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'A|Z43} (visualization); & Y¥rH o2 Alge Fo=2 AAY F U= ALE
A9 7HE ded AU Aol H{F PYe|2 HPAIII = AL 9n¥Y.
#eH 28 Ald%e dAe] YHE FiFEH 1YL ol 8o AN (gE
TE (FEf)dA e Aol o= F= Fu, 9}, At XAt F9
ForolA dHe ANy Yo F A3 FAY o B AR} A5 4
d (interactivity)& 5-o§3}7] 913} Al8-5 o]t} (Fuller and Francis, 1996).

H4AH g Ao ¥4 JHed v A8 £48, A8V A A
o] J§& 7MY B3 oE AE¥ 4 A+e =43 84 (graphical primitive)
2 R¥U3= Aol old HE A4 VYL uf$ dgsi, Ao g4
o] 5= A5 £4& oJHPYLEZHN AAF Ay WYL M9y & Qo)

H A A9 7329 e = YA (tool-oriented) R AA| X
%3 (object-oriented) TZ 1Yok g HZ Wdo] YutYolt} £ A A
A BALS BUH ALY Al2"o] F4uNE AFIE 7EAH dEE do
A1 28 Y L AgdoF s Md7A sy 4 gy 4 B
A =7 A AgYos 20y HE ov)@r} (Manssour et al, 1997).
oh-&2 AR AlZAY AL A8 FNHY BN L F V)15 @4 34Y.
A48 AEY AT 71574 33 DBMS (database management system)’} £ F
gt

€ 479 dd A8 A I FREA F JHA fYPoE FEY £
ot e 3AHY A& e AFH Agoln, F HAE MY wdE A4
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T AL F 7 #¥9 ARE AHEAY 879 RHEdHE, AH43Y HF
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A 33

g 7oA AR A9 75 33d FH ARE AFEA B4
I A% & A 30, d3y JdEHAol2E F3 ARV RARENEH BR
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¥ 7 JE 71%0] FIHEY, s Py JRo A& A3 dlo|g o]
& A|&flo] 71M & o|F&E ¥

ol A|2RE EAAAHoZ AR AL v Yo FAolnz E A
Tl H4 A AR A29 (GIS) 2ZES o] 7tedH 34 ArcView,
¥ 7|MeE 3o A3 HR AG}E 7Y F UEE 343Uy 224
W2 ArcViewol WHE AA XY ZAHE Aol TAvenuey; & FE AME3}
o REANo= C AUoE o83t 193U



I 3349 AR A= A2

A)gE 322 § HERE AN HI ¥ 5o o= g 93 ¢
Abe] A4F AF &8 BAM 9% Aol g8k o8 71 7 §AF
o3 AHZH 33 ARE Yoz dRF 1FE JH Fx wid FH=2
TolX o, A3 vl &3 S d¥ ARE 1A 1 o). o)y 23
5S4 ET 32 TN ARE ol 43U 9% AA3 ol volume
visualization®] t}..

Volume visualization® ¥ % &1n8lEFL A direct volume rendering (DVR)
3} surface fitting (SF), 12]3l interactive rendering€ HE WY Fo] U
(Owen, 1999). DVR 3z} 7HA|¢] Y4 E oFF-d 7|3 84 (geometric primi-
tive)2] wj7) §io] AR fH| EAIZ= PPo2ZA JAG FA9 2 7R
% (amorphous) 7HH| o] A|ZAd}e] F2 ALEET} SF WL dAE L /A
HEERH AU (so-surface)E TAsHE Aotk £ AFolAg Zo] g9
ANzt g0 F B3 Z 9= DVRoOIY SF HoE &4 dedla w24
AEE AF3= d324 PY (interactive methods)?] A 3 3}r}.

32 W Yo := wireframe contours, multiplanar reprojection, sweeping plane
°] Ao o] 7}&dl wireframe contourss EHUEHE A7} of$- AFHolmz
¥ Aol 3R %t Multiplanar reprojection® slicing®| 2t % 3t 33}
¥ A8E tor9 HPo| FY3to HAFE Holth Sweeping planed T
FEH2 Holgle AE Y EE UFe FAL FHAI|EA HHo| HIs=
HAHE =X WYoltd. £ A7 9 A= multiplanar reprojection 3{-& o]
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1. 98 A3
3 AR 3A349H AAME HE}A ArcViewdl A ALERE F U= AN 2D
(object model)<> Shape, TIN (triangulated irregular network), Grid °| %oy
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A (slice)d] W& AT H 3 A AP @HUL =AIJES 33
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Fig. 1 The flowchart of generating the slice polygons.



Table 1 A pseudo-code for constructing slice shapefiles.

INPUT f£i: x coordinate of the first sample,

For each i, = 0, -
For each i = 0, -

End

dy. interval of x coordinate,

n,: number of samples for x dimension
fy: y coordinate of the first sample,

d,. interval of y coordinate,

n,. number of samples for y dimension
f: z coordinate of the first sample,

d;: interval of z coordinate,

n;: number of samples for z dimension

End

',ny_l

',nx_l

For each i; = 0, «, n, — 1

End

(Set coordinates of current sample.)

X =f+ i % dy

y=htixad

z=ﬂ+ixxdz

If user selects x-plane
(Create four vertices with constant x coordinate.)
n=xy—d/2 2 —d/2)
m=x,y+d, /2, z — d;,/ 2)
py=y+d /2, z+d;/2)
ppo=x,y —d /2 z+d,/2)
(Create a rectangle polygon on y-z plane.)
Py = (p1, p2, P3, Pa)
Set attributes for P,.

