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Measuring three-dimensional surface displacements from
combined InSAR and GPS data based on BFGS method

HU Jun',LI Zhi-Wei'* ,ZHU Jian-Jun',DING Xiao-Li" ?,
WANG Chang-Cheng' ,FENG Guang-Cai' , SUN Qian'
1 School o f Geosciences and Info-Physics, Central South University » Changsha 410083, China

2 Department of Land Surveying and Geo-Informatics, The Hong Kong Polytechnic University » Hong Kong . China

Abstract InSAR has the advantages of wide spatial coverage, high spatial resolution and high
precision, but it can only measure one-dimensional surface displacements in line-of-sight (LOS).
While GPS can monitor three-dimensional surface displacements, it is generally with very low
spatial resolution. In this paper, the method of combining InSAR and GPS to measure three-
dimensional surface displacements with high spatial resolution is studied. Firstly, it is proved
that a local optimization method is sufficient to achieve the global optimization solutions of the

objective function model, which is used to optimize the InSAR and GPS integration. Then the
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BFGS method is introduced in this study to estimate the optimal value of the three-dimensional

surface displacement velocities. Compared to the global optimization method or the analytical

optimization method, the BFGS method is very simple in computing and easy to converge, and

has good resistance to numerical instability. In the last of the paper, the results of numerical

simulations and real data experiments over Southern California are presented. They show a great

improvement of accuracy when the proposed methods are used. Especially, when the observation

or interpolation errors lead to ill-condition in the coefficient matrix of normal equations, the

analytical optimization method can result in great errors, while the BFGS method works very well.
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Fig. 1 The simulated three-dimensional displacements velocity fields on 100X 100 grid

(a) East-West direction; (b) North-South direction; (¢) Up-Down direction.
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{14 72 30T 9 W A 3 S A B T R B InSAR Wi )
FILAR . K 2 Ca) A (b)) 3 1) 57 A 2 i e s T R
B InSAR Wi W (9 LOS J7 11 I iy 36 B A% R
[Vies Viesl.

TE 100 X 100 [ #4001 3R = 2 T 28 3 3 37 1) ()
B B BEBLIE R 100 4~ GPS A5, $2 B 5 4~ GPS
ME IR AR AR R AR EZE N 1 em AT 2.5 em
R Ve 30T 9 e S 0 S ) GPS A5 1Y 7K S F 2R I AR
O I R L i R S ) | = Rl
GPS W5 I %54 1% N 48 2= %8 1> 100 X100 19 ) A% i
e PR BIAN InSAR A [F] (4 25 8] 43 B, B 3(as b,
o) BRI 100 A4~ GPS s o4 47 T 15 1 H & = 4P
Ry [V, V, V.. oA H.GPS SEEG -
AR5 43 A o AE GPS 558 0§l B 1 3 )7, 35 38 0 HL
ST ERCR 2 BRI A T M. Beok . |
FAKF-J7 1) b A W 7S /0N B AT A A A 4 SR W
g 5 7 1)

3 A 2 TR R InSAR W ) Hy 2%
AR (Vs Vi) il GPS /41 1 Hb 3 = 4 % 45

S

& [V, V, VoI, el ORI (O F1 BFGS J7 A4k
TFaR e i M 3% = 48 A8 R I 35 P, 4 K
xo =1[0 0 0],[V, V, V.JHI[50 —80 —100],
e 245 2 I b 3% — 2T AR MR 3 50 4 — B AR IR
BOUSNh 2 .2 R 3 W T i — A UE B T
BFGS J5 iR 15 19 J2 4 Jmy Jee 0 i, HL LA M 46tk
S, XL F 100 Ay GPS A5 1l 28 = 2 TP A8 14 i
LA AN 3(ds e, D AR, 0] LA H . T B 0 A %
T 742 S 3R S 1 B i o JL T RS 0L 19 b 3R T 78 3
RE) T — 20 ARG R A R R Z L H AT
GPS 1935 3 7o BL 4 470 (5 45 3 5 1M pig AL 1) 19 b 36 0% A
R FEA A GPS 3% 38 7 B4 (5 45 R —#F.

