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Inversion of gravity data in wavelet domain using normalized forward models

Motasharreie, A.! , Zomorodian, H.? , SiahKoohi, H. R.> and Mirzaei, M.*

'Graduate Geophysics, Islamic Azad University, Research and Science Branch, Tehran, Iran
%professor, Geophysics, Islamic Azad University, Research and Science Branch, Tehran, Iran
®assistant Professor, Earth Physics Department, Institute of Geophysics, University of Tehran, Iran
* Assistant Professor, Physics Department, Arak University, Iran

(Received: 18 Nov2008, Accepted: 12 May 2009)

Abstract

Due to the remarkable advantages of wavelet transformation, this technique is now very
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common in gravity analysis. In this research the Green’s function occurring in the Poisson
potential field theory is used to construct non-orthogonal, non-compact, continuous
wavelets. This kind of wavelet is directly corresponded to upward continuation procedure.
Simple geometrical forward models such as Sphere, Vertical and Horizontal Cylinder,
Thin sheet and Vertical sheet are applied as forward models. First, analytical wavelet
transform of the models is calculated, and then the amplitude and the location of the
maximum of the product is applied as a new mathematical model (forward model).

The new models have a mathematical relation with the source parameters such as
depth and shape of anomaly. However, because of being normal the forward models do
not have any relation with the physical parameter of density contrast.

In order to examine the accuracy, precision, behavior and application of the offered
method, the synthetic data for both noisy and noise-free data, has been applied.
Subsequently, considering the applicability and expansion of the method for applied
goals, some suitable real datasets have been used. For the purpose of gathering data and
testing the algorithm, two sources of data were accessible: Institute of Geophysics
University of Tehran and the National Iranian Oil Company. Formal permission was
granted by both institutions. The outcome of this process was compared with the result of
other established classical methods. The parameter of depth estimated by both methods is
very close (about 400m difference for the depth of about 3.5km).

After careful assessment, it became evident that results obtained from these
comparisons are beneficial and useful. Real data are separated into regional and local
signals using discrete wavelet analysis. The maximum points of wavelet transforms (worn
diagrams) are also applied to interpret the depth of the anomaly compared to adjacent
anomalies.

The result obtained by inverting the data using the parameter of amplitude has less
standard deviation compared to the location of the MSE, and is believed to be more
accurate. It is observed that adding noise causes higher standard deviation; however after
adding 20 percent noise in synthetic data, less than 6% error occurred in the parameter of
depth (still yields good results) which shows remarkable stability against noise.

Key words: Wavelet transformations, Poisson’s Green function, Upward continuation
procedure, MultiScale edges, Worn diagram, Data inversion.

¥

Aadde )

oks Jly Sl s de 4851 03,15 Jo 4 ol
Slides s Oals glasysTp b b 5 s S
Shey 088Y) 6Kg5 5 OVl Lisy se |y 6o
S & S5lsl Sl S50 DM &S L
Sl bie 53 bas 8 s (saass b aicSS ol )
5 0888) oL 5 s b s BL 0SS
Sl @l 08LS Sl pbis 55 bas & Lo

bl 5 SIS Gleesls I (glaiag ae

9 r.?L; 9 623‘ 4.»\}:*»‘ cc; j:im oslw r.:a.’.'.w.a L;Lhd.b:
Sl aslS ol glanl 51 L&) Sbps 51 oT wub
SIS 5 blae e ar g 0 (OIS
0,5 a5 o3l s sladde (VAFY) 0 Liles
ol 3l s oS ame by ey s S 5 eSKls kil gzl
S sl gyl giledde ¢l ladae
(VAA¥) by .5 S eslizal o SbLasSTT 5y Sos u

Slas o S Loay S eslizal L (188%) am Jlde



" e 045,83 05 g 53 0kl Jla s el s (o dr 5

(X5 Z) ormal = ()
2 I(x+27)"” o S &l p
2 (xX*+7%) 2 &l gl sl
z/ (x> +2)" B &1zl 6l

JSCs gl J g 53 s aials 5 2576 ot b

s Al Gas eyl 35T 4 e b 05l

S 93 03k cwikin S5 MSE cwlidsdir OBy ds
2L 53 Lolen (IS &G e Lo 3
(Rt ex s
45 0,(x) = (1/)0(x /5) L jlu )l ymn s (ol
[O0OX =1 imnn 5 it iy 1Sl 5 s
R
0,(x)=(1/8)0(x/8) sdis_pwle aui sl)l5 5
B dol s o Gta 4 ST (X, Y) Sz 0 s (0
Gl e p3 Laas S | dow )30l Sl yl san
(%n“’-““j’ o) 1 Oln 2 8 Wl 0 8L
Wl 0 43 5 IS 4 Sl gon w5 e

z
0(x,y,2) = %ﬂm ®

ol e e b Lo oL s dly ol IS (sl s oS

Ll

Sz

vauy) =Y ( ®

x> +y? +(sz)2)3/2

=Sy (X, %)

