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7Y Field of the Invention OF GEOPHYSICAL DATA o E The.
~'nvention relates to inteérpretational display of geo- ( physical data and,

nore particularly, but nBackgreamdiof i théainbentibhon,” it r@baégs& 0 an
i nproved nethod for interactive analysis - and‘displaz ' d
mul ti pke pr dHexld esf otheelpkesitian data. 2. Description of the Prior Art
t The prior art includes isolated Instances of attenpts to increase the

i Nt er pret at iThe yinventpdbnsrel axtesdicnictenpaethtdonall @ispldye afeged-
vari able color analysis. U S. Patent No. 2,944,620 teaches a frequency

di ver sphysdgaloatatahandi nmpreq particubarlys sbyseaotto byntway rofictbriibace
with intrinsic values in the di- rection of stratumthickness, and sel ected

cBl or s tdPa r ddoreRrbatASasLoRRaiEP AV baREhef dERrofl nftenpetiye tanAL¥pL ey
t he anmou

t 15 of frequency band energy present in the display. _This
approaéﬁgeﬁfléﬁ]r%l?fagﬁiﬁﬁ?g Rl Gp e cPHaPersirs: of GRRRRYS Rl RBRNsS
of interest, and thepn with a s[%palion of selected colors per band wi dth
t he ou e ' c energy indication. U S. Patent

.3, , h he sel | f A | nsi
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| Nt er PR@ldithdEOpHYdathSlin aBtDRULIEH! whiBHCThi 2] ¥ i RPSh%es in the di-
rection of stratum thickness, and selected colors are recorded
in accordance with band width'of'frequency_to display the amount

15 of frequencg band energy present in the display. This approach
effectively attempts to isolate particular ffequency band widths
of interest, and then with assignation of seleéted colors per
band width the output is displayed to provide a basic energy
indication. U. S. Patent No. 3,662,325 teaches the selecticn of

20 one or more intrinsic.or extrinsic values of seismic data and
the assigning of a selected color to each of the values. There-
after, the data values are displayed in color overlay with color
intensities directly varied by the intrinsic or extrinsic property

- data values, as they are assigned a selected color.

25 ' | Summarv ofsthe Invention
- The present invention relates to improvements in color pre-
sentation of selected geophysical data values thereby to achieve
a final output display having greater informational content for
the interpreting geophvsicist. The present invention processes

30 one or more parametric attributes of geophvsical data, e.g. sei
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30 one or

R

nore paranetric attributes of geophysical data, e.g. sei -Z-

dat a, . expl oration'*and delineation ore body data and the |ike, and converts
o €ach data set into a unitary pixel array in two dinensions for output on a

vi sual displ ay

. The individual piXel arrays then exhibit 5 t he

sel ect ed data platmstexploxation| andi delineabiapeonndbodyedaitiay andat i s

related to the
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effects which are decisive of cértain geophysical
properties and propensities.

 Therefore, it is an object of the present
invention to provide a method for interactive colour
displéy which yields increased information to the
interpreter. o ' |

It is also an object of the present invention to

provide a versatile color analysis tool which can be
utilized with_varying forms of dimensionally related

_ geophysical data.

It is still furthér an object of.this invention
to provide a éolor analysis tool having increased
flexibility of usage and éssignment of interpretive
functions. .

It is yet another object of the invention to
provide a seismic data interpretation method wherein
the operator can change the ouﬁput display both
dynamically and'interactiveiy to empirically resolve
a best data indication. - |

Finally, it is an object of the present
invention to providera method for concurrently
displaying several measurable propefties of
geophysical data while allowing the interpgeter to
adjust interactively and visualize simultaneous
variation of several variables while empirically
relating such effects to hydrocarbons mineral
occurrence or other indicators of interest.



eractively to enpirically resolve a best data i hdi cation. 30
ally, it is an object of the pregeat invention to provide a nethod for
concurrently displaying several .neasurabl e properties _of geaphysjcal data

‘!%3 oper at or can change the output display both dynam cal 'y and

while allow ng the |rﬁ%ﬁpf%%%?w%BQaGF§§F1Pﬁﬂ€ﬂaé?ﬂvé@} R nge

" sinul taneous 35111ust¥§£éa£'ﬁétﬁédssﬁeré&s%éhl&b&eiﬂdﬂﬂﬁtéﬁﬂﬁﬁx¢éﬂ|y
relating such effects t hydr carbgns Elner% ogcurrence or other RN
i ndi cators of i¥M}¥IEs an -COAQUFLELRBLRY Py L& AR R rel ated &

draw ngs i | l-ustppépent ieshof gédpnysﬁemlf aetefze i mhe priesentanal ySI s and

col our display p ted pr.op t|e physi_cal The
presentSs o favggefof el stk ofsl RN thi, ShpS THOE ndfifis 1@
vari ous aspectsvmt1¢hssaapebbd aﬁdthystmethbdtawﬁtammhnmjsbuhamm to the

our - copendi ng RRiAGHpAn RodrBcbRIERR BactEhars ere” ddiARAIGY O "\

1 2139758) which and drawingsoaref identhicadr docthogeplonc filen witth vilch sets -

out an inventio Eb? n%@¥ﬂ°£§§i§c33933dﬁ3 cbqu@%gyn Hilégég;to other

aspects_of the netho st em accaonpanyi n% raw ngs :

FIG 13% a f|ofpecifieatirnuloragladg 758 whd inided 1quke ﬁ:‘iﬂ“br
dlsplay of geoppnéi pAeséAtaapplication and which sets out an

invention by way of its appended claims which relates
'~ to other aspects of the method and systenm.
In the accompanying d:aw1ngs :
- 15 FIG. 1 is a flow diagram 111ustrat1ng the method
for interactive color display of geophysical data;
FIG. 2 is a unit block diagram showing =
_intérconnection-of equipment utilized for interactive
color dlsplay, '

20 - FIG. 3 is an ldeallzed 111ustratlon showlng
three colored attributes of a seismic wave as combined
into an interactive colored wave;

FIG. 4 is a block diagram of equipment utilized
in carrying out interactive color display:;

25 FIG. 5 is a flow diagram of the grid program
utillzed to assign two-dimensional pixel values to
selected geophysical data;

FIG. 6 is an example of a typlcal seismic survey
'sectlon, _ :
30 5 FIG. 7 is a red section display of selected
‘portions of the seismic section of FIG. 6;
- FIG. 8 is a green color display of the selected
portions of the seismic section of FIG. 6;,
| FIG. 9 is 'a blue color display of the selected

35 portions of the seismic section of FIG. 6; '
o FIG. 10 is a three color display of the selected
portions of the seismic section of FIG. 6;
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PIG 2 is a unit block diagram show ng interconnection of equi pnent <:é§%z
utilized for interactive color display; 20 FIG 3 is an
ddealized illustration showing three colored attributes of a seismc wave
as.conbined into an interactive colo ed wave; FIG 4 is a block diagram of
equi prrent- utilkized in carrying out~iAteractive color display; 25

'FIG.d5 is a fIFm/d|agrmmsofllhbsga:decog@rQGIEMublsFégEQ s2vtdon of

t wo- di nensi ona to sel ected geophysica ata; FIG 6 is an
exagpl e of a typ%f‘:%%w% survey section; 30 ' FIG 7 is a red
section display of selEbGedI%OIslanthoéetb9195|éusplagcbﬁoa skelleicBed; FI G
8 is a green col t &C t L@n ion
of FIG 6; FIG L;ésjia b ueQ}?:e(!)I%Fg %ﬁ ngtggﬁhggsgﬁect é’g ééﬁh%@t%&o‘?ﬁ ons
‘of the dbismic skhe ipixel fnmatalowca 10 is a three color display of the
sel ected portions of tppgSeisnis §eEierEa9f £6fF of earth! fogkl s a_second

sei sm c survey sectl on of ty€| cal is-a three color display of
a sel ected portifregd (Frome QW%‘QEE?FBWBP]-FF%J-SE}Q AR&@tirating 5

the pixel formation; F#fg, 134'§satltxf@écéhméﬁéﬂbﬁﬁleaﬁbblﬁgvd@n ah ey med

fromthree-di rren5| onal sei sm c, dat a;
_ olor presen at:.on,



~ 14 is three-dimensional display in three color presentation; FI G
i s a repr&Ient diS \iss eartdprseséhoat sheneagth tepitdan ehoiedy detjpradion
'chnlque FIG 16 is a color display of gama data fron1deI|neat|on drill

hol es foreabodywdedrimerddion arechnicue; FIG 17 is an interactive col or.
di spl ay of gamma and resis- tivity for the sanme ore body. Detaited '
‘Description FEG.hd6 s ienildefdisphgyt of Fg&ama, dalta tfecmnidele mdatien
present ‘invention allows the interpreter to nore easily conprehend the .
si mul t afizddd holes \fon & iknowri creecbafygeaptysical data variables in oregr
to relate the effects to hydrocarbon or mineral occurrence, or other geo-
ph¥si cal indFd&-old dis ian einberactbve cpdokf dispblpy oife gmﬁmchncblmsuss-t-o
quanti fyi ng one or nore geophysi cal vari abl es and assigning the quantified
ar ea unééﬂlGUrﬁﬁﬁxﬁhﬁrﬁ?@ﬁﬂ%ﬁ%ab%@% a 15 gradation that is sone
function of the variable. . The resultlng quantlfled data i s then | oaded -
into digital refresh Rekailed Qe$%¥hE_H2§pE£¥_§Eﬂ£EMEB§§S&|| be further
descri bed, iﬁ ch data variable is assi to a _sel ected channel of

refresh meno NG & v%r|%blEgeoFeghﬁﬁﬁHPs°§st@ﬁbﬁ&ﬁﬁﬁ#ﬁ jinverkion
RO drit Sty e gt
A i L R g S TV Sﬁgﬁc?fﬁﬁ%ﬁiyﬁéﬁﬁ “alde
- lggggﬁyg |rt§ae%t%I rflaég:e d%t@d%%c?r%r? h @%mg'? &l & c% urr eCép’ar? c%ﬁé?e’?tggo_
| eXp|9r3b59%f€¥¥3tﬁﬁ&éﬁkors of interest. More specifically, the method

relates to quantifying one or more geophysical variables and
assigning the quantified area under corresponding data values a

