
SPATIAL  FILTERING
OF

POTENTIAL   FIELD   DATA

by

Robert  L.   Wentland
Research  Assistant

Kansa:  Geological  Survey



Table  of  Contents

Introduction

Potential  Field  Exploration

Spatial  Filtering
Map  Edges

Filters
Grid  Size

Conclusions
-Appendix

Computer  Program  Organization
Deck  Setup
How  to  Create  a  Model
How  to  Filter
Sample  Deck  Setup  and  Output
Program  Listing

.

+ Bibliography



Introduction

This  paper  is a  supplement  to  the  paper  Spectral  Analy-

sis  of  Aeromagnetic  Data  by  Robert  L.   Wentland  which  was

submitted  to  the  University  of  Kansas  physics  department  as

a  master's  research  report  in  June  1976.     The  supplement

describes  an  extension  of  the  above  studies  performed  be-

tween  June  1976  and  March  1977  and  presented  at  a  Kansas

Geological  Survey  seminar  on  April  1,1977.

This  paper  opens  with  a  review  of  previous  work  and

description  of  spatial  f iltering  as  applied  to  potential
field  data.

Next  the  problems  related  to  the  handling  of  map  edges

are  discussed  and  techniques  which  give  satisfactory,  al-

though  not  exact,  results  are  developed.

Several  filters  were  developed  and  tested.    The  results

of  these  tests  will  be  discussed  .in  this  paper.

Finally  an  updated  listing  of  the  f iltering  and  model-

ing  computer  programs  along  with  comments  concerning  their

application  are  included  in  the  appendix.
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Potential  Field  Ex 1oration

Geological  exploration  through  direct  observation  of

rocks,   as  in  surface  and  well  core  studies,  yields  limited

data  for  the  study  of  Precambrian  rocks  in  Kansas.     A  tech-

nique  presently  in  use  by  the  Kansas  Geological  Survey

involves  indirect  or  remote  sensing  of  the  Precambrian

system.    This  involves  detecting  variations  in  potential

fields   (gravity  and  magnetic  fields)   caused  by  variations,

either  structural  or  compositional,   in  Precambrian  rocks.

Gravity  variations  are  caused  by  spatial  variations  in
the  earth  material's  density  and  structure.    Gravity  mea-

surements  are  taken  on  the  surf ace  by  a  gravimeter  which  is

transported  by  automobile  or  by  hand  carrying.

Magnetic  variations  are  caused  by  spatial  variations  in

the  earth  material's  magnetic  susceptibility  and  structure.
The  earth's  magnetic  field  is  much  more  complex  than  the

simple  radialy  dependent  gravity  field.     It  varies  as  a

function  of  time   (diurnal  drift)   due  to  solar  wind  and  as  a

function  of  location  (regional  variations)   due  to  variations

in  its  generating  mechanisms  in  the  core,   and  the  lines  of

force  are  not  perpendicular  to  the  earth's  surface.    When   .

the  above  effects  are  removed,  the  relationship  between

geology  and  the  magnetic  field  is  as  shown  in  figure  i.     In
Kansas,   the  magnetic  measurements  are  taken  by  an  airborne

magnetometer .

An  integrated  study  using  both  of  the  potential  f ield

techniques  and  well  data  can  yield  considerable  information

about  the  Precambrian  in  Kansas.
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Spatial  Filtering
The  mathematical  expression  for  magnetic  and  gravity

f ields  are  very  cumbersome  and  complicated  in  the  spatial

domain.     However,  when  studied  in  the  frequency  domain

(using  the  geometry  shown  in  figure  2) ,   they  take  on  very

simple  forms   (called  spectrums)   consisting  of  several  fac-

tors  multiplied  together   (figure  3) .    Altering  or  removing

some  of  the  factors  allows  one  to  perform  many  operations.