Else if user selects y-plane
(Create four vertices with constant y coordinate.)
p=x—d/2,yz—d/2)
p=kx+di/ 2, y,2 — d;/ 2)
m=Kxx+d/2, y,z+d;/2)
po=x —d/2,y,z+d:/2)
(Create a rectangle polygon on x-z plane.)

P, = (P]! P2 Py Pa)
Set attributes for P,

Else if user selects z-plane

(Create four vertices with constant z coordinate.)
nm=kx—-d./2,y —d /2 2)
m=kx+di/2,y —d /2 2
pp=(x+d/2, y+d /2 2)
ps=(x —di /2, y+d/2 2)
(Create a rectangle polygon on x-y plane.)
Px=(PI: P2 P3, P4)
Set attributes for P;

End
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Fig. 2 Three orthogonal cross-sections of the Boonsville 3-D seismic data.
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Fig. 8 An example of event picking process.
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Fig. 9 Three-dimensional view of the top of Davis formation in the Boonsville data.
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Fig. 10 An example of cross-sections to build a polygonal model by sweeping.
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Fig. 11 Definition of the control points on each cross-section to guide the connection of them.
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Fig. 12 A polygonal model constructed by sweeping cross-sections.
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715% EF A (control poin)EL A3 o] FEo| HEE HF 93t EHE
ol M2 ojgA dZ2€ AJAE ARG (29 11).

29 E 4 dEE olFE FEC] AR UgH ok 2R fof HI
g AJAE Alo]E FYAUEH (resampling)3ld A A5 AL ZEE A
t}, o)A d@AN F Hol Z} duoA diF3= HY HAAE AUEE &3
ol #AAEL Falot dted ol B EAZ ¥ 5 UG-

B AFore} go] oA og Fojx = 3 ALY AH{HE A&7
AT ZAF FEAE T 93 (piecewise polynomial) HIH O g 3z} £~

'--.-.-.-----.----.--------.--l-—lll-ill e e B A o e O B B B B MR W B R W OW PR

| between the
control points

L)
1
)
I
1
1

..................................................

Inclined cross- Vertical cross- Horizontal E;::;:f
gsection saction cross-section ton

Fig. 13 The flowchart of the modeling system using sweeping.
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Table 2 A pseudo-code for sweeping variable cross-sections along a wobbling spine.
-
Inputs: cross-sections X = [x,], control points P = [pn], number of resampled points between the

control points 4, number of resampled point between the cross-sections v. (n: number of
cross-sections, m: number of control points on a cross-section, /: number of nodes in each
Cross-section)
Foreachi=1, -, n
Foreachj=1,:-,'m
Foreachk=1,---, 1
K = [kw] = {k| min(|lp; — xuf)} (find indices of x that has minimum distance to p)
End
End
End
Foreachi=1, - n
Foreachj=1,:--. m
$=[xp] 0 =hy, ", kij+1)
End
S = [smp] (list of nodes arranged by control points on a cross-section)
Foreachj=1,-, m
r = [rx] (resampled points obtained by interpolating s)
End
R = [rw] (list of resampled points between the control points)
End
H = [ram] (points for the whole cross-section)
Foreachj=1,:---,m
Foreachi=1, - h
v ={rs] = {r| ryy € H} (resampled points that have constant i and ;)
t = [#,] (resampled points obtained by interpolating v)
End
T = [#m] (list of resampled points between the cross-sections)
End
V = [twm] (points for the whole model)

ST (cubic spline) (Press et al., 1992)2 Al{3ld YL $¥sgc) 1
128 B3 ¥ ARHEZHEH EYI & YA ZdE SA4% Bgolt) E
el A7 B A AEY T E 2AFoEZHA Aojg 4 Q)
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Fig. 14 A horizontal cross-section generated by the software at the user-de-
fined altitude of the model.
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Fig. 15 An updated model with the edited version of the cross-section in Figure 14.
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Fig. 17 An inclined cross-section generated by using user-defined quadrilateral.
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Fig. 18 A 3-D perspective of the ore bodies (dark gray shapes) and the cavities (light
gray shapes).
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Fig. 20 Allocation of the control points on the cross-sections at the bottom of the orebody.
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Fig. 21 The cross-sections extracted from two models generated with different config-
urations of the control points.
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Fig. 24 Comparison of the vertical cross-sections generated by interpretation of human
expert (2) and by this computer software (b).




Fig. 25 The final model of the orebody constructed from the horizontal cross-sections.
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Fig. 26 A vertical cross-section at cross-line 170 of the 3-D
seismic data showing a formation distortion.
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Fig. 27 Three-dimensional view of the sinkhole model.
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' MODELER.3D: Create 3-D model from cross-sections

L |

Initialize.

strTitle = "Qrebody Modeler”®
docScene = av.GetActiveDoc

' Create a list of active PolygonZ themes
' and PointZ themes.
L]

l1istActiveThemaes = docScene.GetActiveThemes

listPgzThemes = List.Make
listPt2zThemes = List.Make

' Select PolygonZ themes and PointZ themes.
FOR EACH thmActive IN listActiveThemes
IF {thmActive.lIs{FTheme))} THEN
fTabActive = thmActive.GetFTab
strClagssName =
fTabActive.GetShapeClasas,GetClassName
IF (strClassName = "PolygonZ™) THEN
listPgzThemes.Add (thmActive)
Elself (strClassName = "PointZ™) Then
1istPtzThemes.Add {thmActive)
End
END

' If there 1s no polygon or point themes selected
* then exit.
'
If (listPgzThemes.Count < 1} THEN
MsgBox.Error{"Cross-sections in active themes
required.”, strTitle)
EXIT
End
If {listPtzThemes.Count < 1) Then
MsgBox.Error{”"Control points in active themes
required.”, strTitle)
Exit
End

' Ask for the destination scene.

listScenes = {} ' look for 3-D Scene
FOR EACH docCurrent IN av.GetProject.GetDocs
IF (docCurrent.Is(Scene}) THEN
listScenes.Add(docCurrent)
END
End

' Select destination scene.