15 gradation that ié'some function of the variable. The resulting
quantified data is then. loaded into digital refresh memory of a
coldr'aisplay system, as will be further désgribe&, as each data
variable is assignéd-to a selected channel'of'refresh memory for
as many variables or channels as are present in the total data -

20 compi;ation. The refresh memory channel can then be interactively
applied to the red, greén; and/or blue color guns of a standard -
television color monitor, and the data may be further varied via
lock~up tables, combining logic and other function processes
present in the image processing computet. _

25 | As shown in FIG. 1, the selected geophysical trace data as
compiled in the field for the particular exploration undertaking'
is available on tapé 10. Such taped trace data as 6n tape 10 is
compiled as a matter of standard procedure in seismic and other
mineral logging explqration undertakings, and_is readily avail-

30 able in pre-processed and digitized form for use in the ptesent
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‘is avail abI e on tape. 10, Such t aped¢ §race data as on tape 10 i's conpil eéa_s/
~a matter Qf, Standan ﬁgof@dé’éﬁ*éfhf SR}@(E FHQgSEaT BQE@' 5099/eP9 in

‘gxploratloﬁ undertakings, and I's rea abl e |n pre- proé%ssed

and di gi tisgeqd fmadda Userm ot NeoRbeE6At 12 t§Y§B@€EggaE§s¥QrQQQ%TdN'uiéhe :
geophysical data is then input to a selected form of “conputer 12 to undergo :

~ rasterizagian, s fMdtdhde desdhehedessioned PREOWasTRR iRAS! BRitzed iRl of
out put of selected attributes or properties of the data are then output 5

forgstoragrlidgetdt atribeteod of tprdpeeeibapes the 46 tandrbs tMeer it hey
are ready for interactive introduction to the display. The selected

attrishut efomstoragy 0f dhe selmstedopansmeibuseer tabegentdy, & wesl afs t he
i nput data; for exanple, in the case of ‘seismc data input, the variables

m ght . be aiEdeugkih thewderefregdenfyr éntvekapeifenengypdupitdesm to the

I nst ant aneous vel ocity, etc. The individual trains of rasterized data

val ues or Gitspliay butBe nsgleteedbatteibutesenpyappl fey of the seflresdted

menories 21, 22 and 23 of interactive color control 24. The outputs of

refresh 1PAraBngtRRs caf HATOBeAEY vabuepr ofesbed inpusuga tiatagerc @xaRRde 25

and applied tg a monitor display 26. The nonitor display 26, and_the

‘appl i cati g dih ?zﬁﬂ%ﬁ|Q%dsﬂhﬁﬁi?r@ﬁ??hénPBFne§ﬁenﬁﬁﬁﬂﬁéée§1f2$hﬁEPQlﬁWHk#‘
subj.ect to %ioeraéor sel ect'i vi tg as will be further described bel ow. 20

Ref & i ng % TeURNEY ¢ BRKF LIRS of SPRETH s R SENy SRS GARGIUS TR IGEILY s |
practiced utilizing a Hew ett-Packard nmagnetic tape drive 28 which receives £
i nput of t$e¥ pre- processed geophysical data as it functions in coaction :

?iéQAZ:??ggggaﬁ§§§ fé%%@ggugg-étgﬁggtgfpggg%r%&z%%dé a ngaégxgéié% ri-
- butes may then be selectively applied to the refresh memories 21,
22 and 23 of interaétive.color control 24. The outputs of refresh
15 - memories 21-23 are then processed through imace computer 25 and _
applied to é monitor display 26. ‘The monitor display 26, and the_';
application of rasterizéd data from the refresh memories 21-23,
is further subject to operator selectivity, as will be further
described below. |
20 Referring to FIG. 2, the technique of the present invention
is preséntly practiced utilizing a Hewlett-Packard magnetic tape
drive 28 which receives input of the pre-processed_geophysiCal
-data as. it functions in coaction with standard disc sﬁorace 30
(Hewlett-Packard) and ‘input keyboard 32 (Hewlett- Packard) The
25 magnet1c tape drive 28 also functions with the computer 34 which
is programmed for rasterization to,specifically'format-the'data
for the remainder of the imaging sysﬁem. The rasterizing computer
34 is the Control Data Corporation Model 174, known as CYBER, as
.it functions to provide rasterizéd information of the selected

30 data parameters back to. magnetic tapé drive 28 for recall to disc



. magnetic tape.drive 28 also fupgfions with the conputer 34 which is
yrammed for rasterization to specifically format the' data for the
| i nder of the imaging system The rasterizing conputer 34 is the
Control Seerager BOr at Dukphiidél-oin’ 41isnemormsyYRER s ashéh AP £8N8ot Phe
provide rasterized i'nformation of the selectgd 30 ‘data paraneters back
to. magneRteragpéver £odozschotrodcld, tthelistS Modd Dragermfge BHbEHEEsS rom
disc storage 30 is_then applied to the 2 interactive color control 24, the
| S Modétomputengelrtesastiooaguloag ing @ysﬁémalwhiﬂgifm&yiéﬁgsinmbbc@
functions in co- action with a standard color nonitor 38 and track bal
control 3ctiopovhElrasgtanfpedcgodommenidomidth andickrdek | bahy bensdeh as
t he. Model 5411 as avail abl e from CONRAC, Covina, California. FIG 3
i | [Ust r RRENERT| 482 | FBE FOLRrameaiitey oridhetniiciplkalWeayibet sechr ageghe

are shaded.w t intensity that is propor- tional to the attributes.
Thus, a&go%%ivxgﬁ‘gf aﬁxéﬁﬁl’-é?bééi R CONRAGH(Go N, feakifarniad and 46
may represent i sgi ¢, ener anpl.i - .tude, instantaneous frequency and

appr oxi mat e iﬁfgrvg}l%gPBEg es; dopddeardiaed iiarm adrariaklevaneasdispiay

of 't hay VASERY, $Be EPaRBE R U SRRt it i G 167 shoat ot peptnmerS 15
shape, voileEbetSr che btk tBleBes” Il e oy’ R of corvabLer o1 amic”
o b R TR R TLCY st Db ST S PLEHE N S iy SEE
APl 1 U Sy B B 8AnaBLs! ErSRehlol an ampy RS Hrofte b Bl 8EEe,
red shadiewpdSrivtipyedobya selected event series. That is, each pixel

in each shaded area of wave forms 42-46 is a function of that
reépgctive parameter of the seismic energy. It should be under-
15 stood too that the individual-pixels, normally square or rectan-
~gular in shape, would be of very high fesolution in this depiction,
‘but if resolution were reduced to two or three pixels per maxi-
mum amplitude, there would be a two or three étair-step slope
to each of the maximum amplitude shaded areas and lesser pixel
20 indicatibns for the lower amplitude areas. Thus, the amplitude .
function code 42 illﬁstrates a deep red shading 48 followed by.
a light. red shading 50 and a medium red shading 52. The instan-
_taneous frequency aéta or curve 44 would be fasterized as a 1igh£
blue rasterization 54.follqwed by a dark blue shéding 56 and a .
25 medium blue shading 58. Finally, the green gun information of
| rasterized cu:ﬁe 46 would show a dark green pixel combination 60
followed by a dérk green lessér peak.62 and a light green peak
64. The color composite of the three attribute color lines 42,
44 and 46 would then reproduce as pixél array 66 with yellow
30 pixel pattern 68, violet pixel pattern 70 ahd'white pixel pattern

72.
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_-‘a light red shading 50 and a nedi um rEJ'éhadi ng 52. The instan- taneo@_

frequency data or curve 44 would be rasterized as a |ight blue

q asterizationghg fof |Mﬁgs.@ya@e§a£ﬁeb}n§ﬁn§9aghn9h @har?:‘i'u%eZ%Cf Crrlljér%éejli%'fg ‘Qillé'e-

shading 58. Finally, the green gun intformation of raster.ize

woul d- shewiadadk iRk Piwetig010E NahhoBe69chakhowed Pk %f&'%}’?erﬁbm%ry
| esser peak 62 and a |ight green peak 64. The .col or conposite of the three
attribut @fc@olod idtaserddl 4, aafd 46nh¥RUL drbhaetieRNQIe Aedine! t 1 rdYe FO
mntnyyeIIOM/BO pi.xel pattern 68, violet pixel pattern 70 and white pi xe

pattern ating iflterpketérishy ateanshermanion istichia@) Hridde L1 10 Enddrt he
sel ected digital variables can be | oaded into the refresh nenory of col or
con6rol Mappanidy t heariathbe acdloel gpaokonss ibymehe ORdic. atTHigs j Né1es prefLésh
by transformation such as. track ball linear 5 mappi ng, variable col or
space asgiegonEies gteluddhisput hef; efoeskbxampiei,ca irrcitetd 2etp Hmpl i tide
‘exanple, a rasterized-anplitude section 74, a rasterized phase section 76,
a rast erisestivasl o4 i ya sexstenizéd phdse sastdonzdé addindsieatizsttvelooity
nore, if de- sired, as illustrated by position 80. 1In this case we are
deal i ng B®ctiag t1f scandiz xestephaedt pddd tivhadmseiakicns QI g rzessbddey
con- ventional seismc processes for the respective attributes and then
rast eri z& et ofh dhEusbRptedrbB4ppsition) 8cr e tWier Mase o axeecdeal ing
the disc storage 30 as the rasterized attribute di-. * - gital data
tapfs. 15ith seismip $ectipn3idtHefei AREETARTAOM 250 REERTRGESSLA | BY| eonr
r displagrnenpr 82,-dis£|a menor 8%, di spl ay nenory 86 and display _
menory 88 STf SRS %sgrﬁ?eﬁﬁ sc5P5r thgntegpestive attributes and

