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which  is  of  great  assistance  in  delineation  of 
faults  and  other  complex  geological  structures. 

Embodiments  of  the  invention  will  now  be 
described  by  way  of  example  only  with  reference 

5  to  the  accompanying  drawings.  In  the  drawings: 
Fig.  1.  is  a  flow  diagram  of  the  procedural  steps 

of  embodiments  of  the  present  invention; 
Fig.  2.  is  a  graphic  depiction  of  traces  I—  IV 

versus  time  in  development  of  the  prior  type  of 
10  instantaneous  phase  data  signal; 

Fig.  3.  is  a  graphic  illustration  of  traces  I—  V 
versus  time  showing  the  development  of  an 
instantaneous  phase  data  signal  according  to  an 
embodiment  of  the  present  invention; 

15  Fig.  4.  is  a  prior-type  instantaneous  phase 
display  for  a  selected  survey  line; 

Fig.  5.  is  an  instantaneous  phase  display  for  the 
same  seismic  survey  line  of  Fig.  4,  according  to  an 
embodiment  of  the  present  invention. 

20  Fig.  6.  is  an  instantaneous  phase  display 
according  to  an  embodiment  of  the  present  inven- 
tion  for  the  same  .seismic  survey  line  of  Figs.  4 
and  5  but  having  the  phase  of  peaks  and  the 
phase  of  troughs  further  delineated  by  colour 

25  presentation; 
Fig.  7  is  a  flow  diagram  of  the  procedural  steps 

for  colour  highlighted  new  phase  processing; 
Fig.  8  is  another  seismic  survey  line  in  instan- 

taneous  phase  display  according  to  the  present 
30  invention  illustrating  a  fault  structure;  and 

Fig.  9  is  a  similar  instantaneous  phase  display 
of  the  seismic  survey  line  of  Fig.  7  with  Golour 
variable  indication  as  to  the  trace  peak  and  trough 
structure. 

35  Fig.  1  illustrates  the  processing  flow  for  the 
calculation  of  new  phase  utilizing  the  standard 
phase  calculation  technique  but  including  the 
prior  step  of  determining  the  absolute  data 
values.  Thus,  preprocessed  seismic  trace  data  is 

40  input  and  available  at  processing  stage  10.  The 
seismic  trace  data  at  stage  10  may  have  received 
any  of  various  prior  correction  and  processing 
treatments  but  consists  essentially  of  ordered 
trace  data  that  is  related  to  a  particular  seismic 

45  section  or  line  of  survey.  In  addition,  the  input 
seismic  trace  data  at  stage  10  may  consist  of  a 
selected  continuous  plane  of  data  as  derived  from 
three  dimensional  seismic  trace  data. 

The  input  seismic  trace  data  is  then  rectified  in 
so  flow  stage  12;  i.e.  the  absolute  values  of  the  trace 

data  are  taken  and  presented  as  input  to  flow 
stage  14  wherein  the  data  is  Hilbert  transformed. 
The  Hilbert  transform  in  stage  14effects  a  positive 
phase  rotation  of  n/2  radians  of  the  absolute  value 

55  trace  data.  Thereafter,  the  Hilbert  transformed 
data  is  processed  in  flow  stage  16  such  that  the 
pointwise  ratio  of  the  Hilbert  transform  of  the 
rectified  trace  in  comparison  to  the  rectified  trace 
is  computed,  and  the  phase  is  then  obtained  by 

60  taking  the  arc  tangent  of  this  ratio.  Numerous 
computer  programs  and/or  routines  are  available 
for  selection  to  carry  out  the  operations  of  compu- 
tation  of  Hilbert  transform  as  well  as  calculation 
with  the  arc  tangent  function  (ATAN2). 

65  New  instantaneous  phase  data  is  output  from 

Description 

The  invention  relates  generally  to  processing 
and  display  of  seismic  data  and,  more  particu- 
larly,  but  not  by  of  limitation,  it  relates  to  the 
development  of  a  new  form  of  seismic  data 
parameter  that  may  be  developed  from  seismic 
trace  data  to  enable  enhanced  interpretive  pro- 
cessing  and  display. 

