around 0.5”, which is more accurate
than the comparison method. Meanwhile, the proposed method can effectively resist the influence of gross
error and has strong robustness.

Key words vertical deflections, least squares, robust estimation, Huber weight function, EGM2008
gravity field model
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