Changes  in  the  spectrum  are  accomplished  through  spatial

filtering.
Filtering  is  performed  by  applying  the  Fourier  trans-

formation   (figure  4)   to  the  data,  altering  the  spectrum  by

multiplying  it  by  a  weighting  function,  and  inverse  Fourier
•transforming   (figure  4) .     The  weighting  functions  used  for

filtering  potential  field  data will  be  described  later.
Properties  of  the  Fourier  transformation  are  shown  in

figures  5  and  6.

To  use  discretized  data  on  a  digital  computer,  the

Fourier  transformation  must  be  altered  to  allow  discrete

data  in  both  the  spatial  domain  and  the  frequency  domain.

The  result  is  the  discrete  Fourier  transformation  as  shown.

in  figure  7.     The  effect  of  discretization  in  both  domains

is  shown  in  Figure  8.     Notice  the  necessity  of  spatialy  and

frequency  limited  data.     If  the  spectrum  extends  beyond  the

Nyquist  frequency   (figure  9) ,  overlaps  will  occur  in  the

spectrum  causing  distortion.     This  overlapping,  called

4



aliasing,   can  be  removed  by  increasing  the  sampling  rate.

One  may  check  the  spectrum  on  initial  computer  runs  to

insure  that  aliasing  does  not  occur.
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Map  Edges

The  Fourier.  transformation,   used  here  for  spatial

filtering,   assumes  an  infinite  amount  of  data.     Unfortu-

nately  all  geophysical  data  sets  are  finite  in  extent.    A

finite  amount  of  data  can  be  transformed  if  it  has  the

following  properties :

(1)   The  data  is  periodic  or  can  be  treated  as  a

periodic  function;

(2)   The  edges  of  the  data  to  be  transformed

corresponds  to  a  node  or  point  at  which

the  function  passes  through  zero.

Data  which  is  spatially  limited   (figure  10-A)   can  be

treated  as  a  periodic  function   (figure  10-8)   satisfying  pro-

perty  1.    Unfortunately  maps  rarely  have  the  property  that
their  outside  edge  corresponds  to  a  single  value  of  field

intensity.     Thus  property  2  cannot  be  satisfied.

The  ef fect  of  the  discontinuities  is  an  increase  in
noise  in  the  spectrum.     To  represent  the  discontinuities

exactly  requires  a  spectrum  of  infinite  extent,  which  is  not

available  with  discrete  data.    The  result  of  using  a  band

limited  spectrum  for  inverse  transformation  is  a  poor  repre-

sentation  of  the  map  edges.     The  fact  that  the  worst  repre-

sentatioL  of  the  data  occurs  at  discontinuities  is  called
Gibb's  phenomena   (see  figure  11).     The  application  of  a

weighting  function  to  the  spectrum  during  f iltering  may

enhance  the  spectral  noise  due  to  Gibb's  phenomena.
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The  application  of  the  Hanning  window,   as  discussed  in

the  main  paper,   is  an  attempt  to  alter  the  data  so  that

property  2  is  satisfied.     This  process  yields  a  very  reli-
able  spectrum.     Unfortunately  dividing  out  the  Hanning

window  after  f iltering  is  dif f icult  due  to  the  digital  com-

puter's  inability  to  properly  handle  division  of  small
numbers  by  small  numbers  at  the  map'.s  edges.     This  is  the

cause  of  the  distortion  at  the  map's  edges  in  the  main  paper

(also  shown  in  figure  12  of  this  paper) .     All  data  windows,

with  which  the  author  has  experience,  have  the  property

described  above.

Another  approach  to  this  problem  involves  smoothing  the

distortion,   caused  by  Gibbs  phenomena,   out  of  the  spectrum.

Again  the  desired  results  after  inver.se  transforming  cannot

be  obtained  and  the  proper  smoothing  function  is  dif f icult

to  choose.