FERESE T R B, W AR TR InSAR (940 T 3k
BT RV HAH R b T AR WA U 2 o AR VN T
GPS WL S5 A A FR 1 22 0 BB i AT 325 H 1
207 R F BOH BERAR AT BE S ™ A A, Y
InSAR B4 T#Ei5 2] 0. 99, T GPS Wi il % 4 {4 #%
W2 KT 10 em B 0 /oy, << 107" B 33X S i BT
T BORG BE fAFEAR KR 25, | 3(g—D iR Tk
g8 A 95 B i B 4 SR W LU . = AN T 1 B RIE AR
SESLAR B TS R AR A e 2 5 3K A R O O B A T
TP ZR RO I O A B L SR AR BRI 107, R
PG AR TAR K iR 25, I A SCT 4 M 1 3 O ik
DT LAAR e 1 HE T 8 245 5 1 AN LR g AT 8K mT A
15 3 54 5 00 v R 2 45 (&l 3(d—D).

KT E RN TR A LFER 1
T ENRY TR ZE (RMSE). 1] LA . H
F GPS i {1, B 450 15 o 1 s /K8 J 1) B 1
b T AR W RS B2 . T AR SCHb T 4 1 BT i 0 T
AR 185 2R 1 1) P2 39 Y0 22 A 1 TR A Wi K 5 3
FL ] b T AR IR R AR e i B BT R A L T
GPS i {75 R 2 53 1 W 4 1 F- 34 8 8 T k&4



122 H Bk ¥ B % R (Chinese J. Geophys. ) 56 #

40

60

80

100

40 60 80 100

EE 0 0 .
-10-8 -6-4 -2 02 4 6 8
v/(cm-a™)

220 2 4 6 -10 -5 0 5 10
v/(cm-a™)

B3 (o) (o) il v B4 (5 15 14 B 0 b 3k =20 B A8 5 () — (D BFGS I3 Bl 3% = 4B AL R Y s (20— (D
TE e/ e << 107" AH BT MBATEEAT 20 193t 32 = 4RTR AL R 3. A2 A5 43 0 D 7R V4 1) L g b 1] R T 7 1) 4520 PR 8 X
FHHLLERY 100 4> GPS WL .

Fig. 3 The three-dimensional displacements velocity fields estimated by (a) — (¢) ordinary kriging, (d) — (f) BFGS

method and (g) — (i) analytical optimization method with gy./6.. << 107", respectively. The left row represent the

East-West vectors, the middle row the North-South vectors and the right row the Up-Down vectors. The black dots are

randomly picked locations of 100 GPS stations.
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Fig. 4

(a) The interferometric displacements velocity map and (b) coherence map of Southern California

The shaded reliel map of Southern California from SRTM is used as base map. The triangles and

squares represent the locations of 52 GPS sites used in this study.
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Fig. 5 The three-dimensional displacements velocity fields of Southern California respectively by

(asb,c) ordinary kriging, (d.e,f) BFGS and (g,h.i) Analytical method

The left row represent the East-West vectors, the middle row the North-South vectors and the right row the Up-Down vectors. The 47

GPS stations with small black triangles are used for interpolation, while the 5 station with small black squares are used for validation. P

and SFS represent the Pomona and the Santa Fe Springs areas, respectively.
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Table 3 Comparison of the root mean square errors of the
displacements velocities derived from different methods

in the Southern California experiments (Units: ecm + a™')

RMSE
J7 ik
U vy Vs
GPS {2 0.15 0.11 0.46
HIE Rk 0.15 0.11 0.43
f# AT 0.24 20. 97 2. 04
T 0.11 0.10 0.42
:k N
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