N 4ty G s gladie OUT (8 8 o g

.u\.;:ﬂ

oslw f“"““" sl Jus
3 b LS 51 O8FY) 0pls Sl b
S dmlone 5 Lalsy b esle sla S
A (X,2) =KW (X,2) ")
W(x,2)=
/(x> +12%)"?

k =42GoR’ /3 oS <l

k =22GoR? z/(x>+12%)

2 4l gl gl

k=2GoR> 1/(x* +12%)"?

S g gm dials g o K OT 53 o8 (56 &l gl (61
O € X (GO BV ISP S P N
tin JS8 g iR 5 J&s 5o (18 Sl
R
W EaS iy 48T Gl s G5 il 5o
PEB Ry S R WL "“)Lf\_anj..l_'.'é‘@dw‘X:O)J

!

N yax = ™
k/z* oS &l
k/z B &l sl
k/z 6 &1l (51

adaly 1 (V) aaly cdiels o b S Cod ) gt
ol Jla 5 s Js it )3 0 iS 0 oo (¥)
(L ) s el bt 5 S kin sl S

(V48Y (e Jle 9 VAAY



Wavelet Cof

VAR o) olad OFF 093 chab 5 an) ¢S5 s vy

).b;_}_:;‘ k{‘)}‘a.}u;'.w”.f\.haa‘a Q))‘)&A.:CM;‘
)kﬁb})}.ﬁ)}ébw‘cwwﬂb}:bw

.:))TC,.«JQA{L;J\?QAL;:

S san SHldds ¥
Gladie Y Jsda 3 oo Loty GhaledT okites,
238 F T o SSUE (s

(! il gl (5slomin g 3l (L W36 2 S S
RS Y L s e YO Pl 0 Gas 5o
S s g Sl oY b5 S6 Dy S e Sl
3 e dab Aty el ol U Lo e sla IS5 aan s
RGO [ WK SNV NP

x 10°

0 .
-100 -50

(o] 50 100
m

dﬂaw LAJSJ.:L(,;LaJJ\Jf\ }ﬁu"

50 100 150 200

.JKJPSGJL'»\;&.)B&;-}A%‘}.) YJS.:

i g 5 51 (B G sl b 53 S e b
o Bl (0889) 0Kas 5 )98 ol dnloes i3
bzt sy 1y edd b me S ga 5 gl )3 sl
2 1 Ol S o s Oyl Lo
e ot 53 Wil 5 e Ay 5 (sl elide
Bpd Oyge
2= 27, gl )| b Oln (5 gl 3 0ll -l
B a5 0l s =
S b 20T b

NS n oy (o b 4y Ll o e
jsﬂiiajﬂ(f)a_laﬁ))::}.?-yﬁj:.mgudu

.:}.:@budl.:l:u'o)foa{'cub’

skidls i edis Sladus ¥
33 s ealw wikin gla JSi Ll ol Ll
J@l;SQ(jV.wlauw%ﬂjJ)-\e-
Gladus 5 ol (S5 1 ol s Jailay ool (S s
:_ﬂ)l_fé».p_,:.a\)l_;O:)S:»Tﬁélﬁiér.pf&i:)y
Lyl

caauguﬁloﬁ)::ﬁ@a.uuw S ¢ sba
el st L5 64 as s MSE Casige i
S Oy 5o 4 Ges gMSE auls opu daly ioees
Yoolad dadar 5o myin Ll 5o 4S5, by .l
alis dasly 4w ,a )3 MSE dials 5 Coxd g0 (ol 3 5gin
I b oS ol Lot ot S gy sl g
et g b Ol 50 ol )l DL s ()l
ol el gl St Tanly 2a) 3 ol le s b
(s =P O =2 & MSE aals j5 g b lw s 0
5 I IS 03,5 Jlo 5 L plpliy ol et
2 3) 08 UK ol s Slelis,l 5s OT (6 gul b aals!
S Ol 5 o (A5L 08 Lo ol S gl 3



ad e 045,83 05 g 53 0kl Jla s el s (o dr 5
.‘\_'.\f.,\.'?1 L5\Aml?b)>u4ﬁb}§b}i.x;qbﬁf Ly, N d_,.\>
ok S (Somgo Jookd) a8l Jyots JS2 MSE s 5o MSE «ls
—3sx(z+5s)’ 3 S
s 2 +2)" . 20 G s
(x* +(z+5)*)? (5/4)" z+s