IF {listScenes.Count > 1) THEN
scnDestination = MasgBox.ListAsString(listScenes,
"salect destination scene:"™, strTitle)
Elself (listScenes.Count = 1) Then
scnDestination = listScenes.Get{0)
Else
MsgBox.Warning{"No destination scene to display
the result.®, strTitle]

' Compute average number of vertices in the polygons
' to inform user.
'
nbVertices = 0 ' number of vertices
nbPolygonZ = 0 ' number of polygons
For Each thmPgz In listPgzThemes
fTabPgz = thmPgz.GetFTab

' Get the sum of vertices from all the polygons.
'
fldShape = fTabPgz.FindFleld("Shape®}
FOR EACH recFTab IN fTabPgz
pgzIn = fTabPgz.ReturnValue{fldShape, recfFTab)
For Each listPolygonZ In pgzIn.AsList
nbVertices = nbVertices + listPolygoni.Count
nbPolygonZ = nbPolygonZ + 1
End
END
End
nbVertices = (nbVertices / nbPolygonZ}.Round °
average number of vertices from all the polygons

' Get the number of samples to resample from user.
'
1istNP = MsgBox.Multilnput (“"How many pcoints do you
want for laying out points?®, strTitle,
{"Horizontal:™, "Vertlcal:"}, nbVertices.AsString,
nbPolygonZ.AsString})
If (listNP.Count = 0) THEN
Exit
Else
strNH = 1istNP.Get (D)
strNV = 1istNP.Get (1)
End
If ({strNH.IsNumber.Not) OR {strNH.AsNumber < 2})
THEN
MsgBox.Error{™Invalid number of points.¥,
atrTitle)
EXIT

End
I1f ((strNV.IsNumber.Not) OR (strNV.AsNumber < 2))
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THEN
MsgBox.Errcr{™Invalid number of points.®,
strTitle)
EXIT
End

' Set the number as integer.
?

nbNH = 3trNH.AsNumber.Round
nbNV = strNV.AsNumber.Round

¢ Set an argument list for Modeler.Resampler script.

1

listArgs = {listPgzThemes, listPtzThemes, nbNH,
nbNV, docScene}

' Get the resampled points of each poclygon,
'
listsGrouplD = av.Run{*Modeler.Resampler™, listArgs)
' a list of the lists of resampled groups and their
IDs
listsGroup = listsGrouplD.Get (0)
listGroupID = listsGrouplID.Get (1)
If {l1istsGroup = nil) Then
MsgBox.Error ("Resampling failed."™, strTitle)
Exit
End

' Patch the resampled points as surfaces.

thmModel = av.Run{"Modeler.Patcher®™, {listsGroup,
listGrouplD, nbNV)) ' a MultiPath theme of model

1f (thmModel = NIL) Then
MsgBox.Error{®"Surface patching failed.®, strTitle}
Exit

End

' Set new thame's attributes and add the theme
' to destination scene.,

I1f {scnDestination <> NIL) THEN
thmModel.SetVisible (TRUE)
thmModel . SetName ( "Orebody Model®)
thmModel.Invalidate (FALSE)

' Set legend ¢of the theme.
lgdModel = thmModel .GetLegend ' get the legend
lgdModel .GetSymbols.UniformColor {Color.GetRed)

' Add the theme and refresh the scena.

scnDestination.AddTheme (thmModel)
acnDestination.GetWin.Invalidate
scnDestination.GetWin.Activate
acnDestination.GetWin.Close
acnDestination.GetWin.Open

End

' End of acript.

. N T R N NN U

' MODELER.RESAMPLER: Partitions and resamples
a pelygon theme in 3 dimension
<< Called by Modeler.3D

Get arguments,

'

listPgzThemes = self.Get (0)
listPtzThemes = self.Get (1)
nbPtsRor = self.Get (2)
nbPtsVer = self.Get (3}
docScene = self.Get (4)

' Initlalize.

r

strTitle = "Modeler.Resampler™ ' title
fnWorkDir = av.GetProject.GetWorkDir

' Specify cutput shape-file of merged polygons.
_ .
If {listPgzThemes.Count > 1) Then
fnDefault = fnWorkDir.MakeTmp {"NewXS", ™shp™)
fnOutput = FlleDialog.Put{fnDefault, "*.shp"”,
atrTitle + "~-Gathered Polygoni™)
If (fnOutput = NIL) THEN
Exit
END
fnOutput.SetExtension (“shp™)
fTabPgz = FTab.MakeNew (fnOutput, PolygoniZ)

' Add some fields.

)

fldElevationPgz = Field.Make("Elevation®,
#FIELD FLOAT, 8, 2)

fTabPgz.AddFields({fldElevationPgz})

fldShapebPgQz = fTabPgz.FindField("Shape®™)

' Merge all polygon themes 1into one.

