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Abstract: The two-step method to determine relative weight ratio factors in joint inversion is derived. In the first
step. without considering relative weight ratio factors. the joint inversion model of two or more kinds of observation
data is established. Through Helmert method of variance components estimation, unit weight variances of observa-
tion data are equal (or the ratio of unit weight variances is approximate to 1), and the reasonable and theoretical
weight matrix is determined. At the sametime, different kinds of observation data are normalized. In the second
step. on the base of reasonable weight matrix. the joint inversion model considering relative weight ratio factors is
established. The relative weight ratio factors are determined when objective function is minimum. Through simulated
data and several solutions, the effectiveness and feasibility of two-step method are proved.
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Tab. 1 Coordinate and displacement observation of

GPS stations

I
wi/mm v /mm ' /mm

X/m Y/m

1 100.000 100.000 1.000 20.200 0.7837 19.3672
2 100,000 300.000—1.000 18.600 —0.9373 18.7438
3 100.000 500.000—3.000 17.000 —3.5732 17.5955
4 300.000 100.000 5.000 62.200 5.5946 62.1812
5 300.000 300.000 3.000 60.600 3.1636 60.6873
6 300.000 500.000 1.000 59.000 0.9066 59.3629
7 500.000 100.000 9.000 104.200
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3 GPS

Tab.3 Cofactor matrix of GPS coordinate displacement

ui U1 us V2 us U3 uy Uy us Us Uug Vs uz U7 us Ug uyg Vg
uy 9.2 2.1 —1.6 2.8 —1.9 3.2 3.7 —2.6 3.1 4.7 6.3 4.1 —1.6 5.4 2.9 —1.1 2.9 —1.8
V1 2.1 8.6 4.7 —1.9 4.2 3.5 7.8 —1.1 —2.7 5.3 4.8 —1.2 5.7 3.9 3.7 4.6 3.4 5.1
u; —1.6 4.7 10.7 5.8 3.9 4.1 6.2 4.3 —1.4 3.8 1.9 3.9 2.8 4.2 —1.5 6.3 —1.1 3.6
V2 2.8 —1.9 . 8 9.8 3.3 —1.8 4.1 5.2 2.2 2.9 4.6 —1.5 3.9 2.6 4.3 6.6 —1.4 3.9
uy —1.9 4.2 3.9 3.3 11.4 3.5 —2.8 3.0 2.7 4.3 6.0 4.3 —1.1 2.7 —1.7 3.3 2.7 4.0
V3 8.2 3.5 4.1 —1.8 3.5 10.7 4.2 —1.3 5.1 2.7 6.2 —1.3 —1.5 3.7 4.1 6.3 —1.3 4.5
uy 3.7 7.8 6.2 4.1 —2.8 4.2 9.9 —1.8 —1.2 4.6 3.9 5.1 —2.7 7.1 4.6 2.9 4.2 3.4
v —2.6 —1.1 4.3 5.2 3.0 —1.3 —1.8 8.3 3.8 2.7 4.8 —1.7 —1.3 3.8 —1.5 3.4 2.7 —1.9
us 3.1 —2.7 —1.4 2.2 2.7 5.1 —1.2 3.8 10.6 3.2 —1.1 —1.3 —1.9 4.7 5.9 2.8 4.6 —1.1
U5 4.7 5.3 3.8 2.9 4.3 2.7 4.6 2.7 3.2 9.9 1.6 2.3 —1.0 2.4 2.7 —1.1 2.0 1.6
ug 6.3 4.8 1.9 4.6 6.0 6.2 3.9 4.8 —1.1 1.6 8.2 —2.7 —1.1 2.7 1.8 3.0 —1.1 3.7
Vg 4.1 —1.2 3.9 —1.5 4.3 —1.3 5.1 —1.7 —1.3 2.3 —2.7 10.4 1.9 —1.4 5.0 4.3 3.7 2.9
u; —1.6 5.7 2.8 3.9 —1.1 —1.5 —2.7 —1.3 —1.9 —1.0 —1.1 1.9 9.6 —2.3 3.0 2.9 4.1 —1.7
v7 5.4 3.9 4.2 2.6 2.7 3.7 7.1 3.8 4.7 2.4 2.7 —1.4 —2.3 8.8 —1.7 4.6 —2.7 3.6
ug 2.9 3.7 —1.5 4.3 —1.7 4.1 4.6 —1.5 5.9 2.7 1.8 5.0 3.0 —1.7 8.4 —1.1 2.7 3.7
vy —1.1 4.6 6.3 6.6 3.3 6.3 2.9 3.4 2.8 —1.1 3.0 4.3 2.9 4.6 —1.1 9.6 —1.1 2.9
wy 2.9 3.4 —1.1 —1.4 2.7 —1.3 4.2 2.7 4.6 2.0 —1.1 3.7 4.1 —2.7 2.7 —1.1 10.2 —1.5
vy —2.8 5.1 3.6 3.9 4.0 4.5 3.4 —1.9 —1.1 1.6 3.7 2.9 —1.7 3.6 3.7 2.9 —1.5 8.0
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v 6.1 18.6 4.7 —3.9 5.2 6.5 —3.8 5.1 4 (A= /rA=at /b, 1=0.6667
u; —2.6 4.7 16.7 5.8 —3.9 4.1 6.2 —4.3 5 o= AViP,Vi+ (1—20)VIP,V; =min
v, 4.8 —3.9 5.8 15.8 6.3 —3.8 4.4 5.2 @
u; —2.9 5.2 —3.9 6.3 17.4 3.5 —2.8 3.0 6 . .
7 @, (V1,V)=VIPV,+VIP,V,=min( )
v3 5.2 6.5 4.1 —3.8 3.5 18.7 4.2 —1.3 3 B (V, Vo) =VIV, VIV, = min( )
wi 3.7 —3.8 6.2 4.4 —2.8 42 169 —L8 9 @V, V) =VIPV,+(1—0)VIP,9, =min( )
vy —2.9 5.1 —4.3 5.2 3.0 —1.3 —1.8 18.3 10 @, (V,,Vy) = Z | v, ‘+Z | Vo | = min( )
6
Tab. 6 Inversion results of model parameters
e, (X107%) e, (X107%) e (X1076) w(X1079) | AX || A
R 20. 000 040. 000 0 —8.000 0-£0.0000 100. 000 040. 000 0 110. 000 040. 000 0 — —
1 20.787 940. 462 4 —9.554041.0514 100. 768 4+0.518 4 111.287 640.4955 2.2987 1.000 0
2 19. 429 841.987 4 —8.7318+1.6135 101.002 74+1.158 1 108.9258+1.1056 1.7378 0. 0000
3 19.584 740.682 6 —8.8744+£0.7725 100. 962 3+0. 453 0 109. 478 740.504 7 1.4611 0. 500 0
4 19.780240.9829 —8.969241.2875 100. 916 94+0. 7126 109. 816 940. 804 1 1.364 5 0.6667
5 20.787 4+1.393 2 —9.55354+3.1670 100.768 4+1.5615 111.286 84+1.4927 2.2977 0.999 9
6 20.556 940. 438 4 —9.380040.876 6 100. 779 54+0. 439 4 110. 960 940. 4459 1.9353 0.9551
7 20.556 940. 438 4 —9.380040.876 6 100. 779 540. 439 4 110. 960 940. 4459 1.9353 0.9551
8 20.17714+0.531 8 —9.160740.8718 100. 834 740. 453 1 110. 417 740. 494 2 1.499 9 0.8517
10 20.350 34+0.758 1 —9.25374+1.3598 100. 805 540. 694 0 110. 667 140.7353 1.669 9 0.904 5
9 2 , , 6 10 T