—sx(z+5)
PUERE e Z/(X2 +Zz)1/2 3 i£(2+s) i&i
(x> +(z+5)*)? 2 9 z+s
MSEM‘)J%}}}A}\n)u;‘mﬂ\geﬂ)))Tﬂw.v JJJ?

o Gas
e sl g s g0 b wlos Gos aloe Gos s Gos
ke MSE el aals MSE TR o Candgn b ok £als b ods als b ok
Jsles sl e el . 7 &2 MSE & MSE &l MSE

R K R 7 % 6‘!3 MSE
g e MSE e MSE S a5 LS G 453 Coonw 4L

. o 4L

lp ad =l el - el
T

10 | 31 | 01409 | 30 | 0141 | 50 | 52 5093683 | 50.89362
20 | 36 | 02397 | 35 | 02397 | 50 | 52 | 51.63955 | 51.63955
.30 | 42 | 03137 | 41 | -03138 | 52 | 54 521103 | 52.08413
.40 | 48 | 03723 | 47 | 03725 | 54 | 56 5224819 | 52.19866
.50 | 53 | 04203 | 52 | -04203 | 54 | 56 5214133 | 52.14133
.60 | 59 | 04594 | 58 | 04595 | 56 | 58 5213757 | 52.11316
70 | 64 | 04912 | 63 | 04912 | 56 | 58 | 5235749 | 52.35749
. 8 | 69 | 05167 | 68 | 05167 | 56 | 58 | 5293593 | 52.93593
9% | 74 | 05371 | 73 | 053712 | 56 | 58 | 53.87265 | 53.84587
.00 | 78 | 0553 | 77 | 05536 | 54 | 56 | 55.09393 | 55.09393
| | | | | Average | 538 | 558 | 5254738 | 52.53037

iy aal> V2T Ol e d A a8 gl e ol )

s Laasls 1330 e L 5 S

ST PyL]




VAR o) olad OFF 093 chab 5 an) ¢S5 s ini

x 107 verica grasity after addng 10% randhm enror

4 [+7] e I~

YIS e gl Sorpn ml 5SS It P ARV PYSt I FPEF S WSS ST ERCHIC O g -

MSE wuls 5 cund o 3l oslizad b ol :J)\ Gee ¥ J i

s halos Gas &l | ok dmbus Gos Kle | dels b odd amlows Gos Kb b ok mlons Gas S0l

Ls'xMSEgL.:—-J‘_,.aL.\ 6‘ﬁMSE¢._.~$:«L3 ﬁW&Qd‘ﬁMSE W&uLs‘ﬁMSEAL«‘b
ST e PESR Sl y oo 4L Sl y
56.2 53.6 52.51816 52.05713

iy 4l Yo Ol e do ddw ab g a0 ol s
(o gman SLaesls 4 (6l s pas el L 5 JUSCs
Al e 33l

Ez 08| W\Mﬂ\/‘«
oo Jﬁﬂﬁ b,
o WUM N\‘ 7

02 2l I M\N 7
% g i,

0
50 100 150 200 -100 -50 0 50 100

O U5 e gl S pe il s T JKS i 35 Y0 03380 L Sty 6 S 51 0 36l S0 S



o

e 045,83 05 g 53 0kl Jla s el s (o dr 5

.MSE ul:);;.:xjyjluu.ullfu&:)ﬂﬂ&wr Jod>

2 dpmlons Gos S0l

12 MSE s e

0 dmlons Gor Lo
&l MSE conipu s

o S 4L

;«A,W&Lﬁ.
g

55.8 51.8

sddslul (gHleia o dslas o S S Ges 05,5 3,57
el 6 K b
OVAFY) O gk Jdas Oladses 1 (Gl G 4 Ly
Lol sl (ghlowin g 3,557 5 Sl ol Jbla oS
Gy soein 03 g Jlgan & a5 b el (S5 S
4 s o Sl Jlsl Glisgse olmin o Sl ol
(S gn wdy ey 53 IS ol Sl e

o ol Ol Sl Jles

2 dpmlons Gos S0l
el 6l MSE «.ls L

2 dmlons Gas S0l
el gl MSE «als b
;—mﬂ‘)w

TG,

53.8524 5232307

S o1y 3,8 f

bg e 55 ga c‘")f SWesls 4o gazea 95 Cand opl 43

BB oy slomn 53 5 e (Sd 4S5 03 S uE
el ok 4 S 4 oSl

?5 ;w.\..,f \-f
S Gl il e VG
Coda das o o led \)dﬁhgﬁ Solea o slaesls

47+
46.5

46)\”

