ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/359578311

Helmert variance component estimation with non-negative constraint of
covariance matrix

Article in Acta Geodaetica et Cartographica Sinica - March 2022

DOI: 10.11947/j.AGCS.2022.20200333

CITATIONS

0

6 authors, including:

= Leyang Wang =) Xiong Zhao
Y East China University of Technology ﬁ Wuhan University
140 PUBLICATIONS 426 CITATIONS 9 PUBLICATIONS 21 CITATIONS
SEE PROFILE SEE PROFILE
% Wenbin Xu Chisheng Wang
vV Central South University Shenzhen University
78 PUBLICATIONS 831 CITATIONS 78 PUBLICATIONS 663 CITATIONS
SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

poject  Time-Series Analysis on PS-InSAR results for monitoring bridges View project

roiect  iNVersion and adjustment View project

All content following this page was uploaded by Leyang Wang on 30 March 2022.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/359578311_Helmert_variance_component_estimation_with_non-negative_constraint_of_covariance_matrix?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/359578311_Helmert_variance_component_estimation_with_non-negative_constraint_of_covariance_matrix?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Time-Series-Analysis-on-PS-InSAR-results-for-monitoring-bridges?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/inversion-and-adjustment?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Leyang-Wang-2?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Leyang-Wang-2?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/East_China_University_of_Technology?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Leyang-Wang-2?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Xiong-Zhao?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Xiong-Zhao?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Wuhan-University?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Xiong-Zhao?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wenbin-Xu-4?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wenbin-Xu-4?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Central_South_University?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Wenbin-Xu-4?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chisheng-Wang?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chisheng-Wang?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Shenzhen_University?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chisheng-Wang?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Leyang-Wang-2?enrichId=rgreq-6f76563e6176c27f9e631b7c5b9d3dc9-XXX&enrichSource=Y292ZXJQYWdlOzM1OTU3ODMxMTtBUzoxMTM5MjQ4MjMzMjI2MjQxQDE2NDg2MjkzNTMyOTE%3D&el=1_x_10&_esc=publicationCoverPdf

Bo1E I mog %= Vol.51, No.3
2022 4£ 3 H Acta Geodaetica et Cartographica Sinica March,2022

S 32 ag K IR R M VR SO L A B 7 28 B Al B 2 SRR R R B D7 22 40 B A T D ] 0 2 22 42, 2022, 51(3) : 351-360. DOT:10.11947/].
AGCS.2022.20200333.

WANG Leyang, ZHAO Xiong, XU Wenbin,et al. Helmert variance component estimation with non-negative constraint of
covariance matrix [ J ]. Acta Geodaetica et Cartographica Sinica, 2022, 51 (3): 351-360. DOI. 10. 11947/j. AGCS.
2022.20200333.

hAEFEIERARVBHREARSFAFESD =M T

ERFN R OB FSGRT L ERSA . L &

1. RAEPR T KA 2 TR 4B YLV F 5 3300135 2. alBUR2E I 224 e, At #IX 4300795 3. K
SRR 55 BB AE BE IR KV 4100835 4. A5 (04 JE@ WL T 5 M 5T PR S5 W D 0 A S S
=L KU 4100835 5. TIN5 8 4K B U5 0 RV IX b 3 B M ) B A S g E L TR IR I 5180605
6. 5 Hk B T A2 - 0 R b BRI AR AR AR 999077 57, AR W IR HS B A BH 0 X 0 1L BR B W
RPN S E L VLT M A 330013