There  is  no  known  prior  art  that  relates  to 
development  of  such  as  the  newly  discovered 
seismic  parameter  which  is  referred  to  under  the 
acronym  PORT,  VIZ.  phase  of  rectified  trace.  Prior 
art  of  interest  is  the  publication  entitled  "Complex 
Seismic  Trace  Analysis"  by  Taner,  Koehler  and 
Sheriff,  GEOPHYSICS,  Vol.  44,  No.  6,  June  1979, 
pp.  1041  —  1063.  The  prior  publication  relates  to  a 
prior  art  type  of  calculation  technique  for  develop- 
ing  the  instantaneous  phase  attribute  for  a 
selected  section  of  seismic  trace  data.  The  prior 
art  teaching  is  well-known  and  has  been  used 
variously  in  geophysical  processing  by  various 
entities.  The  old  phase  development  technique  is 
a  two-step  process  wherein  a  seismic  trace  is  first 
Hilbert  transformed  and,  thereafter,  the  resulting 
data  is  processed  through  determination  of  the 
ratio  of  the  Hilbert  transform  to  the  trace  data  with 
subsequent  taking  of  the  arc  tangent  of  the  ratio 
to  develop  an  instantaneous  phase  attribute. 

The  present  invention  relates  to  the  develop- 
ment  of  an  improved  form  of  instantaneous 
phase  attribute  or  parameter  wherein  the  final 
output  is  much  enhanced  by  increased  noise 
suppression  and  apparent  resolution  of  data.  The 
invention  consists  of  a  method  for  processing 
seismic  trace  data  by  rectifying,  Hilbert  transform- 
ing  and  final  determination  as  an  arc  tangent 
function  to  thereby  develop  a  new  phase  para- 
meter. 

According  to  the  present  invention,  there  is 
provided  a  method  of  developing  a  specific  seis- 
mic  data  parameter  from  seismic  trace  data, 
comprising: 

receiving  processed  seismic  trace  data  for  a 
selected  plane  of  investigation;  rectifying  said 
seismic  trace  data;  producing  the  Hilbert  trans- 
form  of  said  rectified  trace  data;  determining  the 
instantaneous  phase  using  Hilbert  transformed 
rectified  data;  and  interpreting  geological  signifi- 
cance  of  the  plane  of  investigation  using  instan- 

"  taneous  phase  of  the  rectified  and  transformed 
data. 
•  It  is  an  object  of  the  present  invention  to 

provide  a  method  for  enhancing  visual  display  of 
seismic  data. 

Embodiments  of  the  present  invention  also 
provide  a  relatively  simple  data  process  that 
yields  much  improved  signal  to  noise  ratio  in 
output  presentation. 

Embodiments  of  the  invention  further  provide  a 
new  instantaneous  phase  determination  method 
that  may  be  used  specifically  as  a  bright  spot 
enhancer. 

A  method  for  developing  a  new  instantaneous 
phase  parameter  for  a  seismic  trace  is  provided 
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(2) I  f  (t) stage  16  and  this  data  may  then  be  utilized  for 
further  interpretive  processing  and/or  display.  In 
particular,  the  new  instantaneous  phase  output 
from  flow  stage  16  is  input  to  flow  stage  18 
whereupon  image  data  is  generated  for  the  new 
instantaneous  phase  data.  Such  image  data  in 
flow  stage  18  may  include  rasterization  format- 
ting  for  input  of  new  phase  data  to  the  flow  stage 
20,  an  output  display  that  may  be  any  variable 
intensity  plotting  device  such  as  an  Applicon  ink- 
jet  printer,  a  laser  film  plotter,  or  any  of  a  number 
of  video  display  systems.  In  one  embodiment,  the 
function  of  flow  stages  18  and  20  may  be  readily 
carried  out  utilizing  well-known  types  of  video 
monitor  system,  e.g.  the  I2S  model  70  Image 
Process  Computer  as  commercially  available 
from  International  Imaging  Systems. 