then rasterized through the computer 34 (FIG. 2) for the operative

placement'in the disc storage 30 as the rasterized attribute di-
gitéi data tapés. | |
15 Thé fégtefized attribute data 74-80 is tﬁen available at
~display memd#y 82{ display memory_Sé, displéy méhory 86 and
displéy ﬁemory 83 (refrgsh‘mémbries) of tﬁe.cqio; confrél 24,
The célor.contrql 24 also includes look-up tablés 90, 92, 94-96
which receive input.of the attributé déta from regpéctive_display
.20 'memo;ies 82-88. The look-up tables 90-96 function.under operator
control.in conjunction with'a.track ball 40 to apply liﬁear or
non-linear transforﬁs thereby to Apply sélective weighting_to-
selecﬁed ones.of'the attribute.dataf Once again, upder front
pahel cdntrol; ouﬁputshﬁroﬁ the respective look-up tables 90-96
.25 are.applied.to selected ones 6f fhe red cdmbining logic 100,
the green coﬁbining lbgic 102 and.the'blug éombining loéic 104.
The ¢ombihing ldgics for the respéctife prim#ry colors 100-104
. are also located in the image.compgter and their respecﬁive dut-
puts ére then applied to the color TV monitor 38 fqr final‘pfe-

30 sentation of the'interactive color image in rasterized form.
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Tﬁé color control 24 also includes |ook-up tables 90, 92, 94-96 which
gcei ve input of the attribute data fromrespective display .20 menori es

88. The | ook-up tables 90-96 function under operator control in

gnj uncti on WalsheilZaadlorPalt &) éOré@Ps¥ctibhar 18" caetildan@alt tifpNg{or s

Y¥hereby to apply selective weighting to sel ected ones of the attribute

data. EBfpuied B34 WY Prddritimddned €8AFyOobutOehRUEINCtABHE IaEPed t&e

| ook-up tables 90-96 * 25 are .applied to selected ones of the red —~
conbi ni ig kbei €100 dildyrgl ash EIEDI Bi NgItogheull2 bantnided SHdeR GEHEDE NERSE

| ogic 104. The.conbining logics for the respective primary colors 100-104
are al sdsl bott ethe radier izaei aonpoogramnthekemayr bepetiilizalitforscticen
then applied to the color TV nonitor 38 for final pre- 30 - sentation. of

t h® i nt gratenicatdlar. | Mhyeffectst thezedréenmis vilweidcrasat i5H2 at 512

sel ected sections is carried out in the conputer 34 as programred to carry
out theuhdtcgrdds and wtselecited partfodnadsedsmicofseditGorn.is Idveshbayed be
understood that tthis is but one rasterization programthat may be utilized
for secopofh® gridhdierfeedinm. inte vefsesh memordese3§ hotimental sc&ig x
512 unit grid and a selected part of ;a seismc_section is overlayed on the
grid byCPBR&RLRGNTBNRE TS FLPERSEREING6CRIPE, VAL Ss fafs anmitelf g se-
nunbers _represent,ng color |levels for one of the se- |ected seismc

Fropert#ﬁ§§ﬁde§%?q (iegiQﬂe¥FEe§e€FiGFFri?Héeéi@i-?ﬁf seiﬁﬂ°¢nﬂﬁ¥#§ %}f?'
B BV LR b A U .
be | n ¢ REe, SRak 1 ALk TEnsSRe o F  Lheo hATYAE SR, o i SaEes mied.
15 NgRY ondlYd LUl L £ Bh8RCEpRELYC SRS r&% o 355, %‘gg{xtlﬁiﬂgxéi

the top of the screen,-as time for the section wiil be in the
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vertical directién; Uﬁ'to 510 traces can be displayed simuita— '
15 neously, and both the distance between the traces, and the maxi-

mum horizdhtal'displééément for peak émplitude,'caﬁ beﬁvariéd

through input set-up of the process. |

For example, in order to display the relative amplitude of

-a seismic trace section, the maximum amplitude 6f the section is
.20 first determined. A color Iével, ranging from 0 to 255, is then.
‘ assdcia;ed with each'suéceSSive ampiitude. _The'absolute vglue
of the maximum amplitude is assigned a ievel of 255 and the otherx

amplitudes are aSSigned'color levels relative_to the maximum of

TR

either the entire section or that portion of a seismic section

25 that is being displayed. The amplitudé values of the traces are

then converted to values representing grids or pixel units on the

HHEH HRHHHE R T

T

pgaiiangada i ivingy

screen.
Thus, the locations of zero crossovers along each of the

respective seismic traces of the section, in successive manner,

mmnnrmnn

30 are first determined. The maximum color level (or the minimum

SETERIE



um hori zont al di spl acenent for peak anplitude, can be varied through |né§§§ty/
. set-up of the process. For exanple, in order to display the relative

L£hplitude of a seismic trace section, the maxi mum anplitude of the section
s 20 first determned. A color bevel ranging fron10 to 255, is then

associ ated wi th gach successi Y - of
t he maxirmman]:)H"[‘ugl%ei‘s'aﬁgsf’én@dggof“gggl"Lgf-E Fﬁb %Fh Bl it udes
are assigned col zeréeoebssoekasive whlshesndpmnuwwak @hﬂuﬂftﬂheemtlre

secgion or that portigh gb 3nSEl SULG SSAHIRN o ene ale o REIG ! aved.

The‘éhplltude va ues 0 races are then converte val ues
representing griteoorvalues amepsistedheisbicdt, WMize, tihe |amRkitoide of

zero -crogsovers ;al g?gaeaﬁ*ﬂtgf ahB€ a’ @309t @veal SN &/dritacasl Wcdd¥ are
section, in. succes3lve nmanner, 30 are flrig_deter ned. he nmaxi num
e

color level (or EReRnBRPAEALed onegati @ dime. hye considetifigh)the found

bet ween each tMséeéﬁlereeee\iahSas aTlglrS.dl widmne imeerirnldheofvdieicert i on so
t hat each sanpl e _of the sectlﬁg have two . val ues assocu?ted wthi it,

Viz. the anplit8geestion. rF& IREMOS & R0 A5 ARNYIARRAY BY vertica
scans are then ggsghaing ehe &traaet lamp Uiyt uden Hodee ter Miree sief santrmt i on

o o O fonth LR bapdeudel wadl i SE, snal S NP B e
has anplitudes fphickiggwuphithet icar respoindiingyrdadouthaieyglkfiory tpat he
gﬁ;rgzgg[‘ﬁgng coLpgh 1kaYe! ah@r p&*&%&n@f&'é e NG ddAC Norid .éﬁ'aéf'ﬁgscan-_

_ between traces and the number of grids a trace is

_ allowed to span ‘determines .how many traces must be

15 examined for each scan. | Figuratively, as one scan is
completed, it is rolled off the section to the‘rlght
and the next scan is then constructed.

Referrxng more particularly to FIG. 5, the
~ computer is initialized and receives input of the

20 ; ‘particular selsmlc section for 1nterpretation at stage

| 100.  The following flow stage 112 then carries out
calculation of the selected attribute) relative
amplituae having been the example above, and flow

_ stage 114 functions to assign colour codes to the
25 array-vaiues and to convert all array values to .

' pikels; The colour codes and'pikels,for the input
array are then output at stage 116, and a decision
stage 118 queries as to whether or not there is
additional array input for the total data. If yes,

30 ' ';he program recycles and input stage 100 receives the
next successive digital array for interpretation,
‘calculation, etc. - All system counters and tables are
initialized by stage 120.
| Stage 122 then reads all plxel and colour values

35 for .the array as enabled. Decision stage 124
‘recycles the operation of reading out pixel and colour

values as additional arrays are still required



tween traces and the nunber of «{gypes a trace is allowed to span
>t er mi nes. how nmany traces nust be 15 exam ned for each scan
iguratively, as one scan is conpleted, it is.rolled off the section to the

right and g1 et €ReNEisstheBanoBS! ilged. Ra{ai rdnp msveaf&cal arly to
.FIG 5, the conputer is initialized and receives input of the 2

parti clicin IeAweli BeSRCELAA, f Rhel BUBW IsHadld AR AisEd Pae 4RO colaiaevta%legw ng
flow stage 112 then carries out calculation of the selected attribute, .
rel ati i asgdn § udEhdaflog beageshd 2@xaind @ IHBien anghi £&0vhet 868n1E6 o
functions to assign colour codes to the 25 ~ array values and to convert:
all arréile dndsiterepentsthe Tables 0wnd airsi sivh pexaye 18 Gherkieput
array are then output at stage 116, and a decision stage 118 queries as to
wet herasrtmorhetieer 0% nddi t Rddalscamnsahave liedrnrcotplédedl datanot,| f

yes, 30 the programrecycl es and input stage 100 receives the next
success‘iﬁ@m@‘na& indigatdoni discappdiiad dig Tkowustagenl 34t to caAlll upystem
counters and tables are initialized by stage 120. Stage 122 then reads al

pi xel #Anlen 2nd Piredsveiues forpnexte annay- asl&rneekbdarrapeveibes stage
124 recycles the_operation of readlnq:out pi xel and col our. val ues as

addi ti GHe® RReESe, aRELIFMALiVE ANt tq FEage b® gweriessthecasrisr

i mage. : When all arrays for a _scan have been read, _the flow_stage 126

stores YRR P m?ﬁ?u tages if thereare sugh (2RAy §Fé§§sl§§8r§ﬂésli§@dt hen
V{I te theorsgg the set tables. Program recycllng is carried out from a

nmﬁmmﬁmmmmmnmmmmsm:mﬁl

terminal 140 to a dec1sion stage 142 to query array finished
whereupon, if finished, stage 144 moves-the table entries up
while dropping the topmost one. Function then returns to stages
126-132 whlch functions to write scans to file, and when no more
15 scans are requlred by dec1s1on stage 132 the rasterlzed 1mage
- ‘is read out for input to the image computer refresh memory.
Referring again to FIG. 4, the lmage computer operator has
manual'controllover color mix and the ability to change total
contrast of the output display. 'That is, the operator may exer-
20 cise control from keyboard 32, track ball 40 and computer front
panel controls so that the dlsplay can be changed both dynamlcally
and-lnteractlvely to prQV1de a best interpretive presentation.
Adjustmentsrare made empirically in changing the individual_
'attribute data dispiays-to finally,arriﬁe at a best presentation
25 output. - Thus, the operator may use keybcard or track ball to
obtain a best iateractive color mix for each attribute; that is,
application of selected percentage of each attribute to each
color ranging_from-pure color to a selected mix. Once a desired
color mix is obtained, the operatcr may adjust'the tonal con-