For Each thmPgz In listPgzThemes

' Get fields of input theme,

1

fTabPgzIn = thmPgz.GetFTab

fldShapeln = fTabPgzIn.FindFleld("Shape™)

fldElevationln =
fTabPgqzIn,FindField("Elevation®)

' Add each record to the new shape.
'
For Each recPgz In fTabPgzln
objShape = fTabPgzIn.ReturnValue{fldShapeln,
recPgz)
nbElevation =
fTabPgzIn.ReturnValue(fldElevationIn,
recPgz)
nbRec = fTabPgz.AddRecord
fTabPgz.SetValue(fldShapePgz, nbRec, objShape)
fTabPgz.SetValue(fldElevationPgz, nbRec,
nbElevation)
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End
End
Else ' if there 1s only one polygon theme
fTabPgz = listPgzThemes.Get {0} .GetFTab
fldShapePgz = {fTabPgz.FindField("Shape®)
fldElevationPgz = fTabPgz.FindField("Elevation®™)
End

' Specify output shape-file of merged points.
'
If {listPtzThemes.Count > 1} Then
fnDefault = fnWorkDir.MakeTrp ("NewCP", "shp"™)
fnCutput = FileDialog.Put({fnDefault, "*.shp”,
strTitle + "--Gathered PointZI®)
I1f (fnOutput = NIL} THEN
Exit
END
fnOutput .SetExtension{“shp™)
fTabPtz = FTab.MakeNew(fnOutput, PointZ)

' Add some fields.

L

fldGrouplDPtz = Field.Make{"Group ID",
¢FIELD DECIMAL, 3, 0)

fldNodeIDPtz = Field.Make{"Node 1D",
#FIELD DECIMAL, 3, O}

fldElevationPtz = Field.Make{"Elevation®™,
#FIELD FLOAT, 8, 2)

fTabPtz.AddFields ( { f1dGroupIDPtz, fldNodeIDPtz,
fldElevationPtz})

fldShapePtz = fTabPtz.FindField("Shape™)

' Merge all point themes into cone.

For Each thmPtz In listPtzThemes

' Get fields of input theme.

'

fTabPtzIn = thmPtz.GetFTab

fldShapeln = fTabPtzIn.FindField({®"Shape™)

fldElevationlIn =
fTabPtzIn.FindField("Elevation™)

f1dGroupIDIn = fTabPtzIn.FindField(®Group ID")

fldNodeIDIn = fTabPtzIn.FindField{"Node 1D%)

' Add each reccord to the new shape.
'
For Each recPtz In fTabPtzln
objShape = fTabPtzIn.ReturnValue{fldShapeln,
recbtz)
nbElevation =
fTabPtzIn,ReturnvValue{fldElevationln,
recbtz)
nbGrouplID =
fTabPtzIn.ReturnValue{fldGrouplIDIn,
recPtz)

nbNodeID = fTabPtzIn.ReturnValue(fldNodelDlIn,

recPtz)
nbRec = fTabPtz.AddRecord

fTabPtz.SetValue (fldShapePtz, nbRec, objShape)

fTabPtz.SetValue(fldElevationPtz, nbRec,
nhElevation)

fTabPtz.SetValue (fldGroupIDPtz, nbRec,
nbGrouplID)
fTabPtz.SetValue{fldNodeIDPtz, nbRec,
nbNodelD)
End
End
Else ' if there is only one point theme
fTabPtz = listPtzThemes.Get (0} .GetFTab
fldShapePtz = fTabPtz.FindField{"Shape®)
fldElevationPtz = fTabPtz.FindField("Elevation®™)
£f1dGroupIDPtz = fTabPtz.FindField("Group_ 1D")
fldNodeIDPtz = fTabPtz.FindField("Node ID")
End
f1aGrouplDPtz.SetAllias{"Group ID™)
fldNodelDPtz.SetAlias{"Node 1ID*}

' Get the number of records in the polygon

' and the point themes.

’

nbPgz = fTabPgz.GetNumRecords ' number of polygons
nbPtz = fTabPtz.GetNumRecords ' number of points

' Get the bitmaps of the polygons and the points.
binPgz = fTabPgz.GetSelection
bmPtz = fTabPtz.GetSelection

' Perform the conversion.

’

av.,ShowMsg ("Resampling...")
av.ShowStopButton

' Make tables from the polygons and the points.
)

tblPgz = Table.Make (fTabPgz)

tblPtz = Table.Make(fTabPtz)

If ((tblPgz = NIL) Or (tblPtz = NIL)) Then

MagBox.Error("Unable to create tables.™, strTitle)

Exit
End

' Make a list containing the indices of groups.

listGrouplID = List.Make

' Sort the table of points in ascending order
' of group.

tblPtz.GetWin.Open

tblPtz.Sort(fldGrouplIDPtz, false)

' Find the indices of the groups.
'
For Each nbRow In O .. {(nbPtz - 1)

nbRecord = tblPtz.ConvertRowToRecord|{nbRow)

nbGrouplID = fTabPtz.ReturnValue{fldGrouplIDPtz,
nbRecord)

If (nbRow = O} Then * inlitial case
listGrouplD.Add {nbGroupID)
nbGrouplbCurrent = nbGrouplD

Elself [(nbGrouplD <> nbGrouplDCurrent} Then
listGrouplD.Add {nbGrouplID)
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nbGrouplDCurrent = nbGrouplD
End

' Make a list of the lists containing elevatlons

* in each group.
’

listsElevation = List.Make

* Sort the table of peoints in ascending order
* pf elevation,

tblPtz.Sort (f1dElevationPtz, falase)

' Find the elevations for each group.
'
For Each nbGrouplD In listGrouplD
fTabPtz.Query (™ ([Group ID] =% ++
nbGroupID.AsString + "*}%, bmPtz,
$VTAB SELTYPE_NEW]
fTabPtz.UpdateSelection
tblPtz.PromoteSelection
listGroup = List.Make
For Each nbRow In 0 ..