Figs.  2  and  3  provide  a  graphic  representation 
of  the  development  of  the  old  phase  parameter 
and  the  new  phase  parameter,  respectively.  Fig.  2 
illustrates  the  old  phase  technique  and  consists 
essentially  in  processing  the  input  seismic  trace 
f(t)  through  Hilbert  transform  Hi[f(t)]  and  sub- 
sequently  finding  the  arc  tangent  of  the  pointwise 
ratio  of  the  Hilbert  transform  to  the  input  trace 
data,  i.e.  ATAN2  of  Hi[f(t)]+f(t)  which  is  the  old 
instantaneous  phase  parameter.  Thus,  in  Fig.  2, 
trace  I  represents  a  Ricker  wavelet  22 
representing  an  idealized  noise  free  seismic  trace, 
as  disposed  on  zero  value  line  24  within  a  time 
window  of  approximately  0.55  —  0.75  seconds.  To 
trace  I  there  is  added  a  significant  amount  of 
random  noise  n  to  provide  a  trace  II  signal  26 
representing  the  real  seismic  trace  f(t).  Thus,  trace 
I  consists  of  a  signal  which  is  the  second  deriva- 
tive  of  a  Gaussian  and  hence  has  no  CD  —  C  com- 
ponent,  and  trace  II  is  the  same  trace  I  to  which 
uniform,  zero-mean  random  noise  has  been 
added  at  a  signal-to-noise  ratio  of  10:1.  Trace  III 
represents  the  Hilbert  transform  Hi[f(t)]  of  trace  II 
and  there  is  illustrated  the  positive  advance  of  rt/2 
radians  with  all  random  noise  receiving  similar 
phase  shift.  It  is  clear  that  outside  of  the  time 
window  0.55  to  0.75  seconds,  the  trace  is  essen- 
tially  noise  and  that  the  effect  of  the  Hilbert 
transform  is  localized  to  the  same  time  window  as 
the  original  wavelet  22.  Signal  30  then  represents 
the  old  phase  parameter  as  the  arc  tangent  is 
taken  of  the  pointwise  ratio  of  the  Hilbert  trans- 
formed  trace  III  to  the  original  trace  II.  Thus, 

In  the  next  step,  the  Hilbert  transformation  of 
the  absolute  value  signal  32  yields  a  signal  34 
which  is  entirely  different  from  the  counterpart 
Hilbert  transform  signal  28  in  the  old  phase 
representation  of  Fig.  2.  The  Hilbert  transform 
may  be  represented  as 

Hi[|  f(t)  |]. (3) w 

It  will  be  noted  that  whereas  the  Hilbert  trans- 
formed  signal  28  of  Fig.  2  is  essentially  noise 
outside  the  narrow  window  from  0.55  to  0.75 
seconds,  the  Hilbert  transformed  signal  34  of  the 
rectified  data  in  Fig.  3  has  positive  and  negative 
tails  extending  a  considerable  distance  beyond 
that  window. 

In  effect,  the  Hilbert  transform  signal  34  of  the 
rectified  trace  has  a  similar  appearance  to  what 
would  be  obtained  if  a  delta  function  in  the 
presence  of  noise  had  been  Hilbert-transformed. 
The  effect  of  rectification  on  the  Hilbert  transform 
of  the  trace  is  to  make  the  signal  dominant  and  to 
suppress  the  noise.  Further,  rectification  causes 
the  effects  of  the  Hilbert  transform  to  be  no  longer 
localized  to  the  time  window  as  defined  by  the 
original  Ricker  wavelet  signal  22. 

Trace  V  of  Fig.  3  illustrates  the  new  instantane- 
ous  phase  signal  value  36  after  computation 
wherein  the  arc  tangent  is  taken  of  the  pointwise 
ratio  of  the  Hilbert  transform  signal  34  to  the 
original  rectified  trace  signal  value  40  as  repre- 
sented  by 

w 

20 

25 

30 

35 
Hi[|  f(t)  |] 

I  f  (t)  I 
NEW  $t=ATAN2- (4) 

Similar  to  Hilbert  transform  signal  34,  nearly  all 
noise  peaks  prior  to  the  effective  time  window  are 
subverted  to  negative  values  as  the  new  phase 
signal  value  36  appears  crisply  at  the  0.65  second 
time  line  with  subsequent  signal  tails  and  noise 
38  appearing  in  the  positive  data  value  area  above 
zero-mean  line  24. 