- 30 trast of each color separately or'ccllectively. Keyboard contrcl

m:uﬁm§ui:ﬁ§mg:n:'sn::n?mnnmmuummm'mmmmnnmm:mzrnmnﬂn'ﬂmmmmmm::nﬁnsmm.ﬂ!ui.
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e <y
- file and increment the tables, anpg.decision stage 132 queries 5 as<:;€:g :
whet her or not. .all’scans have been conpleted. -If not, affirmative

endicationis applled to fl ow stage 134 to call up color and pixel val ues

for next akkA¥eel knBethndtidhe/ He Uhe fodIRRS SFn UL 55BEEYC1OUL PY g

st age 136 querides e exi s- norFe s geé

-such, and,sagendag,rgads a%% ¥at & f%&oﬁfréﬂ &aRl Bs- heg’gﬁ%gglz or

recycllng is carried out froma termn 0 a decision s

quedy arrpyskbnbahed WRIERMRY marndy @@%oﬁ a&ﬁpiféanVEanbae babltﬁe
entries up while. dropping the topnost one. Function.then retdrns to stages
126- 132 mbhﬁﬁtfaaghlons to wite scans to file, and when no nore 15

scans are required by decision stage 132 the rasterized imge i's read out
for gnput to theGl.MegehowsP &yp iRl asdi SRIP®r YecREGR 1500 tAHRI ﬂatsObEkeﬁ 4,
the image conputer operator has nenual control over color mx and the .
ability tseléetgd foralildwstratiocd pgurpeseédUt Secpien. 150hak aslihkar
operator may exer- 20 cise control from keyboard 32, track ball 40 and
-conput er §upweypseektionnofolconmwr BEptiepotise! ancnedbﬁnﬁbmge:dohotﬂhat
dynam cal ly-and interactively to provide a best interpretive presentation.
Adj ust nenshowse seddaienenenyl Idowm whajusticbébewi threedsekboatsr itirave Idat a
displays to finally arrive at a best presentation 25. output. Thus, the
oper at or h#peuverikdyaddy wivilie difle it izonbsl gprogressionniedicaites saimr
m-x for each attribute; that is, application of selected.percentage .of each
at t¥9 but ecesséyeh Sb@ltopqldkfgﬁ rﬁj-crrmrﬁ pinEvey| binecof edgbtt od e mddes a

‘desired color mx is obtained,_ the operator_ may ad ust the tonal con- 30
‘trast of beBAthorAA Sesicmaned qy ctmfé%tﬁ?vbm Rej}BogrGtdom Ag selected

because it shows two exlstlng producing wells as drilled approxi—

mately at locations 152 and 154. The producing strata for the
- well 152 is within the prominent seismic indication at area 156,
15 whlle the produc1ng zone for well 154 is lndlcated by the selsmlc

'event aggregatlon at 'zone 158. The Vertlcal extremity 1nclud1ng

TG R T Y T T T Ty e T e s e T T T T S e T e T T T,

the zones 156 and 158 were then excised generally as shown by

horizontal brackets 160 and 162 for separate rasterization and

it

‘interactive color examination.
20 © FIG. 7 illustrates, in black and white’reproduction,'a._
re& color printout 164 of the selected sections 160 and 162.
Thus, the red print.164 represents one selected attribute of
the séismic sections 160 and 162 as applied to the red processing
of colér monitor 38 wifh preSentation in pixel or grid form. 1In
25 thé actua1 photographic reproduction, the black partS'qf FIG. 7
are truly reproduced while the white portions of FIG. 7 are in

bright red as presented on the TV monitor 38. The FIG. 8 repro-

T T R T T LT e T T T T T e sy

duction 166 shows the same selected sections 160 and 162, but a

different selected attribute of that energy as reproduced on

30 the green eleetronics of TV monitor 38. In the actual photo,



ges the functions of the |aqep tables 90-96, i.e. linear, non-linear,
, SO0 that tonal contrast can be hei ghtened or | essened in.selected
saphier for known anplitude ranges of the input data. 5 FIG 6 shows
‘a typi cthe Sielsskcpseeibas 2¥e bllzickhamdeasie senbed esofbiohkl st PaGi, 08
purposes. Section 150 is a |inear survey section of common depth point _
st ackedarenf@ramhi onFLBat 9sithen ks cepwdyctiom ¢b aushobegeaphhsdewing
seconds travel time vertically while the horizontal progression indicate
suc- 10a bluespigturkolépoi bllack dejrey dhillawdy dndiethé whijbe of FEG.NOI eSed
| engt h and ‘desi,gnated by units 0-170. This section is selected because it
shows thwimgiklnegipr adtuiedd tyel Mhexeidy i thedsameraanesnandl geasmiccat i ons
152 and 154, The produci.ng strata for the well 152-is within the prom nent
sd smi cseehiensi bA0apndr d§2138e 15 lustypated tfer pyetuai hhizénattaibuge 154
~is indicated by the seismc _event aggregation at_ zone 158. The vertical
ext reni®y the| §8FkdonEe 280 AAeY1 IR SRANG 55 e ksPhenedgEg¥ed general |y as
shown by horjzontal brackets 160 and 162 for separate rasteri_zation and
i nteractive EoFor 1AxadlNgtratesyhe three gelon coppesikeeof theprede and

L SPESHUELAORY R, Lk oo B 80 L Sheaselached sal an 1,
o0 o Ceggeh Rast B0 RS G R R BERR B0

P! o9 BROLoR°3 8555 1o i N DlaLE ofcliel i gt
o0 ol e B BeCeek! OB S LIS AR IOl DS Ergel B e o

r epr odupgd_0093QangesErPf Sh Al S XS QP Lo £ VR 18" 138neel it act ual

phot o,

It is a p:actice in interpreting seismic surveys to look for
"bright spots" as an indicator 6f possible produding zones; indi-
15. .cation both of the producing zones 156 and 158 were extremely
bright'ahd ;ﬁclusive of é lot oﬁ white indication interspersed
with éome teal blue indication. The zone 156 was white across
the upper and lower extremities with a.heavy teal central portioﬁ -
thereacross which gave an indication; 1ater-t6 be proﬁen from
20 knowledge of the well itself, that the producing zone waé a
highly water saturated zone. In like manner, the zone 158 gave
'strong white indications across the top and bottom with a much
lesser mid-portionhdf teal blue, and the well associated with
zone 158 has provén'to be a sound producing well.
25 - FIG. 11 illuétrates reproduction of another seismic section
172 taken aiOng a 1ine-of survey indicated generally by arrow '
- 174 with recordation of SeiSmic.energy down to about four seconds
.travel time. . The di#play is made up of Common Depth Point infor-
mation shown in gpaded wiggie trace form and serves to give a

30 good event indication of hydrocarbon containing zones in and of .
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the bl ack portions are black and thet3fkite portions bf FIG 8 are greeﬂgg%zés
FIG 9 then shows reproduction of a photograph showi ng a bl ue pi-cture 168, '
&' ack being black and the white of FIG 9 being blue in actuality, wherein
the sane izera¥ angiAiwel ¢ fhe p&LEibANSelBRtardwifAidy &dudred ratmss foTe

yet a third attribute of the sections as they respond to seismc energy.

. FIG 10 WasuHutfeaseddierd helgLes 0810 g OTRRErRe tAkve! ARG OhEh Kk hddFec-
-reproducti.ons 164-168 as produced for each of three distinct attributes of
th6196iS@eafﬁﬁﬂﬁﬂbﬂ%ééﬂébE@feﬁggﬂ%ﬁQd (Epeelbpes heiplantidéZand |Frddigency) .
three color pieture 170, nost of the black of FIG 10 is colored dark blue
~whil e thengh ti2 ds A Gegfodacgesni 108 vifi thel xastidrdrdd, tidtnted-acdight er
blue. It is a practice in interpreting seismc surveys to | ook for
- "lgri ghtowymits 'ofastlae TVidnoal toroB8pfissi ithatprzaceciiVh z(RES, 1Xdiafdér
cation both of the produci ng zones 156 and 158 'were extrenely bright and
~inclusivdmffera¢ivefanklysisndi Thei veprodaciiens dF 8ritsh chreaxt eidubixein-
-indi cation. “The zone 156 was white across the upper and |lower extrenities
with a hémmestealn celmataitpdst ©6nat gordasesod uttiicsh tpavid lustraiteathenpixel |
|ater to be proven from 20 know edge of the well itself, that the
produci ntaurtyre of heyenysvandr tbet vextdgeadomean |gpngentrakier. tFoezone
158 gave strong white indicatiogns across the tqop and bottomw th a nuch
1 esser meRPoreYontsfsueh| 2 480 weFer € Btk RURiRIRF wi tThe oFenesalhas

to b d [ 1. . FIG 11 ill trat .
e S ir SRR BSLE 8! b 332 i o e FATAES: Bapepink
L cateq et a1 YeBX g LR T4l Lo G3LL ol SEIELC SRST Yooty ©©

Poi nt i nf

éﬁite sQots as indicated by 184 indicate the existence of pro-

bable good hydrocarboh producing zones. The left side zones are
-probablé 0il zones and the right side zonés éxhibit Eealwithin

15 ﬁhe white and stfongly suggest Qas producing zones.