{fTabPtz.GetSelection.Count - 1)
nbRecord = tblPtz.ConvertRowToRecord{nbRow)

nbElevation =
fTabPtz.ReturnvValue{fldElevationPtz2,
nbRecord)

If (nbRow = 0) Then ' initial case
listGroup.Add (nbElevation)
nbElevationCurrent = nbElevation

Elself (nbElevation <> nbElevatlonCurrent} Then

l1istGroup.Add (nbElevation)
nbElevationCurrent = nbElevation

End

End
listsElevation.Add{1listGroup}

t Sort the table of points in ascending order
' of node number.

*

tblPtz.Sort (fldNodelIDPtz, false)

* Processing on each group.

.

listsGroup = List.Make

for Each nblIndexGroup In 0 ..
(listGrouplD.Count - 1}
nbGrouplD = listGrouplD.Get {nbIndexGroup)
listElevation = listsElevation.Get (nbIndexGroup)
listsCP = List.Make
listsRnP = List.Make

* pProcessing on each elevation.

For Each nbElevation In listElevation
strQuery = "({[Group ID] =% ++

nbGroupID.AsString + ™) AND {{Elevation] =" +4

nbElevation.AsString + ") }*"
fTabPtz.Query{strQuery, bmPtz,
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fTabPtz.UpdateSelection
tblPtz.PromoteSelection

* Select polygons in current elevation.

"

fTabPgz.Query{"([Elevation] =% ++
nbElevation.AsString + ")", bmPgz,
#VTAB SELTYPE_ NEW)

fTabPgz.UpdateSelection

' Processing on each point.
¥
For Each nbRow In 0 ..
{fTabPtz.GetSelection.Count - 1)
nbRecordPtz = tblPtz.ConvertRowToRecord (nbRow)
ptzControl = fTabPtz.ReturnValue(fldShapePtz,
nbRecordPtz) ' get current control point

' Search the closest point in the polygon
' to current control point.

nbCount = 0 ' count for initialization
For Each nbRecordPgz In fTabPgz.GetSelection
pgzOrebody =
fTabPgz.ReturnValue (fldShapePgz,
nbRecordbPgz)
listsPart = pgzOrebody.AsList

' Loop for each part.
'
For Each nbPart In 0 ..
{listsPart.Count -~ 1)
If (nbPart = 0) Then
nblIndexPart = nbPart
End
listPointZ = listsPart.Get(nbPart})
listPointZ.Remove(listPointZ.Count - 1)

* Loop for each point.

FOR EACH nbPoint IN QO ..
{l1istPointZ.Count - 1)
ptzOrebody = listPointZ.Get (nbPolint)
If (nbCount = () Then ' initialize
nbClosest =
ptzControl.Distance {ptzOrebody)
nbIndexPoint = nbPoint
nbIndexPart = nbPart
nbIndexRecord = nbRecordPgz
Else
nbDistance =
ptzControl.Distance (ptzOrebody)
IF {nbClosest > nbDistance) THEN
nhClosest = nbDistance
nbIndexPoint = nbPoint
nblndexPart = nbPart
nbIndexRecord = nbRecordPgz
End ' if closest
End ' if initial
nbCount = nbCount + 1
End ' for nbPoint



nbGrouplIDCurrent = nbGrouplD
End

' Make a list of the lists containing elevations
' in sach group.

listaElevation = List.Make

' gort the table of points in ascending order
' of elevation.

1

tblPtz.Sort ({fidElevationPtz, false)

' Find the elevations for each group.
'
For Each nbGrouplD In listGrouplD
fTabPtz.Query (™ {{(Group ID] =% ++
nbGroupID.AaString + *} %, bmPtz,
§VTAB_SELTYPE_NEW)
fTabPtz.UpdateSelection
tblPtz.PromoteSelecticn
listGroup = Liat.Make
For Each nbRow In 0 ..

{fTabPtz.GetSelection.Count - 1}

nbRecord = tblPtz.ConvertRowToRecord (nbRow)

nbElevation =
fTabPtz.ReturnValue{fldElevationPtz,
nbRecord)

If (nbRow = 0) Then ' initial case
1istGroup.Add (nbElevation)
nbElevationCurrent = nbElevation

Elself (nbElevation <> nbElevationCurrent} Then

1istGroup.Add(nbElevation)
nbElevationCurrent = nbElevation

End

End
listsElevation.Add{listGroup)

' Sort the table of points in ascending order
' of node numbaear.

tblPtz.Sort [fldNodelDPtz, false)

' Processing on each group.