The  new  phase  technique  as  represented  in  Fig. 
3  yields  superior  results  to  the  old  phase  tech- 
nique  due  to  the  effect  that  the  rectification  has  on 
both  signal  and  noise.  The  rectification  process 
brings  about  an  unusual  type  of  non-linear  filter- 
ing.  The  noise,  e.g.  signal  26  of  Fig.  3,  varies  from 
-1  to  1  and  after  rectification  as  shown  at  signal 
32,  varies  from  0  to  1.  Also,  the  large  negative 
swing  of  the  second  derivative  of  the  Gaussian 
wavelet  22  has  now  become  positive  as  at  main 
peak  40  on  the  0.65  second  time  line.  This  rectifi- 
cation  has  increased  the  D—  C  value  from  0  in 
signal  26  to  some  positive  value  within  the 
shaded  area  of  signal  32. 

The  effect  of  the  rectification  is  even  more 
evident  upon  comparison  of  the  Hilbert  transform 
curves  28  of  Fig.  2  and  34  of  Fig.  3.  The  old  phase 
Hilbert  transform  signal  28  of  Fig.  2  is  the  Hilbert 
transform  of  signal  plus  noise.  It  is  clear  that, 

40 

45 

50 

Hi[f(t)] 

fit) 
(1) (j>(t)=ATAN2- 

55 
Fig.  3  in  like  manner  shows  the  development  of 

the  new  instantaneous  phase  parameter.  Trace  I 
and  trace  II  of  Fig.  3  are  the  same  as  trace  I  and 
trace  II  of  Fig.  2.  Then  comes  the  departure,  trace 
II  signal  26  is  then  rectified,  both  noise  and  signal 
values,  to  produce  an  absolute  value  trace  III 
signal  32  of  doubled  relative  frequency  and  posi- 
tive  value.  If  trace  II  signal  26  is  denoted  by  f(t), 
then  trace  III  signal  32  may  be  represented  as 

60 

65 
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2).  This  is  due  to  the  fact  that  a  rectified  sinusoid  is 
twice  the  frequency  of  the  original  thereby  to 
bring  about  more  concise  black-to-white  and  vice- 
versa  transitions. 

Figs.  4,  5  and  6  provide  an  illustration  by  way  of 
comparison  that  effectively  demonstrates  the 
value  of  the  instantaneous  phase  of  the  rectified 
trace  display.  Fig.  4  illustrates  an  instantaneous 
phase  display  as  developed  using  the  conven- 
tional  phase  processing  technique  wherein  the 
pre-processed  seismic  section  is  Hilbert  trans- 
formed  with  subsequent  phase  processing.  This 
is  the  process  illustrated  on  a  Ricker  wavelet  in 
traces  I  —  IV  of  Fig.  2.  Thus,  a  seismic  section  42  is 
taken  along  a  selected  seismic  survey  line,  shot- 
point  locations  being  illustrated  along  the  abs- 
cissa  as  numbered  from  about  100  to  340.  The 
ordinate  of  the  section  illustrates  earth  depth  or 
seismic  signal  two-way  travel  time  from  about  0.8 
seconds  to  2.8  seconds.  The  old  phase  display 
section  of  Fig.  4  provides  a  relatively  good  output 
display  of  the  phase  parameter  relative  to  the 
multiple  subterranian  strata  within  the  seismic 
section  42.  The  general  substratum  make-up  is 
illustrated  as  a  regular,  slightly  dipping  rightward 
earth  structure.  The  right  hand  portion  of  section 
42  shows  some  unusually  sharply  dipping,  poss- 
ibly  faulted  or  other  anomalous  structure  as  at 
general  area  44  as  well  as  an  area  of  extremely 
strong  signal  indication  at  area  46. 