‘Referring to Fré; 13, there is shown a thfee-&imensional“

model of terrain as constructed from conventional three-dimen-

e errTetTTYr eTEeerE TYTT TYITS PO TTTI T ITYY !r!l'!rﬂ!lﬂ!"I'!"H"'I"!'!'Ym‘h'"mrm"m““ I IIMaT:

sional seismic information. That is, it is common practice

e,

today to run a plurality of.parallél iines of survey which digi-
20 tal pipﬁessing then enébles to be placed in three-dimenéidnal :
relatiopship and output_with any selected angular cut or cross-
section. For example, é plurality_of.sufveys sﬁch as that shown. | I
in:section 172 of FIG. 11 might be run in the same.direction but
with.eaéh offset relafive to £he others'by a predetermined number
:25- .of.feet, e.g. 220 feet, 440 féét, éSQ feet, etc. Sgch an assem- '
blage of data ﬁay_then be reproduéed.as the three-dimensional
cut (SEISCUT) of FIG. 13 which-éhcws the vertical data in the
| conventional shadéd wiggle éracg but with the horizontal data
shown in vafiable_area display at a selected.time depﬁh of cut.

-

30  The isotime model 180 is'cut to show the earth structure at 2500



Gﬁat Fon shown in shaded wi ggle trat¥d < ormand serves to give a 30 good
vent indication of hydrocarbon containing zones in and of .-13- itself.

- Howevemi tihesssund®n sel ected within squared Iines 176 was subjected to

"three color interactive analysis with the selec- ted attributes col or
.assigned (Enmed opeformptibndefaad threq+dimensidial odéel a18epigdagkbon 178
of the rasterized, three-color 5- out put of the TV nonitor 38 for that-
zone ldagdbXe dfi)beihgrihpeenettiivedyamallyni sanaliheed epo oprovias gr8aitepof
particular in- terest in that it is of a good resolution to illustrate tyeé
" pi xel simtextpretive eindica&ndnt bé dvet iezadtis omakegmcenfIGt | bd. ilThetdartlkes
events such as 180 were of dark blue color. The general 10 . background-
fiSel d sudthzee acol@r readousal 83r efn acd.dr .seSunk pimk cuhgihngosfitaection
shows up adjacent the white spots, and.clearly white spots as indicated by
184 i ntWicth cthecurdesiying ghbpssratabl e Thedeturbceebonspasdebeygarenes.
The left side zonpes ‘are probable oil .zones and the rijght.side zones -exhibit-
t eal wi t¥eRraducedt fp Hhet EVamendtognQuteiigaee pkebeddosi A§GzoRdswith
Referring to FIG 13, there is shown a three-di nensi onal npdel of terrain

as consiheickbest  bREkeRy et thRar aspestiyensRlar$naYakei ¥8)40Wnf WhddSion.
That is, jt is common ractice taqd tQ ru apJé-alit of parallel I!nes
of surARA IRSENERy . The verfical danth mlanknl8hats clargely prgessa

t -di | | | at i hi d t put ith a I ted | Jt
e e TR 180 “shOFLAG, PR 2Ss AR (9E AL Fh LGRS R aCHALS: AR TR
sect ion,172 o%/ FIG 11.m %ht be.run i %t he sa dj rectﬁhgn but tvm' t h ea%h
of f set TRF att veSEEOPHe 18P éf‘f t%}-aélepro _e‘f"éf_r_rﬂrr\ a* ﬁr’rﬁg_ Spcon 8ﬁrfse@tc, L}ea.]gl.y
220 feeénaéfg I:fggsi§§gaft?.%h’ oec't Ct'he %Jec&@igsggén of the ind_ividual strata

sm',mmmzmmmmnmmm'lmmmmmmnnnnnmnnmmmmnenmmnm|mn‘nmmmn=

as well as delineation of a producing sand in the WI;xite. areas. :;i

Ha'rd. copy color printodts of the slicéd thr'ee-dimensional_ data E“;

15 . .may be produced in variable density bar form by fofmatting the ?_:
cutput of imag'e, compx_;tér 25 for- inpﬁt. to a conventicnal.'App‘licon :E:
plotter. o g;::

Thus, a great numbef_ of spatially :elatéd data may be gquan- ;

tifiéd and subjected to interadti\}e color analysis in accordance i:%

20 with the preseni method. The selected -a'tt-ributes utilizéd in g::—___%
aﬁalysis méy be related in type; however, this is nof. necessary E:::i
since d;i.t}erse data findirig_s for a related spatial vblume may be E
combined for interactive analysis. For .example, for -é given earth E
éurvey area, it may be desi'rable tb analyze plural attributes of e_-_%

25 seismic dafa with a related attribute derivéd from such as, e.g. E
magneto 'ielluric, or induced polarization exploration, or well E:

log borehole data that may exist within the survey area. E-:

Interactive color analysis in accordance with the present
invention may be carried out with many different forms of data.

30 In addition to séismic data as previously exemplified, it is




'%Iage of

of FIG 13 which shows the verticakl&ta in the conventional shaded w

data may then be reproduced as the three-di nensional cut (SEI?S%&%)j
g

race but with the horizontal data shown in variable area display at a
sel ected tinme depth of cut. 30 . The isotine nodel 180 is cut to show the
earth structure at 2500  mlliseconds. The information of a

t hr ee- di nensi onal nodel 180 is al so capable of being interactively col-or

anal yzed
FI Gk-'_‘14 i
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~are reproduced 1n the TV nonitor output are

first let
The verti

abel ed on
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of cut and its color contours actually enable classification of the

‘geol ogi c
sand int

a@T idfud BordlibVé dleds St reba asanplle ,a3ndel ityRAlda0n Bfari ik askei Ng
he white areas. Hard copy color printouts of the sliced L

t hr ee- di mbediygnatheisd andyp be . anymérypasdseverial thousand @vidil hdibés fort

by format
Applicon
quan- tif
W th the

ting the output of image conputer 25 for input to a conventional
J@iditye fodhth uspacing eat Eachbef thespahodlelsy irsellaigreybdiat st hredovrchole
i ed and subjected to interactive color analysis in accordance 20
poedantofheweok-knavme  tybecteddertivebsuch ais Ispoettdanecus | getenthyl

‘be related in type; however, this is not necessary since diverse data
findi ngs f@Pla mMatuxal sgrrmmal (¥6) unsing}ebpodmthinesd standentar aresistivity,

anal ysi s.

For, exanple, for a given earth _ ]
density, etc. In recent years, it has been the practice to record

values fqr each variable or attribute on magnetic tapes for
every six-inch interval down hole. This provides an immense

data sotrce for the exploration geologist,'and'full inﬁerpreta-

~ tion is. now enabled by interactive color analysié. Quantified

color output of downhole values recordéd for';he-various tools
can reflect rock type and degree of uranium mineralization, as
well as formation fluid and oil saturation.

Referring to FIG. 15, an idealized partiallearth section 190'

- is shown as it might undergo uranium delineation drilling. It

is readily apparent however, that the method could be egqually

well applied to any'form of weli log data. The earth sectibn 190
inclndes a plu:aiity of boreholes 192 formed in surface 194 down-
ward_in parallel alignmeﬂt within earth 196. Borehéle instru-
ments are then run down each of the drill holes 192 and theIIOg
trace data for the respective parameters is recorded on magnetic
tape and digitized for input to the computer 12 for rasterization.

In an area of strong uranium mineralization, the natural gamma

AR 1 3353 433 11i1 811 L
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-lb-
(g%urvey area, it may be desirable to analyze plural attributes of 25
~Sei sm ¢ dxt@ bashveryehagad valltuesh e thes | Mg { O SOE Nt RE; g8@mBla WAJRRls0
telluric, or induced polarization exploration; or well |og gorehole dat a
that may axescalcuhbabethe Tacheytracen.od riey drds ve carbableakyarging depth
- accordance with the present invention may be carried out with many
differentd¢pending dnt she3elevatianddift ithe thokej stherdfibaeasepthvilousof
exenplified, it is desirabl e to sinmultaneously consider several :
attr|bute%PofNGatEeééStiﬁétwwo@Q@ﬁﬂtﬁ%ﬁndnwhﬁmbwh¢|aééitmqneﬁ pt&dubhtmﬁ}
‘drilling yields. This is especially true of uraniumore bodies and dense
dri |3 ed JPEsE| ’é?d§°ﬁ/ﬁ§ﬁ’§lel4 Fodeeme qarerthighewatlavationonetge dasihous
bor ehol e L%g E exanp in a typical uraniumore body, there may be as
many as s ?a} hoﬁ§aﬁ&°&ﬁﬂIfqﬂﬂ(§PQN¢%F§|¢fyth%oPa§ba§Ph§r sk#eh of -
~these holes is og ed with_downhql e tool . of _well-known type to derive such

as. spontaneousIBo _IY +( §ppPm (F&F3 sFRY| EOpdPHE nge PRILAATETS
t | t t h b th t
2o recor % Ya Eplf ia&ﬁdv%f&ﬁ%ne&?seéze? A S BRe et Peal SPBBOR S Lerery

si x-inch §£ éxal down hole. This provides an i mense data source for the

exploratlon georoglst and full interpreta- tion is. now enabl ed by :
i ntygy active col or- apgl yshg Q@.ﬂ&l ef'fjatcl.g &{“R t of downhole values
recﬁded for the var?ous t s canJref %cﬁ %e and degree of uranium .
m neralization, as tion fluid and oil saturation.