9 s 7. 8. 9 0.500 0,0.2127,0¢( 0zl ,



1 23
0 1) 0.3082, (1D) 1 , o<<a<<1
P.Gi=1.2) T (D) 0o 1, 5 1 ; 8
P.(i=1,2) A 0.9551,0.8517, ; 10
0 0.904 5¢ 6 )5 || AX | , ; 9
;R 2 . o
, BN 7. 8. 9 s s ( 10
10 , )
1 R (2) ( 4)
100 ( )
290
EJ %8 o ’
T 60 ( )
— 50 2.,4]
- A ’ ’
= 3% s ( 6)
- 10 - 20 ; - —
B0 02 04 06 08 1 0 02 04 06 0.8 1 ,
HIAHALLE 4 MDA
(a) 7735 E 1 (by FFRTOM A )ik £ 1% o
s ( 6)
L ( 2) o
e OV, ,V,)
10 . . . . F- 0 ’ ’
0 02 0406 08 1 % 0 02 04 06 08 1
FERIALEE 2 ARRHYLEL 2
() RSN H Ll (d) RO )i L ’ . 1
17.5 , 2
17
165 .
= ]Jé _
il )1_% @(V[ 7V2) )
= 145 , , D, (Vy,
13.5
13 V,) H
12.5 _
0D 02 04 06 08 1 , o, (V,,V,) ;
FEA AR A
(&) FrE100M i) 7k £ HE ’
1 53 (V] sz) ’ o
Fig.1 Residual graphs of some projects ’ °
(3) 1Ca)( 5) 1(d)(
3.2 4) AVIPV, 4+ (1—2VIP,V,
(1) /1 TV}“i)lvl +(1_T)V}P2V2 T
(. @ ;
. . 6 1 0, (4] A=1,
7 , 4)
b 4: . b
; 3
b . 5 b b



24

February 2012 Vol.