'

listsGroup = List .Make

For Each nblIndexGroup In 0O ..
(listGroupID.Count - 1)
nbGrouplD = 1listGrouplD.Get {nbIndexGroup)
listElevation = listsElevation.Get (nbIndexGroup)
listsCP = List.Make
listsRnP = List.Make

' Processing on each elevation.
'
For Each nbElevation In listElevation
strQuery = "(([Group ID] =% ++
nbGroupID.AsString + ®) AND {{Elevation] =% ++
nbElevation.AsString + "} )"
fTabPtz.Query(strQuery, bmPtz,
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fTabPtz.UpdateSelection
tbhlPtz.PromoteSelection
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' Select polygons in current elevation.

[

fTabPgz.Query(™ ([Elevation] =" ++
nbElevation.AsString + *)%, bmPg2,
§VTAB SELTYPE_NEW)

fTabPgz.UpdateSelection

* Processing on each point.
L
For Each nbRow In 0 .,
(fTabPtz.GetSelection.Count - 1)
nbRecordPtz = tblPtz.ConvertRowlToRecord (nbRow)
ptzControl = fTabPtz.ReturnValue(fldShapePtz,
nbRecordPtz) ' get current control point
P e e e e e A G S Y S Y e
' Search the closest peint in the polygon
' to current control point.
nbCount = 0 ' count for initialization
For Each nbRecordPqgz In fTabPgz.GetSelection
pgzOrebody =
fTabPgz.ReturnvValue(fldShapebPgz,
nbRecordPgz)
listsPart = pgzOrebody.AsList

* Loop for each part.
For Each nbPart In 0 ..
[listsPart.Count - 1)
If (nbPart = Q) Then
nbIndexPart = nbPart
End
listPointZ = listaPart.Get (nbPart)
listPointZ.Remove(listPointz.Count ~ 1)

' Loop for each point.
'
FOR EACH nbPoint IN O ..
{listPointZ.Count - 1)
ptzOrebody = listPointZ.Get (nbPoint)
If {(nbCount = 0) Then ' initialize
nbClosest =
ptzControl.Distance(ptzOrebody]
nbIndexPoint = nbPoint
nblndexPart = nbbPart
nbIndexRecord = nbRecordPgz
Else
nbDistance =
ptzControl.Distance{ptzOrebody}
IF {nbClosest > nbDistance) THEN
nbClosest = nbDistance
nbIndexPoint = nbPolnt
nbIndexPart = nbPart
nbIndexRecord = nbRecordPgz
End ' if closest
End ' if initial
nbCount = nbCount + 1
End ' for nbPoint



End ' for nbPart
End ' for nbRecordPgz
listIndexPoint .Add (nbIndexPoint)
End
listsCP.Add(1istIndexPoint)
ListsRnP.Add({nbIndexRecord, nblIndexPart})
End

' Make partition of the polygon according

' to the control points.

¥

listsSection = Liat.Make

For Each nbIndex In Q0 .. (listsCP.Count - 1)
listsPtz = List.Make

' Get the corresponding list of points
' in the polygon.
"
listRnP = listsRnP.Get {nbIndex)
nbRecord = 1istRnP.Get {0}
nbPart = listRnP.Get {1)
pqgzOrebody = fTabPgz.ReturnValue{fldShapePgz,
nbRecord) ' get the polygon shape
listPointZ = pgzOrebody.AslList.Get (nbPart)
listPointZ,Remove{listPointZ.Count - 1)
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' Get the list of corresponding indices
' of control points.
'
listCP = listaCP.Get (nblndex)
nbCP = 1istCP.Count ' number of control points
If {nbCP < 3) Then
MsgBox.Warning ("Number of control points must
be at least 3.", strTitle)
Continue
Else
listCP.Add(1iatCP.Get (0})
End

' Check the sampling order.

1

If (listCP.Get (0} < listCP.Get({l)) Then
booll = 1 Else booll = { End

If (listCP.Get{l) < listCP.Get{2)) Then
boolz = 1 Else bool2 = (§ End

If (listCP.Get{2) < 1listCP.Get{3)) Then
bool3 = 1 Else boclld = 0 End

' In case the sampling order is identical
* to the control points.
[ ]
If {(booll + bool2 + bool3) > 1) Then
FOR EACH 1 IN O ,. (nbCP - 1)
listPtz = List.Make

' when the first polnt of the polygon is in
' between the index,

If (listCP.Get (i) > listCP.Get{i + 1}} Then
For Each j In listCP.Get{i) ..
(listPointZ.Count - 1)

listPtz. .Add{listPointZ.Get(]))
End
For Each J In 0 .. listCP.Get{i + 1)
listPtz . Add{listPointZ.Get{]))
End
Else
For Each } In listCP.Get({l) ..
listCP.Get{i + 1)
listPtz.Add{1istPointZ.Get (J))
End
End
listsPtz.Add(1iatPtz)
End ' for

' In case the sampling order is opposite
' to the contrel points.
Else
For Each { In 0 .. (nbCP - 1)}
listPtz = List.Make

' When the first point of the polygon is in
' between the index.
'
If {listCP.Get (i} < listCP.Get(i + 1)) Then
For Each j In listCP.Get{i} .. O By -1
l1istPtz.Add{liatPointZ.Get (}))
End
For Each § In {listPointZ.Count - 1)
liatCP.Get{i + 1) By -1
listPtz . Add(listPointZ.Get (]j))
End
Else
For Each J In listCP.Get(l) ..
listCP.Get (1 + 1) By -1
listPtz.Add(listPoint2.Get (j}}
End
End
liatasPtz . Add(listPtz)
End ' for i
End ' 1f bool