Referring to FIG 15 an |3 I|ze partial earth section 190 is shown as it

Tooever Thes (henelhod TASRY OF b4 Sler sl AdEBR IR
log data. The earth)seciensik§0 |
5) spontaneocus potehtial
15 Data traces for oné or more of the above attributeé may then
be rasterized and input for 1nteract1ve color proce551ng and dis-
play as elther a vertlcal cross-sectlon or, if three-dlmenSLOnal
data is available, as a horizontal cross-section corresponding
'to a certain elevation relative to sea level. Thus, if attri-
20  bute traces are derived for a specific elevation relative to sea
| level for several thbusand drill hoes, a nori20nta1 section can
be constrhc;ed showing the_areai relationship of the three chosen
variables.. | o
The color attributed to each attribute trace value may be
25 . determined from the maximum and minimum.values of, for exémple;.

the resistance.log. A color level ranging form 0-225 would be

r mnmrﬂﬂﬂwmmnmmmmmm[;mqmm"1=nnnmmr'mﬂ'1!:!mmﬂm'!rm!!mme'ﬂmn‘:m‘:m’;lmﬂmﬂﬂmm?mﬂﬂﬂﬁ?ﬂlﬂﬁmr;m I EHEIRETE R B

designated for each amplitude value above the minimum value or
"shale line". The shale line is defined as the minimum value
on any complete downhole resistance trace, and selected ones

30 of the attribute variables may be assigned color levels as




i ncludes a plurality of borehol es=192forned in surface 194 down- ward (ﬁé{}
paral Il el alignment *within earth 196. Borehole instru- nents are then ru
odown each of the drill holes 192 and the |log trace data for the respective
paraneters is recorded on nagnetic tape and digitized for input to the
conput er dexdmiinedtley i théipnamplhtadesr.ca Thfesws rcigprirlanrels are then
m neral i.zation, the natural gamm | og has very high values so the
| ogari t hroopibirhed gamdred Vapliegedr enc dheultafleyis ilfac mdmideer aand oijmége pro-

'va~%ﬁble starting depth depending on the elevation of the hole, therefore,

- eaCl | og adfssBimg Npmpetexti vity, density and whatever additional attributer

5 must be corrected to sone comon hi gher elevation, e.g. dash line 198,
as chosen frofihe Hotblbustratpsr interactiives caker urgrpgnse rdnemhtheaw

field data, the fol|owi ng_paraneters may be calcul ated by processing and
“cor Bect e B3P, obdbhutecfoyapi sarieg of twelve drifhling dupkes hneed -

nat ural gamm 2) resi stance change of resistance with depth (AR ad)

_ 3)
4) densS¥MLEPT tQEReEndbLushERERE 4n FFC. 15.  The SFMIERLves WRESor
‘nore of the above attributes may then be rasteyized and i nput for
| nt or act AR5 LTIST BPOEECSFRICERITANGANG AFOR dATHRSE DINF  FhEPUCH reds to

cross-section ar, if.three-di.nension data is ,available,.as a horizoptal
cross- sed1th % tFRsHBnafigrEang S ¥teh FARRAR T h TR | LREPRSISEY- | egbﬁ
Thus: L PhtEdge SpepeBLbeckiBRRol SoUTRR Y ¥ LRBRE LhSrShRVEF Bhee o,
can Pe CoNSENEhEEea Y 19sE08c et 1 VAN NP HaldfsplhFEaClIBRE deptn
. coordinate 204. The background of the cross-section 202 is pre-
dominantly-light.mageﬁta, i.e. areas 205, énd a deliﬁeatidn of
the uranium ore body ié shown as a.yellow fo:ﬁation 208 with
higher gamma inténsity white zones 210. Some slightly darker
15 _magehta bands 212 indicate the dipping pf thé rogks withip the
o séction.of'sﬁrvey. . | o B |
FIG. 17 iliugtratés a combined reéistancé and_gémma log
section 214 for the same éarth'sectidﬁ. The gamha iog indication
was input on the red éhannel of the TV monitor thlé the resis-
. 20  tance data wés input.on the blue_an& Qreen éhannels of the moni-
. " tor and- then interactivély weighted to p£ovide the optiﬁum sec-
tibnai picture. Again, fhe dip.of the éarth section can be
seen as mbviﬁg ffom left to'fight as indic;#ea by the upper baﬁd

216 (1ight pink). The main quy of the seétion.shows up as dark -

v s T8 89 r TS P T TTE T T YT T YT YT Y FTYTTITYE VIY TV I TII IS IT 07802608 ."vm-nmr.-m'mmvrvnnvmnmmmmmmrnmm’mrmlmllmnmmmm TR T T I T T T TR T

25‘ pink areas 218, and the.uranium 6re body is clearly delineated
in'white'areés 220. .
The interactive ahalySis method is extréﬁely ﬁseful to
the intefpreter who has an abundance of downhole data recorded
aé légs.' Applications, of'COursé,'caﬁ be found in any érea of

30 geoscience where drill hole datalis available; however, some




Wpwi)abl es The col or attributed tol8ath attribute trace val ue may be 25

det grm ned fromthe maxi rum and m ni num val ues of," for exanple, the _

egi stance 1 og. A color level ranging form0-225 woul d be designated for

" each aﬁaget:!i@qd/dppelia&wg@qﬁ@eim A fHIuMakkpleratSed @dd iy followdal e
line is defined as the m nimum val ue on any conpl ete downhol e resi stance
trace, and sqﬁ&gkﬂﬂﬁgmgscéibr cPbskhgeattibnyt e variabl es may be assigned

- color levels as eterm ned by their anplitudes.  These color |evels are
t hen b) data edinnelhebengi spl ayed on the tel evision nonitor and i ngge
pro- cessing conputer. FIG 16 illustrates interactive color response from

the 5 c¢)ganmend tseduemncé anapss¢hoeszohtalelseetdans)ing holes, e.g.
Esimlar to that illustrated in FIG. '15. The gamm val ues were assigned
psBudo €dl or oneardgnei fy/miveratizabion mapsudhordcontalpsecwivns) i n .

accordance with increasing gamma intensity. The vertical cross-section 200
represeds ainterxpretation of depesitionajoendlimorments byaisingd

el evation 202 and di spl ayed, al ong depth coordinate 204. The background of

t he cross-se@Nesl ghangeprin @B%ﬂﬁantly | i ght nagenta, i.e. areas 206, and

a deli-ngation of the uraniumore body . is shown as a yellow formation 208
with hider SeRAFMIRRRLPR\OfnFhe PERdSISNOL Sammd ifHARY” diker 15

ta bands, 212 jndicate the dipping of the rocks within th ti f
Survey. FIG SEATHRR FERES B ORBRASIGPINARHIGD BRF tpRAalI Dy SEteFon 214
f th ih s ion. . T | 0g ,i.ndi ion, .- ' t_on t
8 Lhe sam gl SRR arThS, FRTE A AN I e ek e R
on the quez§g£éE5§@)9hgﬂaels of the noni- _ _ .

g} calculation of uranium ore reserves by correcting the

IHHBHBLHEH ::..: HUigt i i s H TR

input data from the gamma log for dead time and k factor.
In fact, intéractive color analysis may be utilized with
15 diverse forms of geophysical data, the primary reqqirement beiﬁg'
that the éata be capable bffbeing orgahize&_into a'two-dimensibnal.
coordinated display suitable for grid presentation.
Interactive analysis can be readil& extended into the geo-
logic, géochemical. oil well logging interpretation{ etc. areasf-
20 For eXample, in the geologic area, recbgnition of the display of
lithofacies could be aided by loading eécﬁ color processing
'channei with grain-size data; quartz'content and labilé consti-
tuents, respectively. Shale could then be ¢od9d black, depth

could be scaled along one axis of the color print, and the color

25 displayed across the whole priht, or by having separated strips,

a cross-section built from information fram correlated well data

14 SRt SR L ]

could bé displayed. Extending this information still further,

v
L $441A1

a colored fence diagram of lithofacies having direct application

in exploration could be made. Also, contours and isometric

30 projections from mapping pfograms and the like would improve




*tor and- then I nteractively meightéd é{) provi de the opti num sec- tional
picture. - Again, the dip of the eart hsecti on can be seen as noving from

o eft to right as indicated by the upper band 216 (l'i ght pink). The mai n
body of t section,sho a as .21 and ranium
ore body t?r]'%e c‘[”é%ﬂ'?lﬂﬁl %’ﬁe%é&iﬁﬁ -mﬂ%% egF esl'h@i‘%? e‘f‘%%t 9e 'ﬁﬁf’?si s
nmet hod IS extre nterpreter

abundance* 133 0 éSBQFXeFe&8F&@8 slpﬂﬁ? sﬁﬁﬁﬂl%ﬁﬁ?%ﬁ%& o?eE%ﬁ?Eéllggh
be { ound éé]?1 éﬁgaf?Lcﬁ.Qr RSN B flld ' £2000F5 93t B¢ Shoula
¥ abl & OWever, e)

ava

- SpeC|f|§}g&p$éC hgasthgtu?ﬁahqmé?ﬂyﬁ”ég%gggﬁgg§$§T$Ogg0M§gh5 medlug -

a) lithologic co Cross ctions at1on

| sequpnce gR@S16HOpbEEBLERY 8% B Srarlatdd intd CcOlEDS! 1 EhBEEBLE2 Bbon

maps (horizontal SectionS), e) interpretation of depositional

environnegée Py ﬂﬁamelabaql iThanaRS ive A¥dddsding CehRAE182t bR Abw! BEria-
position of "gamma front"” in drilling areas.to assist del i neati on per sonnel

in deter-pifs such as”gﬁhﬂ.@/ﬁiattliﬁ@: Fddio M pOCPéa@DBy (DRai&aekal. and
vertical ‘sections), ~cal culation of uraniumore reserves by

correcting therhnphe ﬂab_adf oENdriyardA T Fed Sl DEt EPAdcdloE pRdckskaagor. In
fact, interactive color analysis my be utilized-wth 15 . diverse forns

of geophyshanhellst eoullde ber iloaded agith elerd Dedigatbay pbecdataokgandpabl e
of being organized into a two-di mensional coordinated display suitable for

grixp pr eseatbedbnoand hydrocarbon levels and types as obtained from pyrolysis,

chromatographic, and mass spectrometer dev1ces. Organic matter
type, e.g. amorphous or woody, could also be specifically color
processed and employed in displays aimed at better source rock
and source reserﬁoir pairs interpretation.. |