Fig.  5  shows  the  seismic  section  42a  as 
developed  from  the  same  input  seismic  section 
data  as  initially  prepared  and  processed  with  the 
new  phase  parameter  PORT.  Thus,  the  increase  in 
apparent  resolution  is  immediately  seen  as  is  the 
specific  highlighting  of  bright  spot  areas  which 
provide  the  interpreter  with  specific  hydrocarbon 
data.  The  individual  stratum  structure  of  section 
42a  is  rendered  much  more  clear  in  the  new 
phase  display  (Fig.  5)  and  the  fault  structure  at 
location  44a  is  more  clearly  defined  as  is  the  high 
intensity  or  bright  spot  data  at  area  46a.  In 
addition,  other  apparent  faulting  structures  are 
delineated  along  the  right  hand  side  of  the  seis- 
mic  section  42a.  Simple  side  by  side  comparison 
of  the  section  printouts  of  Figs..4  and  5  imme- 
diately  show  the  improved  data  presentation  and 
highlighting  of  the  Fig.  5  or  new  phase  display 
section.  Thus,  and  referring  also  to  traces  IV  and  V 
of  Fig.  3,  bright  spot  indication  is  much  enhanced 
since  the  Hilbert  transform  of  the  rectified  trace 
effectively  places  nearly  one-half  of  the  random 
noise  below  the  display  gray  level,  and  the  tails  of 
the  Hilbert  transform  peaks,  while  remaining 
within  the  gray  level,  are  still  utilized  to  provide 
dramatic  shading  in  the  overall  display. 

Fig.  6  illustrates  the  same  seismic  section  42b 
when  it  is  processed  with  the  color  highlighted 
new  phase  technique.  Thus,  section  42a  of  Fig.  5 
is  displayed  as  a  composited  color  image.  The 
new  phase  of  peaks  are  displayed  red,  the  new 
phase  of  troughs  are  displayed  blue  and  the  new 
phase  of  the  entire  trace  is  displayed  green.  Thus, 
in  Fig.  6,  the  bright  spot  at  area  46b  is  still 
apparent  but  there  are  now  patterns  of  red  and 

outside  the  time  window  0.55  to  0.75  seconds,  the 
trace  is  essentially  noise.  Thus,  the  effect  of  the 
Hilbert  transform  is  localized  to  the  same  time 
window  as  the  original  wavelet.  This  is  explained 
by  the  fact  that,  for  the  impulse  response  of  the  5 
Hilbert  transform,  the  positive  and  negative  1/t 
tails  cancel  each  other  out  away  from  the  wavelet 
leaving  only  residual  noise.  On  the  other  hand, 
referring  to  the  Hilbert  transform  trace  IV  signal 
34  of  Fig.  3,  since  the  trace  signal  values  40  are  w 
strictly  positive,  the  tails  do  not  cancel  out.  Thus, 
the  Hilbert  transform  signal  takes  on  the  appear- 
ance  of  a  Hilbert-transformed  delta  function  plus 
positive  noise,  as  previously  discussed. 

It  is  upon  comparison  of  the  old  and  new  phase  is 
traces,  trace  IV  signal  30  in  Fig.  2  and  trace  V 
signal  36  in  Fig.  3,  that  the  effects  of  the  rectifica- 
tion  may  be  still  further  clarified.  In  trace  IV  signal 
30,  the  old  phase  trace  is  randomly  noisy  outside 
the  time  window  0.55  to  0.75  second  where  the  20 
main  signal  is  located,  and  the  random  noise 
outside  of  the  0.55  to  0.75  second  window  jumps 
randomly  from  -n  to  +rt.  Thus,  if  on  a  variable 
intensity  display,  +n  was  assigned  to  white  and 
-rt  was  assigned  to  black,  the  phase  trace  from  0  25 
to  0.55  seconds  and  from  0.75  to  1.0  seconds 
would  have  a  speckled  appearance.  In  this  case,  a 
spurious  noise  event  of  duration  0.05  second 
appears  at  0.45  second.  Thus,  the  only  coherent 
event  in  the  old  phase  trace  IV  signal  30  of  Fig.  2  is  30 
a  wavelet  of  duration  equivalent  to  the  original 
wavelet;  however,  because  of  being  embedded  or 
closely  surrounded  within  an  oscillating  black  and 
white  background,  it  would  be  extremely  difficult 
to  pick  out.  35 