Helmert variance component estimation with non-negative constraint of

covariance matrix

WANG Leyang"”, ZHAO Xiong"?, XU Wenbin®**, WANG Chisheng®, FANG Nan®**, XIE Lei®

1. Faculty of Geomatics, East China University of Technology, Nanchang 330013, China; 2. School of Geodesy and
Geomatics, Wuhan University, Wuhan 430079, China; 3. School of Geosciences and Info-Physics, Central South
University, Changsha 410083, China; 4. Key Laboratory of Metallogenic Prediction of Nonferrous Metals and
Geological Environment Monitoring. Ministry of Education, Changsha 410083, China; 5. Key Laboratory of Geo-
Environmental Monitoring of Great Bay Area, MNR, Shenzhen University, Shenzhen 518060, China; 6. Department of
Land Surveying and Geo-Informatics, The Hong Kong Polytechnic University, Hong Kong 999077, China; 7. Key
Laboratory of Mine Environmental Monitoring and Improving around Poyang Lake, Ministry of Natural Resources,
Nanchang 330013, China

Abstract: How to determine the relative weight ratio in geodetic data inversion among various datasets is
one of the challenging topics. In recent years, Helmert variance component estimation method (HVCE) has
been widely used in the field of relative weights of joint inversion slip distributions due to its advantage of
simultaneously estimating the scale factors between virtual and actual observations, However, the HVCE
method sometimes suffers from the occurrence of negative variance. To overcome these problems, we
propose linear inequality constraints based helmert variance component estimation method (LC-HVCE), We
carry out synthetic experiment to verify the effectiveness and robustness of the LC-HVCE method and
estimate the uncertainty of LC-HVCE method by Monte carlo method. We apply the proposed method to
invert for the source parameters of the 2009 Mwe6.3 L’Aquila earthquake (ltaly). We find that LC-HVCE
method is more applicable and stability than HVCE method in determining relative weight ratio and
regularization parameter.

Key words: Helmert variance component estimation; relative weight ratio; regularization parameter; linear
inequality constraints
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Fig.3 The results of relative weight ratios of 10 000 experiments determined by HVCE method and LC-HVCE method

F2 FWARRE 10000 R TEHARFT E (HINE)
B

Tab. 2 The occurrence of negative variance ( negative
weight) was simulated for 10 000 times in two
groups of experiments

r s ik Al Az As
HVCE 0 3591 6606

1 LC-HVCE 0 4 14
A RARA - /() - 99.89 99.79
HVCE 0 4186 4217

I 2 LC-HVCE 0 0 0
HRLHRILH " /() - 100 100

AR 4 R A LC-HVCE B8 2 AH X AL L 7T L ol 362
HVCE 38 & A7 XA i 1 806705 22 (10 Ee 1

P 3 18 4 B3R 2 R, A s LI K d B

LR ZER) 10 000 YK 50, M HVCE i+ 5
Ao FIAs BB T 3591 F1 6606 Y G A AL
Fe (07 22) , i A LC-HVCE 85 A, M A,
BE 405 BT 4 YA 14 IR G A AL, A A
T HVCE 3, A 20 2 H fJ7 22 19 il 43 5
99.89 %6 1 99.79 %6 ; £ B AR 45 2% WL I £% 45 1) 97 4
AHXTALE /) 10 000 WX 5, F F HVCE 33t
A, R, B 43R 4186 F1 4217 Ry #
MG, M LC-HVCE 29 T, A7 i 50 3
KBGO 22 G A JLY R A 7 25 10 E 35
100% . & B nl s, A S ) LC-HVCE % 7]
DI S ks HVCE W 76 18 2 28 00 I 45 41 B
A BBORE G ALE i S Ak B b B £ 22, AL
A —E e .



#5034 TRV S5 WO 22 B A £ 24 SR R R SRR T 25 3 it Al O 357
x107°
| 0.3 10
0.9 0.2
0.8 I
07 0.1
0.6 0
~ 0.5 S -0.1 o
0.4 -0.2
0.3
02 =0.3
0.1 -0.4
0 Mo kit Lladiwo sl L. 1a s it bl ~0.5 -5
0 2000 4000 6000 800010000 "0 2000 4000 6000 800010 000 0 2000 4000 6000 800010000
IR IREL RIS IREL TR L
(a) HVCE (b) HVCE % 105 (c) HVCE
| T T 0.25 2.5
0.9
0.8 0.2 2
0.7
0.6 0.15
=05 &
0.4 0.1
0.3
0.2 0.05
0'(1) dh bl bl a0 el 0 0
0 2000 4000 6000 800010000 0 2000 4000 6000 800010000 0 2000 4000 6000 800010000
R AL PRI EL R IREL
(d) LC-HVCE (e) LC-HVCE (f) LC-HVCE