15 In electrophySical well log analysis, many of the logging
responses could be advantageously processed 1nteractively through
the color channels, i.e. re31stiv1ty, porosity and gamma ray
response being obvious choices as these would aid in displaying
water saturation versus.depth plots, estimating oil in place,

20 snowing capillary pressure'and permeability. Interactive color

representation may well be useful in the clearer recognition of

sand-body types from IOgging responses, especially the gamma ray

and sonic responses, and resistivity and porosity measurements,
as these have definite lithologic connotations and the complex -
25 combination of responses could be more readily interpreted using
color than by any method currently available. Continuous dip |
meter log information is similarly complex and is greatly en-
hanced by interactive color analysis.
" The foregoing describes a novel method for interactive

30 color analysis of related types of data. The analysis technique
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ibchemi cal, oil well logging interpretation, etc. areas. 20  For

Lanpl e, in the geologic area, recognition of the display of |ithofacies
coul d be aided by |oading each col or processing channel with grain-size
data; quartz content and | abile consti- tuents, respectively. Shale could
then be coded bl ack, depth could e &kcal ed along one axis of the color
print, and the col or .25 di spl.ayed across the whole print, or by having
separ at ed stripBF°§1QP55§-§€GPP§nW&ﬁQQPﬁrﬁﬂnQHﬁQﬁﬁﬁﬁim#Vf¢Qnﬁtmmablﬂted£;'

<:é§£eractivé anal ysis can be readily extended into the geo- |ogic,

wel | data could ge disgraésd; Extending this infornation still further, a
col ored fence dP94PSMm 8F 1PALAoPACIFESeALZRG dinRith At i khaoughin

expl oration cou%d be rmade. Al so, contours and isonmetric 30 | projections
f rom mappi ng pr ﬁ}SﬁﬁlgﬁchﬁguFLPéﬁmiﬁaﬁq enterfity vrighbings

display. Gh ' [ ' dyan-. .t | y. di spl d include:
pore o ze,  por obnELeBECER BE TR 36l B KAk, STERFeYuea N1 U Tand r el at ec

fact |t h : h it.ati,v. ti t ' hi gh,
actorss 1 snopkienlanibn satedutah Al est s il ge T o
use U i v1 Clghak BLBEACL NBAW SCOSAL IAVIA o AL g o, Bles such

as grain/matrix Tatio may be rea BE of organic

geochenistry, cg}@faPie¢esSbRY | I .p&%e '

i ndi cating per cgnt (a)r gani c .ELJO ;&h%gggoﬁag%g a%y‘%?’eycar oﬁh e%%isjta{aﬁ?iltypes as
obt ai ned from pytot¥sssad§icemehedaPbrovi i r i ces.

| Py ad§ R vf@@jdgf¥h£%5¥§)iﬁ?éﬁé&ﬁ?f

Organic matter type, e.g. anorphous or woody, could rcally
col or processedpantgicapheypdoperdiispl aw 1?é§%16ﬁ.better source rock and
source reservoir pairs interpretation.. 1 I n el ectrophysical well
| og anal ysis, many of the | ogging ' '



?esponses coul d be advant ageousty processed interactively through the C°|df%£;;

channels, i.e. resistivity, porosi “ay response bei ng obvi ous

¢hoi ces as these would aid in dﬁ)ggmuﬂw W“ at uration versus depth
plots, ‘estimating o0il in place, ¢ showm g capillary pressure and
permeability. .Interactive color .representation may well be useful in the
clearer recognition of sand-body types fromloggi ng responses, especially

"the gamma ray and soni c responses, and pgskstivity and porosity

meaguy ements, as these have definite lithol ogic connotations and the _

conptex 25 conbi nati on of responses could be nore readily interpreted

usi ng col or than by GIAIM®t hod currently available. Continuous dip neter
log information is simlarly conplex and is greatly en- hanced by

i nteractive color analysis. The foregoing describes a novel nethod for

I nteractive 30 col or anal ysis of related.t¥pes of data. The analysis

t echni que - 20 - brovides a AcmebhodnefeBptaragidvet 6019ay continual ly

adj ust gridded or rasterized input data_through selective col our m x and

col our intensity weiapalygisnefeg9opbysirad 4868t Wyildsdngpnogrammed 5

presentation for the_data coll ection. The skilled operator is_agble to

interactively anal ys&t8hE2}| GPEPUFPEsaBH FEP&FeHrﬂgﬁéﬂﬁﬁ:ﬁ°b6¥@§55?
enpirical process adjustnent. to proyvide definitive _display of particul ar
pPEpertiéspin qUGSti%ﬁéerpretlvepenhancement, compr1sﬂ%s?’ par

5 inputting geophysical data having
known spstial relationship relative to a
‘selected plane of investigation;

processing said input data to determine
. at least two selected attributes of said data;
10 | . quentifying seid processed .data in
"rasterized form where the at least two ‘selected
attributes of said data are represented as
functions of both area and intensity wherein the
attribute value betWeen successive zero cross-

15 overs is represented both in number of grid units
within a selected grid scale and the color |
intensity within a selected intensity range;

displaying said at least two
selected attributes of said data in rasterized

20 form in color represeﬁfation related to said
functions of both area and intensity; and

interactively varying the relationship

between one or more of said functions and the



CLAI nms: 1. A nmethod of interactive color analysis of

hysical data utilizing programred d|gltaL_conpu%e%—and—Tﬁﬁﬁe processor
nabl e interpretive enhancenment, conprising: inputting

gphysi cal data having known spatlal rel atlo um‘&‘“ﬁ“&\m a selected
ane of investigation; processing said |nput «ne . at | east
‘two selected attributes of said data, quantlfylng sai d
processed data in rasterized f or m wher & he at 'l east two select e S
attributes of said data are represented as functions of both area and Nt
intensity wherein 38808ih¢eBUER1%Y ¥O RAIDITGR SUGE it dfcd S0 Cr 0Ss- 15
overs is represented both in nunber of grid units within a selected grid
scal e and the col ogolbieassplaw.thin a selected intensity range; displaying
said at |east two selected attributes of said data in rasterized 20
formin color representation related to said functions of both area and
I ntensity; ‘and int.eractivel'y varying the relationship between one or nore

of said functions aad the A2ﬁ£th9do@$ﬂﬂ£t(ﬁﬂnrhtxneﬁiaxmchily enhance
the col or display. - C

wherein said step of - proce531ng 1ncludes‘

5 - determining three attributes of said

input data.

3. ' A method as set forth in Claim 2
wherein said step of displaying includes:
| displaying each of said attribute
10 data in rasterized'fOrm.of'a selected different

color representation... -~

4. . A method as set forth in ulaim 5,
which further 1nc1udes- _
varylng the color mix as between the
15 three attrlbute data and inputting a pre—selected

color 1ntens1ty transformatlon factlon.

5. ) .A method ee set forth in Claim 3 whieh ,
.includes deﬁefmining and inputting at least one
additional attribute’data with the three

20 ~ attributes of inpﬁt data.



¥

2. A nmethod as set forth in Cla|n11 mhereln said step of :r;__
processing includes: 5 m;mmmum‘: hree attri butes of [/
said input data. 3. A net h 4“‘““ Cl ai m 2 wherein sai i

step of -displ aying i ncl udes: di spl ayt n¢f e&ch" of*said attribute 10 dat a

in rasterized formof a selected.different color representation.. 4.
A'method as set forth in Caim3, whighgBucther includes: varying the color

"m x as between the 15 three attribute data and inputting a
prexvﬁlected color intensity transformation faction. 5. ' A net hod as
set Yorth in.d ai m 3which incl AdeetHodensi sty famdh imutQliaig & | east one
additional attribute data with the three 20 attributes of input data.
6. o A met hod wiseseinfsaid stepl afnghantdfyimgs dind lsides :of
gquantifying includes: pre-selecting a non-linear transformation of each of
the at least two 5 attr|bupéedae&eCﬁlBSSﬁtyonemmnsarv A

- nmethod as set forth |n11 wherein said step of ntifying includes
pre-sel ecting a I|né§¥a¥$§ gkiapi 0 8PCBaOK Shet B i@ﬂs§a§MQAM)zﬂtr|bute

1 .
data 10 '§“en3'tgtér1bu€e data intensity levels.

7e A method as set forth in Claim 1,
wherein 'said step of quantifying includes:

| pre-selectlng a linear transformat:\.on
of each of the at least two at tribute data

10 intens:l.ty levels .