Since  no  exact  solution  to  Gibbs  phenomena  is  available

one  must  choose  the  technique  which  gives  the  best  approxi-

mate  solution.     Comparison  of  the  techniques  previously

described  led  to  the  conclusion  that  when  inverse  transform-

ing,   the  best  approach  is  to  apply  neither  a  data  window  or

spectrum  smoothing  but  to  simply  apply  the  discrete  Fourier

transformation.    Although  this  process  will  lead  to  unreli-

able  edges  the  results  will  be  useful  for most  interpreta-

tion  processes.     When  the  spectrum  is  of  major  interest  and

the  inverse  transformation  will  not  be  applied  one  may

obtain  the  best  results  by  applying. the  Hanning  window  to
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the  data  before  transformati.on.     Dr.  Allan  Spector  of  Allan

Spector  and  Associates  Limited  suggested  the  above  to  the

author  in  private  correspondence.

mr.   Spector  also  Suggested  level  shifting  the  data  to  a

level  where  the  data  has  an  average  value  of  zero.     The

result  of  this  level  shift  is  that  after  transformation  the
spectrum's  DC  term,   where  Kx  =  Ky  =  0,   is  zero.     Special

handling  of  this  term  by  filters,  as  discussed  in  the  main

paper,   is  no  longer  needed  and  any  round-off  errors  thus
incurred  no  longer  distorts  the  filtered  results.

Examples  of  the  application  of  filters  using  the  pro-
cess  described  above  will  be  shown  in  the  following  sections

of  this  paper.
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Several  filters  have  been  developed.     These  include:

(I)     Migration  to  pole  -  removes  the  effects  of

inclination  and  declination  thereby  center-

ing  anomalies  over  the  causitive  bodies   (see

figure  13) .

(11)     Upward  or  Downward  continuation  -  allows

one  to  change  the  plane  of  measurement   (see

figure  14) .

(Ill)     Pseudo  Gravity  Transformation  -  causes  mag-

netic  data  to  assume  the  same  geometry  as

gravity  data  leaving  the  ratio  of  density
to  magnetization  as  the  only  distinguish-

ing  factor   (see  figure  15) .

(IV)    Vertical  Derivative  -  finds  the  vertical
derivative  of  the  potential  field   (see
figure  16) .

The  results  of  the  application  of  the  above  filters  to

a  model   (figure  17)   are  shown  in  figures  18  to  22.     When

possible,  a  comparison  of  the  filtered  results  to  the
modeled  anticipated  results  is  included  in  figures  18  to  22

and  comments  concerning  some  of  the  f ilters  will  follow  the

appropriate  diagrams.

These  tests  were  performed  on  a  32  by  32  grid.     The

small  grid  was  chosen  for  convenience  and  to  decrease  costs.

Unfortunately  edge  problems,   due  to  Gibb's  phenomena,   are

quite  pronounced.    A  test  performed  on  a  larger  grid  will  be
shown  later.
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The  migration  to  pole  filter  appears  to  work  properly.

Notice  that  the  edge  problem  is. greater  in  the  north-south

direction  than  in  the  east-west  direction.    This  is  due  to
the  ang.ular  dependence  of  the  spectral  weighting  function.

The  edge  ef fects  will  be  shown  to  be  improved  by  using  a

large  grid  in  a  later  section  of  this  report.
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The  vertical  derivative  f ilter  is  applied  properly  by
the  program. but  the  validity  of  the  results  have  not  been

checked  by  comparison  to  known  results.
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The  pseudo  gravity  filter  has  been  applied  properly

but  the  validity  of  the  results  have  not  been  compared  to

known  results.
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Grid  Size

The  tests  previously  shown  were  performed  on  a  32  by  32

grid.     Figures  23  to  25  will  show  that  increasing  the  grid
size  to  64  by  64  decre-ases  the  edge  distortion  due  to  Gibb's

phenomena.