' Run parametric interpolation for each section.
'
listsPtzResampled = List.Make
For Each listPtz In listsPt:z
listPtzResampled =
av.Run{*Modeler.Parametric®™, {listPtz,
nbPtsHor})
IF (listPtzResampled = NIL) THEN
MsgBox.Warning{“"Failed parametric
interpolation in horizontal dimension.”,
strTitle)
Continue
Elaelf {listPtzResampled.Count <> nbPtsHor)
Then
MagBox.Warning("Interpolation has not worked
correctly:™ + NL + NL + "Interpolated
samples =" ++
listPtzResampled.Count .AsString,
strTitle)
Continue
ELSE
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listsPtzResampled.Add(listPtzResampled)
End
End
listsSection.Add(listsPtzResampled)
End ' for nblndex

' Processing on vertical dimension.

|

listsPtzResampled = List.Make

For Each nbSection In 0 .. (nbCP ~ 1)
For Each nbPt In 1 .. (nbPtsHor - 1}

' Extract vertical section.

listPtz = List.Make

For Each listSection In listsSection
listPoint2 = listSection.Get {(nbSection)
ptzHorizontal = listPoint2.Get (nbPt)
listPtz.Add{ptzHorizontal)

End

' Run parametric interpolation.
'
listPtzRaesampled =
av.Run ("Modeler.Parametric®, {listPtz,
nbPtsVer})
If (listPtzResampled = Nil} Then
MsgBox.Warning{*Failed parametric
interpolation in vertical dimension on
index™ ++ nbPt.AsString, strTitle)
Cont.inue
Elself {listPtzResampled.Ccunt <> nbPtsVer)
Then
MsgBox.Warning ("Interpolation has not worked
correctly in vertical dimension on index®™
++ nbPt.AsString + NL + NL + "Interpolated
samples =" ++
listPtzResampled.Count .AsString, strTitle}
Continue
Else
listsPtzResampled.Add(1listPtzResampled)
End * if
End ' for nbPt
End ' for nbSection
listsGroup.Add{listasPtzResampled)
End

' Close the tables.

tblPgz.GetWin.Close
tblPtz.GetWin.Close

' Return the list of vertically resampled pocints
' and the list of their group ID.

¥

Return {listaGroup, listGrouplD]
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' End of script.

' MODELER.PARAMETRIC: Resamples polygon by 3-D
‘* Parametric Interpolation
'* «< Called by Modeler.Resampler

L e e e

Get input parameters.

|

l1istPoint2 = self.Get{0) ' list of given points
nbRapPts = self.Get (1)

strTitle = "Modeler.Parametric™ ' string for title

' Create a text file to write coordinates of given
' points.
'
fnWrite = "Given.txt".AsFileNanme
1fGiven = Linefile.Make{fnWrite, $#FILE PERM WRITE)
1f (1fGiven = NIL) Then
MsgBox.Warning("Creating®™ ++ fnWrite.AsString ++
"failed.”, strTitle)
Return NIL
End

' Write x, y, z coordinates of the given points to
' the line file,
'
If (listPointZ.Count < 2) Then
MagBox.Warning (®Too few number of points.™ + nl +
*Check the nodes of the polygons.™, strTitle)
Return NIL
Else
For Bach ptzIn In listPointl
1fGiven.WriteElt (ptzIn.GetX.AsString ++
ptzIn.GetY.AsString ++ ptzIn.GetZ2.AsString)
End
End
1fGiven.Close ' close the file
fnRead = "Resampled.txt™.AsFileName

' Perform resampling by parametric interpclation
' using cubic spline.
'
fnCMD = FileName.Get(CWD
FileName.SetSearchPaths{{fnCWD})
boolExist =
FileName.ExistsInPaths ("Parametric3iD.exe")
If (boclExist) Then
strCommand = "Parametric3D” ++ fnWrite.AsString ++
fnRead.AsString ++ listPointZ.Count.AsString ++
nbRspPts.AsString ++ "2F
System,ExecuteSynchronous (st rCommand)
Else
MsgBox.Error ("The external execution file,
**parametric3D™", does not exist in current
working directory.®” + nl + nl + "Current working
directory is:" ++ fnCWD.AsString.Proper,
strTitle}
Exit
End

' Open the resampled file to read.



l1fResampled = LineFile.Maka{fnRead, #FILE PERM_ READ)
' make a line file to read
If (1fResampled = NIL) Then
MsgBox.Warning {*Opening™ ++ fnRead.AsString ++
*"falled.”, strTitle)
Return NIL

' Read lines containing x, y, z coordinates of the
' resampled points,

)
listPointZ.Empty
For Each nblLine In 1 .. nbRspPts
strline = 1fResampled.ReadElt ' read a line

* Convert the line as a list.
L
If (strline = NIL) Then
Cont inue
Else
listResampled = strLine.AsTokens(32.AsChar)

End

' Get coordinates from the list.

nbX = listResampled.Get(0).AsNumber ' x ccordinate
nbY = listResampled.Get (l).AsNumber ' y coordinate
nbZz = listResampled.Get {(2).AsNumber ' z coordinate
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' Make a point using the coodinates.
'
ptzResampled = PointZ.Make (nbX, nbY, nbZ)
'‘MagBox.Info{ptzResampled.AsString, strTitle)
listPointZ.Add {ptzResampled)

End

l1fResampled.Close ' close the file

Return listPointZ ' return a list of resampled

points

' End of sacript.