Conversely,  the  new  phase  signal  36,  trace  V  in 
Fig.  3,  is  not  randomly  noisy  outside  of  the  main 
data  window  of  0.55  to  0.75  second.  At  the 
location  of  the  main  data  peak,  0.65  second,  there 
is  a  crisp  transition  from  negative  to  positive.  40 
Away  from  the  wavelet,  the  tails  of  the  Hilbert 
transform  dominate  the  noise,  and  the  phase  is 
very  near  rt/2  on  one  side  and  -rt/2  on  the  other 
side. 

Thus,  it  becomes  clear  why  the  new  instantane-  45 
ous  phase  technique,  i.e.  the  phase  of  rectified 
trace  referred  to  as  PORT,  is  a  more  effective 
bright  spot  enhancer.  Because  of  the  rectification 
process,  an  event  which  shows  up  as  a  bright  spot 
on  the  phase  trace  will  be  further  enhanced  50 
because  of  the  white  and  black  shadows  that  are 
cast  on  either  side  of  the  event.  This  is  primarily 
caused  by  the  non-locality  of  the  tails  of  the 
impulse  response  of  the  Hilbert  transform.  Also, 
because  the  noise  appears  as  gray  on  the  PORT  55 
trace,  i.e.  if  black-white  color  assignment  is  used, 
it  will  not  interfere  with  the  demarcation  of  the 
shadows. 

Yet  another  advantageous  effect  of  the  rectifica- 
tion  process  is  the  increase  in  apparent  resolu-  eo 
tion.  Comparison  of  the  main  dark  peak  of  the 
event  30  in  trace  IV  of  Fig.  2  and  the  corre- 
sponding  peak  36  in  trace  V  of  Fig.  3,  demon- 
strates  that  the  new  phase  or  PORT  trace  peak  is 
one-half  the  width  of  the  old  phase  peak  30  (Fig.  65 
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rectifying  said  seismic  trace  data  (32); 
producing  the  Hiibert  transform  (34)  of  said 

rectified  trace  data; 
determining  the  instantaneous  phase  using  Hii- 

bert  transformed  rectified  data;  and 
interpreting  geological  significance  of  the  plane 

of  investigation  using  instantaneous  phase  of  the 
rectified  and  transformed  data. 

2.  A  method  as  claimed  in  claim  1  wherein  said 
step  of  interpreting  comprises: 

visually  displaying  the  instantaneous  phase 
data  for  a  selected  portion  of  said  plane  of 
investigation. 

3.  A  method  as  claimed  in  claim  2  wherein  said 
step  of  visually  displaying  comprises: 

generating  image  data  for  said  instantaneous 
phase  data;  and 

outputting  said  image  data  on  a  visual  display. 
4.  A  method  as  claimed  in  claim  3  which  further 

includes: 
using  multi-colour  video  display  and  assigning 

different  colours  to  different  polarities  of  said 
instantaneous  phase  data. 

5.  A  method  as  claimed  in  claim  4  which  includes 
the  step  of: 

interactively  varying  the  association  of  colours 
and  colour  intensities  in  said  multi-colour  video 
display. 

6.  A  method  as  claimed  in  claim  1  wherein  said 
step  of  interpreting  comprises: 

determining  the  pointwise  ratio  of  the  said 
Hiibert  transformed  rectified  trace  data  (34)  to  the 
rectified  trace  data  (32);  and, 

determining  the  arc  tangent  (36)  of  said  point- 
wise  ratio. 

Patentanspriiche 

1.  Verfahren  zum  Bilden  eines  spezifischen 
seismischen  Datenparameters  aus  seismischen 
Spurdaten  mit: 

Aufnahme  verarbeiteter  seismischer  Spurdaten 
(26)  fur  eine  ausgewahlte  Ebene  der  Untersu- 
chung; 

Gleichrichten  der  genannten  seismischen  Spur- 
daten  (32);  Bilden  der  Hiibert  Transformation  (34) 
der  genannten  gleichgerichteten  Spurdaten  und 

Interpretation  der  geologischen  Signifikanz  der 
Ebene  der  Untersuchung  unter  Verwendung  der 
augenblicklichen  Phase  der  gleichgerichteten  und 
transformierten  Daten. 