455}

34d,
\

45r

.
40.5 41

.
415
50d,

.
42 425

5 S S 51 ol a3 sl Y S

0.5

|
-2.51

4l

45

40.5 41 41.5

50d,

42 42.5 43

53 £l o ile 3L (g lain o 3 e ol slade A S



VAR o) olad OFF 093 chab 5 an) ¢S5 s g

0.5
0.4
0.3
0.2
0.1

-0.1
-0.2
-0.3

Level of Upward (Km)

-0.4
-0.5

41 41.5 42 42.5
50d,

edddle 5 o YVt (S8 IS S g s 8 S

B S LS (slaasls (g Sor e iy sy 4 e 205l £ Jgder

e ' ’ hlons Gos hlons Gas
- . Lok (AP
ol " & auls = 3 als ' wals b od wals b od
MSE MSE Cond g0 Sl g
Jalee . oo 3 . oo s'» MSE sl » MSE
el ST el | ST $1»MSE | i, MSE ’ *
gl MSE o MSE Cnonw 4L Coow 45-LS
= = S a-LS Coww 4=l
_,..,lf'a = Sl y
< sl
0.25 -0.7866 0.1806 0.9832 -0.1946 1.3232 1.7164 0.938677 0.85316
0.5 -0.9832 0.298 0.9832 -0.3234 1.4664 1.4664 0.940772 0.827613
0.75 -0.9832 0.3961 0.9832 -0.4072 1.2164 1.2164 0.875915 0.83159%4
1 -1.1798 0.4483 0.9832 -0.4586 1.3596 0.9664 0.915458 0.872438
1.25 -1.1798 0.5031 1.1798 -0.5143 1.1096 1.1096 0.883522 0.83706
1.5 -1.1798 0.5388 1.3765 -0.5454 0.8596 1.253 0.89059 0.861661
1.75 -1.3765 0.5589 1.003 0.938719
oSSl 1.19km 1.29km 0.91km 0.85km
s Gl | 0.21km 0.27km 0.28km 0.18km
1.2 T T
Best fitted sphere
1l Normalized Residual | |
0.8F
é 0.6+
7;“ 0.41
s
0.2
0,
0.2 : . . .
40.5 41 415 42 42.5 43

50d,

k2 G55l 08 31 A S Ol 31 ol S 5 sl st 50\ + S5



v e 045,83 05 g 53 0kl Jla s el s (o dr 5

a5 Sorge dide oy boedd 3,51, o Sle

Wl

S plr Bl gl 53 397 g0 S N-Y-F
(o cpl ol edd a8 4 esls 4 sezme ey
Slp S Sl il Spglre 53 3prge S
okl g &Sl .A.f Ao gl ys Kt s g

FAS N7 oy ol bedkd 55T Lo i Ges

oielesT shtea ol 2o llST 0 YF Slae ol ol L
S el @l L ml Gppe ekd 55T Ges
G Je Slape S iy 4 5le0sls
s il e S cp e V0 S LSl ol damlie 1y S
LS sy 03 Sl S i b beesls

ufl}) L ol ui')"f. e; Gos s e olis ‘)

R o 4 b &

FeskS

Sl

SR

2974 ¢

1 2973}

2972

2971+

2970+

Y UTM (Km)

2969 -

2968 -

2967
N

-7
2966

wdd 5310 S Sl 2 SIS ol JiSKw 5 etidle i bl Foes VY SS

2968

2970
Y UTM (

2972 2974 235 23

Km)

2976

o3 S S slaesls (5l S g widy Bs) 4 G 23 0 gk

6 237 238 239
XUTM (Km)