41 No.1 AGCS

http: / xb. sinomaps. com

GPS

(1]

2]

[3]

(4]

[6]

(7]

[8]

(9]

XU Caijun, SHEN Wenbin, CHAO Dingbo. Geophysical
Geodesy Principles and Methods. M]. Wuhan: Wuhan University
Press, 2006. ( . .

[M]. : .2006.)
DING Kaihua. Research on Stochastic Modeling in Geodetic
Joint Inversion[ D]. Wuhan; Wuhan University, 2006, (

[D].
. 2006.)

FU Yuning. Joint Inversion of Movement Parameters of
Main Faults and Blocks in Sichuan and Yunnan Area Using
GPS and Gravity Data[ D]. Wuhan; Wuhan University,
2007, ( GPS

. [Dl. . 2007.)
XU Caijun, DING Kaihua, CAI Jianqging, et al. Methods
of Determining Weight Scaling Factors for Geodetic-
geophysical Joint Inversion[J]. Journal of Geodynamics.,
2009, 47(1): 39-46.
DU Zhixing, OU Jikun, JIN Fengxiang, et al. Optimization

Inversion of the Relative Weight Ratio in the Joint

Inversion Models[J]. Acta Geodaetica et Cartographica

Sinica. 2003, 32(1). 15-19. ( s , s
[Jl.

2003, 32(1): 15-19.)
XU Caijun. Progress of Joint Inversion on Geodesy and
Geophysics [ ] ].
Wuhan University, 2001, 26(6): 555-561. (
[Jl.
, 2001, 26(6): 555-561.)

FU Yuning, XU Caijun. On Relative Weight Problem in
Joint Inversion Using Levelling and Gravity Data [ ] ].
Journal of Geodesy and Geodynamics, 2007, 27(2) ; 68-74.
(

0.

LI Shuang. Research on Models and Algorithms of Geodesy

Geomatics and Information Science of

,2007, 27(2): 6874.)

and Geophysics Joint Inversion[ D]. Wuhan: Wuhan University,
2005. ( (DJ.

: ,2005.)
DING Kaihua, XU Cajjun. Current Crustal Strain Field in
the Sichuan-Yunnan Area by Joint Inversion of GPS and

Seismic Moment Tensor[ J]. Geomatics and Information

[10]

[11]

[12]

[13]

[14]

[16]

[17]

Science of Wuhan University, 2009, 34(3): 265-268. (

. . GPS

[ , 2009, 34

(3): 265-268.)

ZHAO Shaorong. Joint Inversion of Observed Gravity and
GPS Baseline Changes for the Detection of the Active Fault
Segment at the Red River Fault Zone[ ]J]. Geophysical Journal
International, 1995, 122(1): 70-88.

XU Caijun, WANG Leyang. Progress of Joint Inversion
of Geodetic and Seismological Data for Seismic Source
Rupture Process[ J]. Geomatics and Information Science of

Wuhan University, 2010, 35(4): 457-462. ( ,

[Jl : 22010, 35(4) ; 457-462.)
WANG Leyang, XU Caijun. Comparative Research on
Equality Constraint Inversion and Joint Inversion [ ] ].
Journal of Geodesy and Geodynamics, 2009, 29(1). 74~
78. ( s
[J]. , 2009, 29(1): 74-78.)
XU Caijun, LIU Yang, WEN Yangmao, et al. Coseismic
Slip Distribution of the 2008 Mw 7. 9 Wenchuan Earthquake
from Joint Inversion of GPS and InSAR Data[ J]. Bulletin
of the Seismological Society of America, 2010, 100(5B)
2736-2749.
LIU Chongbing, NING Jinsheng, ZHANG Yushen.
Method for Joint Inversion of Seismic Surface Waves and
Gravity Data for Three Dimensional Density Structure[J].
Acta Geodaetica et Cartographica Sinica. 1999, 28(2).
103-109. ( B s
[l , 1999, 28(2): 103-109.)
CUI Xizhang, YU Zongchou, TAO Benzao, et al. Gener-
alized Surveying Adjustment[ M]. New ed. Wuhan: Wu-
han Technical University of Surveying and Mapping
Press, 2001. ( s s s
[(M].

TAO Benzao. Robust Homogeneous Analysis of Displacement-

, 2001.)

Strain Models[J]. Acta Geodaetica et Cartographica Sini-
ca, 2000, 29(4) . 293-296. ( . -
(1. , 2000, 29(4): 293-296.)
CHEN Jian, TAO Benzao. Geodetic Deformation Surveying
[M]. Beijing: Earthquake Publishing House. 1987. ( s
M. , 1987.)
( : )

: 2011-01-10
: 2011-07-28
(1983—), , s

°

First author: WANG Leyang (1983—), male, PhD, lec-

turer, majors in geodetic inversion and geodetic data

processing.

E-mail: wleyang@163. com