2.  Verfahren,  wie  in  Anspruch  1  beansprucht,bei 
dem  der  Verfahrensschritt  der  Interpretation  ent- 
halt: 

visuelle  Wiedergabe  der  augenblicklichen  Pha- 
sendaten  fur  einen  ausgewahlten  Teil  der  Ebene 
der  Untersuchung. 

3.  Verfahren,  wie  in  Anspruch  2  beansprucht,  bei 
dem  der  Verfahrensschritt  der  visuellen  Wieder- 
gabe  enthalt: 

Erzeugen  von  Bilddaten  fur  die  genannten 
Augenblicksdatenphasen  und 

Ubermittlung  der  genannten  Bilddaten  an  eine 
Sichtdisplay. 

4.  Verfahren  wie  in  Anspruch  3  beansprucht,  das 

blue  alternating  downward  therethrough  to  show 
specific  phase  changes  as  between  peak  and 
trough  data  indications.  The  same  is  true  for  the 
faulting  structure  as  a  unique  red  and  blue  pattern 
and  down  dipping  sequence  is  apparent  in  the  area  5 
44b. 

The  flow  diagram  of  Fig.  7  illustrates  the  color 
highlighted  new  phase  procedures.  Processed 
trace  data  input  at  stage  50  is  separately  handled 
via  three  lines  52,  54  and  56  as  stage  58  outputs  10 
negative  trace  values  on  line  60  stage  62  outputs 
positive  trace  values  on  line  64  and  full  trace  data  is 
present  on  line  54.  The  three  data  lines  60,  54  and 
64  are  then  separately  processed  through  the  new 
phase  procedures  of  rectification  stage  66,  compu-  is 
tation  of  respective  Hiibert  transform  in  stage  68, 
and  computation  of  PORT  or  the  respective  new 
instantaneous  phase  traces  at  stage  72.  Each  of  the 
PORT  traces  on  output  lines  74,  76  and  78  are 
applied  to  a  colour  monitor  for  simultaneous  20 
display  as  at  stage  80.  Tri-modal  output  display 
may  be  interactively  varied. 

Figs.  8  and  9  illustrate  a  new  phase  display  at  Fig. 
8  and  the  color  highlighted  new  phase  display  at 
Fig.9foridenticalseismicsectiondata48.Thenew  25 
phase  display  section  48a  is  of  particular  import- 
ance  as  it  illustrates,  how  the  new  phase  display  or 
PORT  display  data  serves  to  increase  resolution 
and  clarify  faulting  and/or  sharply  dipping  and 
diverging  structures.  The  section  48b  of  Fig.  9  is  30 
the  same  section  data  as  Fig.  8  when  processed  to 
effect  color  peak  and  trough  highlighting  as 
described  relative  to  Fig.  7.  Both  Fig.  8  and  Fig.  9 
show  a  much  increased  subterranean  structural  • 
content  and  order  relative  to  the  previous  types  of  35 
instantaneous  phase  display,  and  both  illustrate 
the  obviously  improved  apparent  resolution  of  the 
data  depicted. 

The  foregoing  discloses  a  novel  method  for 
processing  of  seismic  trace  data  to  bring  about  an  40 
improved  form  of  instantaneous  phase  display 
wherein  informational  content  and  interpretability 
are  much  improved.  In  the  technique  of  the 
present  invention,  seismic  trace  data,  and  the 
positive  and  negative  parts  of  the  trace  data  45 
selected  for  instantaneous  phase  display  are  first 
rectified  throughout  prior  to  processing  by  Hiibert 
transformation  and  the  subsequent  phase  pro- 
cessing  step  of  deriving  the  arctangent  of  the  ratio 
of  the  Hiibert  transform  data  to  the  original  so 
rectified  trace.  The  phase  of  the  rectified  trace  can 
be  displayed  as  a  black  and  white  image,  or 
displayed  in  a  color  composite  with  the  phases  of 
the  rectified  positive  and  negative  parts  of  the 
trace  data.  These  new  phase  displays  provide  a  55 
very  greatly  improved  display  output  for  subse- 
quent  interpretation,  further  processing  or  the  like. 