D e O WY SN T AR

' MODELER.PATCHER: Patches resampled points with
' MultiPatch surfaces
' «< Called by Modeler.3D

' Gat arguments.

[ |

listaGroup = SELF.Get (0)

1istGrouplID = self.Get{l) ' a 1list of groups ID
nbSamples = self.Get{2) ' number of samplas
atrTitle ~ "Modeler.Patcher”

' Specify output shapefile.
L]
fnWorkDir = av.GetProject.GetWorkDir
fnDefault = fnWorkDir.MakeTmp ("Mcodel™, "shp™)
fnQutput = FileDialog.Put (fnDefault, "*.shp®,
strTitle + "~~Output Shapefile®}
If (fnOutput = NIL) THEN

Exit
END
fnOutput.SetExtension(“shp*)

' Create an appropriate FTab.
’
fTabModel = FTab,MakeNew(fnOutput, MultiPatch)
I1F {fTabModel = NIL} THEN
MsgBox.Error ({"Unable to create an output shape
file."™, strTitle)
RETURN NIL
End
fldShape = fTabModel.FindField("Shape®)

' Add an ID field.

fl1dID = Field.Make{"ID™, ¢FIELD DECIMAL, 3, 0)
fTabModel .AddFields{{£f1dID}}

* Rearrange the vertical sectlons to make horizontal
* sections.

For Each nbGroup In 0 .. (listsGroup.Count - 1)

' Get a group and its ID.
'
liatsSection = listsGroup.Get {nbGroup)
nblD = listGrouplD.Get (nbGroup)
listsHorizontal = List.Make
nb3ection = listsSection.Count
For Each nbPtz In ¢ .. (nbSamples - 1)
listSection = List . Make
For Each nblndex In 0 .. {nbSection - 1)
listVertical = listsSection.Get {(nbindex)
listSection.Add{listVertical.Get {nbPtz))
End
listsHorizontal . Add{liatSection)
End

' Do conversion.

- 45 -



mpModel = MultiPatch.MakeNull

' Get preceding and succeeding sections.

L

listPreceding = listasHorizontal.Get{i - 1)
listSucceeding = listsHorizontal.Get (i}

' Add the first point to the end to make
' a closed surface.

¥

listPreceding.Add{listPreceding.Get {0))
listSucceeding.Add{listSucceeding.Get (Q))

' g g g e e Ny Sy gy oy oty Y f R & % Kk R R K X § R 38 E & B B _§R_§N & K _E_

' Merge the two sections in interlaced order of
' points.

listPointZ = List.Make

FOR EACH § IN O .. nbSection
listPointZ.Add{liatPreceding.Get (}))
listPointZ.Add {(listSucceeding.Get (3))

End

'* Create a MultiPatch shape from the merged list
'* as triangle-strip.
|
mpModel .AddPart {1istPointi,
#PART TYPE TRIANGLESTRIP)

' Add the MultiPatch to the FTab.

nbRecord = fTabModel .AddRecord
fTabModel .SetValue (fldShape, nbRecord, mpModel)
fTabModel .SetValue (f1dID, nbRecord, nblD)

fTabModel . Flush
fTabModel.Refrash

Engd

L ¥ r ¥ r 5 ¥ N ¥ ¥ ¥ X B F ¥ F ¥ 3 _E K N 3 N 1L =B 3 L L _} _

Make a new theme to return.

thmModel = FTheme.Make {fTabModel)
RETURN thmModel

End of script.




ABSTRACT

A Study on Development of 3-D Visualization System
for Subsurface Information

Kim, Hyeongyu
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This study concerns the development of subsurface information system that
can analyze various subsurface information easily and promptly. The data types that
I posed to visualize are 3-D latticed array acquired by geophysical explorations and
linear array acquired from wells. Volume visualization techniques are applied to
visualize 3-D latticed data. The well-core data are digitized to a database and the
subsurface objects such as wells and orebodies are visualized three-dimensionally to
allow users to extract accurate and realistic information rapidly.

A visualization module to systematically analyze and manage three-dimensional

seismic data is developed. The visualization is performed by converting each sam-
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ple to vertical or horizontal polygon and assigning seismic information to 1its
attribute. The spatiality of the visualized slice or volume is controlled by dialog
boxes of sliders and buttons. What is more for the module is that it can visualize
a wireline log as a pipeline form with its log values allotted to a database table.
Another more is the picking ability for seismic horizons. The points picked in
guide of this module can be delivered to the modeling module developed here to
visualize a seismic event. _

A modeling software, that constructs 3-D shapes by interpolating 2-D
cross-sections, is developed. The software can extract a cross-section in any direc-
tion and inclination from the model, then update its form by adjusting the
cross-section iteratively. This software was applied to real data to model an
orebody. It is found that the most important point for high-quality modeling is the
setup of control points, which is influenced by experience and knowledge of the
user. The modeling software has additional tool that abstracts lithology on a certain
elevation from available core descriptions, which is valuable for verification of the
model. This function ascertained that there are some mismatches between the cores
and the model, which is caused by exclusion of informations from vertical and in-
clined wells when producing the input cross-sections.

The database system of geologic columns simplified the implementation of
storage, modification, and maintenance of the data, and 1t also enabled the real-time
retrieval for the voluminous amount of data, which was not possible by hand. The
seismic cube, well logs, and orebodies that are embodied as 3-D objects will pro-
vide spatially expanded information to help us reach a better decision in designing

ground/underground structures by giving higher reality than those in 2-D.
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