_8‘. . A method as set forth in any one of

the preceding clalms, where:.n san.d selected

'plane of_lnveeplgatlon is -.horizontal.

9. A_method as set forth in any one of
15 Claims 1 to 7, wherein said selected plane of

| | investigatio_n is vertical.

10. A method for precessi.ng seismic data
with prog:ammed di_g'ital computer -and' image
processor to provide an enhanced display for

20 selective interpretatien, comprising the steps

of:



' processing sai

A method as set forth in any one. of. the preéceding clains, :
ein said selected plane of investigati ' ori zontal . 9, A

od as set forth in any one of 15 C aigahs in said
sel ected plane O investigation is vertical 1‘“&‘““““‘““‘\“‘“‘%(1 ' or
processing seismc data with prograned digital ccomputers arfd i nage

processor to provide an enhanced di&glay for 20 sel ective
interpretation, conprising the steps of: - 24 - processing said seisnic

data over a sel ected PFPEPeRing f2id| SRiEMIECARSA PYSFedeSRl@Cted rst o
attribute weighted grid gutput of said seismc data as represented both in
coordi nat'e gr!cPQHﬁ%%?w??h?nsﬁlgmlclse°§éEBcF8d9§Pﬁéa§€aﬁeféﬁﬁtrelative
orocessi ng- sal ALEY thive Qe Lobed ‘grin Batebtcd n oAt o dr T G ARtion
10 2 e pr s RRF B HES BB B naPEL GAa Can S & R grid
SO AT A L8 BRI il S8 REAEAD TRy o O
Ut B oSSt R SNBCELSLnRUpTEGoUnR o, ol s 1) Ot e
variation.of processing said seismic data over said selected
pdrtion of seismic section to generate a second
attribute weighted grié output of said seismic data as
10 represented both in coordinate grid units within a
selected érid SCale and relative colgur intensity
within a selected intensity range of grid units; and
displaying said attribute weighted seismic data grid
outpﬁts in overléy with said first and second
15 .attribute weighted grid outputs being abplied
ihterac%ively to depict a best empirical variation of
selected differenﬁ primary colours of a colour display
monito:.' | |
11. A method as set forth in Cla;ﬁ 13 which is
20 further characterized to includeé | |
processing said seismic data over a selected
' qution of a seismic section to generate a third
attribdte weiéhted grid output of said seismic data as
reﬁtesented both ih coordinate grid units withih a

25 selected grid scale and relative intensity within a



“selected different primary colours of a %EBSEL/EL?ELQM,ﬂDnF%or. 11. 57 )
met hod as set forth in Caim113 which is urther characterized\to-

#i ntl ude: processing said seisnmic data over km \\ \On of a.seismc¢
section to generate a third attribute wei g “ﬁi\‘!@ f said seismc
data as represented both in coordinate gri d S ww #hi a 25 sel ected
grid scale and relative intensity witdd rr a - 25 - selected intensity
range of grid units; and displaying said third attribute weighted grid
outyput in overlaye&ﬁcheéanatﬁmﬁQKYam@ngﬁxﬂﬁiQﬂk&lwnﬁtﬁuwuiﬂded grid
outputs. 5 12. A method as set forth- in Claim10 which is further
characterized t odiRBRAYdNIpSAdEs $higds aitd rddiune wveightes 1 id seeried .
portion of a seismc section to generate at |east one additjonal attribute
wei ghted grid oufPuPvEF1ayi ¥ith said Jdirh @ntiseconthPehSPESRng said at

.-Ieast one add|t|0|naL attri te wei ghted grid output in overlay with said
first and second¥gt@PtRG: 8 qﬁﬁﬂd outputs. 13. A met hod for

hydr ocar pon i ndi tor 5 |nter ret n of | ur al eIaI d seismc
sections>of thre dlﬁE%SPSﬁgp lﬁaft L AP rﬁfﬁfﬁwb Yr ammed

digital corrputerf g_han 'c 898 reorc.1 S5 w0 G e|.ng

processing said seismic data over a seiected
portioh of a seismic Seétion to generaﬁe at least one
additional attribute weighted grid output of said
10 selsmlc data; and. ._
displaying said at least one add1t101na1
attribute weighted grid output in overlay w1th said
first and secohd attfibﬁte weighted gtidibutputs.
13. ° A method for hydrocarbon ihdicatoff
15 interpretation of plural related seismic sections of
three-dimensional seismic trace data utilizing a
programmed digital computer and an image processor,
comprising: |
pfocessing said seismic data to génératé plural
20 attribute outputs of séid data for a selected plane
| through said three~dimensional seismic trace data;
rasterizing each of said plural attribute
‘outputs to'gengrate.a uniform grid oﬁtput wherein the
seismic data for each attribute output is represented

25 as, a function of pixel area within a selected grid




ce55| ng said seisnmc data to generate Mbute out put's
¢

¥ /said data for a selected plane through sg ““mgm nal seismc
Yace data; rasterizing each of said pl ural %ﬂ‘m! to generate a
uniformgrid output wherein the seismc data orc each®atiri bute out put is
represented 25 as_a function_ophgpixel area within a selected grid

-26- scale and colour intensity within a selected intensity range;

di spl ayi ng sai dsé‘éié'?ﬂéecgibérobdhﬁ%&'t? #8k8Ghed %@l%té&’qrﬂ@h eip-_
each attribute grid . output is a Selected colour mx and wei ght o&d
I ntensity; andréﬂégractlvely varyi ng the rel ati onshi p between one or nore
of the functions and the associated colour to enpirically enhance the
col our display. 10 dlsﬁﬁaﬁlné\ gRibodtas ivetef Qrtil ioutduwisnik3, wherein
said selected colours are the three primary colours. 15. - A nethod as set
forth in O ai mddlepbedhcbloubebventhydeherpitr 2RCHCldttY ibuteddiear
transformation for' 15 .each attribute grid output colour intensity.
16.- /s nethod estpet isréhsebeCkaidncbdloushimilx famd havightclafles: '

‘pre-selecting a linear transformation for each attribute grid output col our

intensity. 20 intedSity:A spdtem for processing geophysicak data of
interactively varying the relationship be;ween

one or more of the functions and the associated |

colour to empirically enhance the:colour.display.

10 14. A method as set forth in Claim.l3, wherein said
selected colours are the ﬁhree priméry colours.

-15. A method as set forth in Claim 14, which further
includes: |
éxe-selecting a'nop-linéar transformation for

15 each attribuﬁe grid output colour intensity.

16. A method as set forth in Claim 14, which further
includes:’ |

' pre-selecting a linear trﬁnsformation for each
attributé grid output colour intensity.

20 17. A system for processing Qeophysical data of
tWQrcoordinate character to enablé enhancement.of
interpretation utilf%ing a programmed digital,Computer
ané an image processor, comprising:

means for processing éna sto;ing plural records

25 of said geophysical data that are each indicative of a

¢



%mofcoordinate character to enabl e enhancenment of interpretation Utiliz(iééi:j

_ig programmed digital conmputer and an inmage processor, con;rising: nmeans

rocessing and storing plural records 25 u ﬁ“ W“Bical dat'a t hat
are each igndi cative of a - 27 - selected plm m‘“m i ute of said
data; means for rasterizing each of said stored rfecérd$ into a
t wo- di mensi onal grid wherein indivirdddl <record i ndi cations are represented
by a characteristic 5 nunber of grid units within a selected grid.
'scale and a char&elefted BaEametF ireaskribrsenof salidcdatait ensity range;

means for reproducing each of said rasterized records in a different colour
and pl acing the 10 me?%ﬁrsaﬁcéésFéébF&§9iﬁaﬁhiquﬁﬁﬂﬂwiﬁQﬁﬁbtlon as a
pl ural col our overla .and neani for, interactively varying
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attribute of sai
intensity range;

means for reproducing each of said rasterized
‘records in é'differenﬁ.colour and.placing the
10 reproduced records in grid unit registration as a
plural colour overlay reproduction; and:
meahs.for interactiyely varying the relationship
between one or more of said record indications to
émpirically enhancé the colour display.’ | .
15  18. A system as set forth in Claim 17 which further
includes: |
means for non-linearly transforming coldur level
of a least one parémétric_attribute of said data.
19. A system as set forth in Claim 17 which further
20 includes: |
| means for linearly tranSforming colour lével of
at least one parametric attribute of said data.
20. A system as set forth in Claim 17 wherein said

means for reproducing comprises:

25 s plural display memory'means receiving said



“A systemas set forth in Caim17 wherein sai d neana ‘. reproduci ng -

C m(} es: 25 pl ural display-ne I ng said-
- r/espective rasterized records; plural , H s providing

conttol | ed out put of said dlsplay nmenor y neans cand ool eur-« nltor means
receiving output fromsaid plural 5 I nt erconnect neans. A
systemas set forth in Caim 20, whet®in said plural |nterconnect nmeans

conprise: plural |ook-up table neans_each qgnnected to a respective one of
said di splay mefSSPEREHYS AfFefized records

h | ect I table t t, | t f
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substantially as descri erence acge anyi
cubstant o) w508 WP hatd iy pERLEY SHERRS BROSERERRIVLIS,
described and as&%?%@%'dLéJE*éEéé!U%HQ“@@tS&@“%PQE said plural
| S '~ interconnect means. 3 -
2. A system as set forth in Claim 20, whereln said
plural interconnect means comprise:
plural look-up table means each connected to a
respective one.of said display mémory means; and
10 plural colour combining logic meané each
selectively connectable to at léagt one of said
look-up table means.
22. A method of interactive colour analysis of
geophjéical-data subsﬁaﬁtially as described with
15 -reference to the accompanying drawings.
23. A system for proceésing geophysical data
substantially as described and as shown in the

accompanying drawings.
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