Although  an  extremely  fine  grid  would  be  useful,   the

computer  costs  would  be  too  high.     Optimization  of  the

computer  program`s  data  storage  will  decrease  the  cost  but

the  coarsest  grid  which  gives  reliable  results  must  be

chosen.     Dr.  Allan  Spector  suggested  in  private  corres-

pondence  that  for  most  aeromagnetic  maps  a  128  by  128  grid

should  be  used.     The  computer  program,   in  its  present  form,

requires  modif ications  to  its  data  storage  techniques  before

a  128  by  128  grid  can  be  used.     These  changes  will  be  made

in  the  future  by  the  Geological  Survey  staff .
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Conclusions

The  purpose  of  this  project  was  to  develop  and  debug

computer  programs  which  apply  the  f ilters  described  in  this

paper.     These  programs  have  been.written   (see  the  appendix)

and  apply  the  filters  properly.     Special  considerations

while  filtering  include  aliasing  and  Gibb's  phenomena.

Preliminary  studies  as  to  the  validity  and  quality  of

the  filtered  results  were  displayed  in  figures  17  to  25.

Time  has  prevented  the  author  from  pursuing  these  considera-

tions  further.    Future  work  on  validity  checks,  quality

checks,  program  optimization  and  application  of  these  tech-

niques  to  f ield  data  will  be  done  by  the  Kansas  Geological

Survey  staff .
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Computer Program  Or anization
A1

Maih  Program:

SPECTRAL  -  calls  subroutines  in  an  order  specified

by  the  user  in  data  cards

Primary  Subroutines  -  Modeling

MODEL  -  reads  data  cards  specifying  model

TABLE  -  prints  table  of  model  parameters

SAMPLE  -   samples  magnetic  f ield  due  to  model

creating  a  grid

Primary  Subroutines  -  Filtering

TRANS  -  Fourier  transforms  the  data

WEIGHT  -  applies  a  user  specified  weighting

function  to  the  spectrum

INUTRA  -  inverse  Fourier  transforms  the  data

Primary  Subroutines  -  Display

DUMP  -  prints  table  of  data

OUT  -  prints  scatter  plots  of  prof iles  along

row(s)   or  column(s)   of  data  grid

Supporting  Subroutines  -

FFT  -  fast  Fourier  transform

WINDOW  -  Hanning  data  window

SHIFT  -  shifts  spectrum  so  that  increasing

array  index  corresponds  to  increasing

wavenumber

PRISM  -  computes  magnetic  f ield  at  one  location

due  to  1  prism



A2

FERM  -   reqriired  by  PRISM

DCOS  -  computes  direction  cosines

PLOT  -  creates  a  scatter  plot

STRIP  -  required  by  PLOT  to  label  plot  axes
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Deck  Setup

Dimensions :

Dimension  cards   for  the   arrays  A(M,N) ,   B(M,N) ,   and

PR(30,NP)   may  be  altered  to  satisfy  the  users  needs

where :

M  =  number  of  rows  in  grid

•N  =  number  of  columns   in  grid

NP  =  maximum  number  of  prisms  in  area  of  study

The  routines  in  which  these  arrays  occur  are:

MODEL         -   PR

TABLE         -   PR

SAMPLE      -A,   8,   PR

TRANS        -   A,   a

WEIGHT      -   A,   a

INVTRA     -  A,   a

DUMP           -   A'   8

OUT              -   A,   8

Data  Cards:

This  program  reads  data  cards  of  3  types:

(I)   cards  specifying  subroutines  to  be  called

(11)   cards  required  by  subroutines   (if  any)

which  should  follow  each  card  of  type  1

(Ill)   comment  cards  containing  information  which

is  to  be  echoed  on  output
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All  cards  are  processed  in  the  order  in  which  they

are  read.     Parameter  and  format  details  can  be  found

in  the  program  documentation.