240

241

ok sl e S e g N K3

T g L5 als b g L5 als s & s Gos wwlos Gos
ool L MSE S e L MSE S e ol dnnslows %W wals b odkd wals b okl
Jsles o o MSE sl ot MSE Candgn b Candg b &' MSE &l » MSE
g, G2MSE | GIxMSE | o cow a5l oo 4513
sl b oo 4L o 4L el
s ol
0.4 -2.6937 0.0978 1.7958 -0.0873 4.9874 3.1916 3.111656 3.534021
0.8 -2.6937 0.1825 2.2447 -0.1672 4.5874 3.6894 2.963726 3.308134
1.2 -3.1426 0.2538 2.6937 -0.2316 5.0852 4.1874 2.859575 3.248705
1.6 -3.1426 0.3171 2.6937 -0.2881 4.6852 3.7874 2.732261 3.168344
2 -3.1426 0.369 3.1426 -0.343 4.2852 4.2852 2.653659 3.006414
24 -3.5916 0.4039 3.1426 -0.386 4.7832 3.8852 2.701857 2.938446
2.8 -3.5916 0.441 3.1426 -0.4203 4.3832 3.4852 2.651428 2919914
32 -3.5916 0.4715 3.5916 -0.4562 3.9832 3.9832 2.62719 2.822622
3.6 -4.0405 0.4945 3.5916 -0.4808 4.481 3.5832 2.650677 2.828785
4 4.0405 -0.503 4.081 2.827833



VAR o) olad OFF 093 chab 5 an) ¢S5 s YA

558 JB Cplie codd 5,57 Gas e auslas L ()
Como 45 355 o0 0daline Jldde 33 5 (S5 ine
oL mwlis Lol pioman 5 43 J\S“—I;'-:-‘.)}—(”
Ao 1y amy HLS 40 S 50 ol b 03 gdms 5 il oS

A8
R e e\
aS s e odalin 5358 o Aol o sz slrosls
L0 Ao U ¢S g0 dicdon Cumd o Lol 5,57 ) o
iy dels S b odd 35T Ges I 2 o3 Y
Glare Ol o) (SaSTy eionas (Cmal S 50
Cend g0 31,208 MSE asls L odls 3,57 o (6la Gas

6\;.0

Abdelrahman, E. M. And El-Araby, 1993, T.M.,
A least-squares minimization approach to
depth determination from moving average
residual gravity anomalies, Geophysics, 59,
(12), 1779-1784.

Boschetti, F., Hornby, P. and Horowitz, F., 2000,
Developments in the analysis of potential field
data via multi-scale edge representation, Expl.
Geophys., 31(4).(0lr oo g 52)

Gupta, 0. P., 1983, A least-squares approach to
depth determination from gravity data,
Geophysics, 48, 357-360.

Hornby, P., Boschetti, F., and Horowitz, F.G.,
1999. Analysis of potential field data in the
wavelet domain, Geophys. J. Int., 137, 175-
196.

Mallat, S., and Zhong, S., 1992. Characterization
of signals from multiscale edges, IEEE

Transactions Patt Anal Mach Intell. 14, 710-732.

Moreau, F., Gibert, D., Holschnider, M. and
Saracco G., 1997. Wavelet analysis of
potential fields, Inverse Probl, 13, 165-178.

Nettleton, L. L., 1942, Gravity and magnetic
calculations: Geophysics, 7, 293-310.

LoeshS Y00 Sy ol boedd 5,57 5 Ges

Gos Shala3T Hshiaa Lol 2 slST VO Hlas ol ol
G008 3l Jool il b ol ¢ ais ) se 0 5557
o dglie 1 8 o 2 ke Sl o o ST 2
ooy b esls aeds 2l 65 o e VY S Ll
Goe) das e Ol 1y 8 s, 55 Slase o S

(! 7o kST 08 ol cpl 5l o 5557

EFRgER

S psbas e < 8 851 9 03 guowe (A
S e S ST L VY B A o1l 4 slias o]
N R JURSUN IS FPE G- SN -V 5
Oldos (5l B gLl b conlize 55 7 b o 15
5 Sy G a9 s ol ol s S L ol
i i abi 5543 51 i wlis ;3 MSE o
Wl (3 2508 Ole (BB 031 S i D& Uslas
Al Sl g0 9 4ol ) Jo b L s Ui (&
AL L Laesls (g5Ladissls 3 Jol guls 1K 0
Sie 5 (eSS slan Sl pmil) oS (ST, il
laosls plo 55 aoms ol Sl 5S35 Cambly 4 0T
wlds i (8lg Gloosls iomen 5 wlbn £ 5inas
Lol i Ol 55 o0 45 Sl 3 5l (6548 ) LS odalin
(35

S STy s s U sk B8 50 (¢
Cand gn (S50l 3550 3 4z (Tl 0 3,57 5 Ges
L ity oS g aals 3550 53 x5 S s il
JE sl Yl owsl o b5 50 oy
sl ol pon Jsd

L oo l 3 3 i gLaosls 1 fol b (3
e e L 8 iy ko 55T Ges o nglie
S go SN iy Ba) odd 3551 Gae Ly

Dgh A J..él> ) 4o cedddbe g