Kl 4 FIH HVCE %5 LC-HVCE 38 & 10 000 U AH XA H 45 3%
Fig 4 The results of relative weight ratios of 10 000 experiments determined by HVCE method and LC-HVCE method

3 2009 424 H 6 H bz Mg I ik

2009 4F 4 H 6 H , 2 R S Hn 28 H b X &
A Mw6.3 G = L 4 56 ] b 5t 4 4 Jm) (USGS) W 3t
R MR AR A E K (13.334°E,42.334°N) L 52 I
W 8.8 km, MR — T RAMMGT:, Kit
(1 P J B A B i SR, AR SO 126 > GPS
TE A8 000 50 (55 1 28 000 £ 4 ) L 2536 4> InSAR
FHBEFECRE B 2 ZOUM B H ) B 43 A an 181 5
B e J3hh R T 58 M AR SO 5 1 1 A 3, AR S
205 WL K i i 4 22k 0, HRR 254 0.5 10 ° m
F18y 8 30T 43 A B AL 3% 2 R Sk (30 38 i Ak 2k
218 32 I A ) B4 7 4 A T2 G E L 8
£ R W7 T2 O 7 A S B0k [ W7 )2 ik 240, 7E
1P ity T 22 o 28 TR O R T A ) T 2

42° 8

41°

KBE BB B & 30 Jem, 45 1k 24 1 4E A 2=
Hiu % K 7 2 T A 0 K 2 km X2 km R/NVEY
MIEHIT., #IH HVCE 5 LC-HVCE i &
GPS #4485 InSAR 48 B 5 B 38 B 19 AH X AL LE
HIEMAL S5O /N WL 3, HA8 A T 50 2 19 A
XA LY 55 1E T Ak 2 BRI I v [R) 7% 1 2l 43 A 4 R
meE 6 fims .

2% 3 W LA H L 76 P28 P72 b = 1) s i o
F A HVCE, LC-HVCE ¥ #i & GPS % #i 5
InSAR ¥4 2 [H] (4 #H XA . R HVCE 3
SRR B T 22 G O, A SR e LC-
HVCE 2 V8 b b sk e 1 53007 22 109 1 B0, P R AR
XA HEAB 0 B2 T8 45 P b 7% W B0 4 A A5 R
K6 FiR.

“30 20 <10 0 10

B P

12° 13° 14° 12°

(a) GPSTEAR

(b) InSARTINEH

14°  15° 12° 13° 14> 15°
(c) INSARPEHNHL %

K5 fiZshiiiE GPS 5 InSAR WIE 2% /) 45
Fig.5 The InSAR deformation data and GPS deformation data of the L.”Aquila earthquake



358 March 2022 Vol.51 No.3 AGCS http: / xb.sinomaps.com
2 B/m #3h i/m
0 0 0.95
N 1.8
-5 = -5 0.8
~ - . 4 0.65
E-10 N E-10
# = ~ G R 05
¥ s PAVAra ¥ s
VY 035
ra VAV 0.6
-20 fi - -20 0.2
3 02
> - 0.05
25 -25
0 5 10 15 20 25 30 0 5 10 15 20 25 30
TR AE 1] JE 85/km A€ 1] #E B4/km
(a) HVCE (b) LC-HVCE

Pl 6 i 2 i b T IR ST () 7 T 0 4 A 4 R

Fig.6 The coseismic slip distribution inversion results of the L.”Aquila earthquake

x3I RNERAMERERNBERNSIMER
Tab.3 The coseismic slip distribution inversion results of

the L’Aquila earthquake
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