Claims 
60 

1.  A  method  of  developing  a  specific  seismic 
data  parameter  from  seismic  trace  data,  compris- 
ing: 

receiving  processed  seismic  trace  data  (26)  for  a 
selected  plane  of  investigation;  65 
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weiterhin  einschlieBt: 
die  Verwendung  eines  Mehrfarbenvideodisplay 

und  Zuordnung  verschiedener  Farben  zu  ver- 
schiedenen  Polaritaten  der  genannten  Augen- 
blicksdatenphase. 

5.  Verfahren,  wie  in  Anspruch  4  beansprucht, 
das  einschlieftt  den  Verfahrensschritt: 

Veranderung  der  Zuordnung  von  Farbe  und 
Farbintensitat  in  dem  genannten  Mehrfarbenvi- 
deodisplay  in  Abhangigkeit  voneinander. 

6.  Verfahren,  wie  in  Anspruch  1  beansprucht, 
bei  dem  der  Verfahrensschritt  der  Interpretation 
einschliefct: 

Bestimmung  des  punktweisen  Verhaltnisses 
der  Hilberttransformierten  gleichgerichteten 
Spurdaten  (34)  zu  den  gleichgerichteten  Spurda- 
ten  (32)  und  Bestimmung  der  Bogentangente  (36) 
dieses  punktweisen  Verhaltnisses. 

Revendications 

1.  Uh  procede  pour  elaborer  un  parametre  de 
donnees  sismiques  specifique  a  partir  de  donnees 
de  trace  sismique,  comprenant  les  operations 
suivantes: 

on  regoit  des  donnees  de  trace  sismique  trai- 
tees  (26),  pour  un  plan  d'investigation  selec- 
tionne; 

on  redresse  ces  donnees  de  trace  sismique 
(32); 

on  produit  la  transformee  de  Hilbert  (34)  des 
donnees  de  trace  redressees; 

on  determine  la  phase  instantanee  en  utilisant 
les  donnees  redressees  qui  ont  subi  la  transfor- 

mation  de  Hilbert;  et 
on  interprete  la  signification  geologique  du 

plan  d'investigation  en  utilisant  la  phase  instan- 
tanee  des  donnees  redressees  et  transformees. 

2.  Un  procede  selon  la  revendication  1,  dans 
lequel  I'etape  d'interpretation  comprend: 

la  visualisation  des  donnees  de  phase  instan- 
tanee  pour  une  partie  selectionnee  du  plan  d'in- 
vestigation. 

3.  Un  procede  selon  la  revendication  2,  dans 
lequel  I'etape  de  visualisation  comprend: 

la  generation  de  donnees  d'image  pour  les 
donnees  de  phase  instantanee;  et 

la  presentation  de  ces  donnees  d'image  sur  une 
visualisation. 

4.  Un  procede  selon  la  revendication  3,  compre- 
nant  en  outre: 

('utilisation  d'une  visualisation  video  a  plu- 
sieurs  couleurs  et  I'affectation  de  differentes  cou- 
leurs  a  differentes  polarites  des  donnees  de  phase 
instantanee. 

5.  Un  procede  selon  la  revendication  4,  compre- 
nant  I'operation  suivante: 

on  fait  varier  de  fagon  interactive  I'association 
de  couleurs  et  d'intensites  de  couleurs  dans  la 
visualisation  video  a  plusieurs  couleurs. 

6.  Un  procede  selon  la  revendication  1,  dans 
lequel  I'etape  d'interpretation  comprend: 

la  determination  du  rapport  point  par  point 
entre  les  donnees  de  trace  redressees  et  sou- 
mises  a  la  transformation  de  Hilbert  (34),  et  les 
donnees  de  trace  redressees  (32);  et 

la  determination  de  I'arc  tangente  (36)  du  rap- 
port  point  par  point. 
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