Multiple  Models  and  Filters:

This  routine  will  set  up  only  one  model  and  will

filter  only  one  set  of  data  at  one  time.    Several

models  and  filters  can  be  applied  in  one  run  by

stacking  the  data  cards  for  a  new  model  or  f ilter

behind  the  data  cards  for  a  previous  model  or

filter.    Whenever  a  new  model  is  created  all  pre-

vious  data  is  destroyed.
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How  to  Create  a  Model

To  create  a  model  call  the  following  subDoutines  in

the  following  order:

MODEL:     reads  data  cards   specifying  the  model

TABLE   (optional) :     prints  table  of  model

parameters
SAMPLE:     samples  magnetic  field  due  to  the  model

creating  a  grid
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How  to  Filter

To  f ilter  call  the  following  subroutines  in  the

following  order:

TRANS:     applies  fast  Fourier  transformation

WEIGHT:     applies  weighting  function  to  potential

f ield  spectrum

INUTRA:     applies  inverse  Fourier  transformation



SAMPLE   DECK   SETUP

AND   OUTPUT
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DATA
I---_  _---_           _ E  EN E] H E+

CoMMENT            MAGNETIC     FIFLr]     ijuF-

COMME.NT             MIGF{ATED     T()     POLE
M () I) E L

5,
0,0          0.0          ('.0          I
0,0          5.0          5.0          I
0,0         3.0      -3.0         0
0,0      -4.0         2.0         I
0,0      -7.0      -,.0         i
32.0                  32,0
9,0                   -9.0

T A a L E.
SAMPLE
OUT

1,0                        I.0
310

DUMP

I.0
OUT
1,0

3.0
DUMP

I.0
TRAMS
-I,0
WEIGHT
I.0
M I 6 i? A T
INVTRA
-1,0
OUT
I,0

3.0
DUMP

I.0
OUT
I.0

3.0
DUMP

I.0
COMMENT
MODEL

1,r'

1.0

I,0                     2.0

TO     5    piHSMs    Mt`i.tLLE-ij     IN    Mlr).STATE    KANSAs    ANr>

0        qc).()            .0()0('36
()        C)9,0            .00('rJ36
0       99,0           .000()36
0     ''99,0            .0('()036
0       99.0          .000,J.36

-9.0

6T.8

I,0

I,0                      I.I)                      I.0
-0.75

1,0,

I,0                     2,0                     I.o
-0.75

2.0

18.0

I.0

I.0

6.0

67.H    9.tlf`7.f}    9.8             5634£
67.8   9.847.8   9.8            5634€
67.8   9.8f`7.P,   9.8            5634f
67.8   9.t`67.8   9.8            5f`34£
6T.El    9.86T.i3   q.R             5634F

]8.0                  0.0

6,0                      0.0

9.8

I.0                      18.0                   t,,0

18.0

I,0                     6,0                     0.0

6.0
MAG.NETIC    FIEL[)    DUE    TO    5    PRISMS    hlooELE-D    AT    EARTH:S    MAGNETIC    POLE.

5,
0.0         0.0         0,a         I.5         I.5
0.0          5,0          5,0          I.0          J..0
0,0         3.0
0,0      -4.0
0,0      -7,0
32.0
9,0

TABLE
SAMPLE
OUT
I.0

3.0
DIJMP

I.0
OUT
I,0

3.0
DUMP.

I.0

-3.0         0.7         0.7
2'0          1.7          1.7

-7,0         1.5         1.5
32.0
-9,0                 9,0

I,0      99.0
1®()        99.0
I,0      99.0
I,()       99.0
I,0      99.0

-9.A

I,0                      I.0                      1.0
-0.75

I,0

I,0                     2,0'                    I.o
-0.75

2.0

•000036
.000036
•000036
.000036

0 0 0 .0 3 6

I.0

I.0

90.0    0.090,
90.0    0.000,
9ft.0     0,UC,n,
90,0    0,090,
90.0    0.000,

0,0

0,0

56348
5 6 3 4 fi
5634$
5 6 3 4 ft
5634&
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