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Abstract of Doctor’s Thesis Academic Year 2001

Web3D Modeling Based on Medical Lattice Structure

In Computer Aided Surgery, 3D models are often reconstructed to visualize patient’s
affected parts spatially. 3D Reconstructions mean building up 3D shapes from a set
of CT/MRI images. This technique is used for surgical simulations, intuitive diagnosis,
medical treatments and so on. The most popular shape representation used in 3D recon-
structions are triangle meshes. Triangle meshes consist of planer triangles and therefore
are easy to implement. Utilizing this advantage, many stand-alone systems are built based
on triangle meshes.

Web3D is one of the most innovative topics in computer graphics. Taking advantage
of Web3D, surgical simulations among physically apart doctors or online bookkeeping
of 3D medical records can be realized. However, 3D models used in most of Web3D-
based medical systems are also based on the same triangle meshes as stand-alone systems.
Transferring triangle meshes requires quite a long time. In addition, reflecting character
lines and controlling the accuracy adaptively, which are indispensable for medical use, are
not supported. Effective shape representations for Web3D as well as for medical use are
strongly required.

We present Medical Lattice Structure, a new shape representation for Web3d and for
medicine. Because Medical Lattice Structure is based on free-form surfaces, the data
size is kept small. This advantage realizes fast transmission of 3D data on the Internet.
Moreover, intuitive free-form shape deformations using simple polygonal meshes are also
possible. Character line inputs and adaptive controls of shape accuracy are also supported
for advanced surgical simulations. We have developed web-based medical applications

using Medical Lattice Structure for evaluations.
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5.7: 3D

3D
5.7
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5.5 CT/MRI
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5.10: CT/MRI
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5.11:
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5.12: CT MRI
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5.13:
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WWW
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6.1

6.3

6.4

4.3

(jaw)
(skull)

(skin)
1(scapo-pre)
2(scapo-aft)

3(scapo-face)

2(scapo-aft)

(jaw)
(skull)

3

5.6 5.3

4
2(scapo-aft)

(skin)

1(scapo-pre)

3(scapo-face)

1(scapo-pre)
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3(scapo-face)
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3:

Data | Vorg | Forg | S1260rg(KB) | Vare. | Fass. | Sizeass (KB) | Time(sec.) | Error(%)
jaw 8980 | 17098 8590 | 1000 | 2036 93.1 40 0.175
8980 | 17098 8590 500 | 1024 47.1 45 0.264
skull | 20684 | 41399 14533 | 2000 | 2031 191.0 114 0.135
20684 | 41399 14533 | 1000 | 1031 96.9 128 0.234
skin | 13270 | 26547 9056 | 1000 | 2007 95.6 70 0.123
13270 | 26547 9056 500 | 1007 49.7 75 0.275
jawskull,skin 3 3
3 2 3
Data Vorg MO Forg MO
Size 4 (KB) M®  VRML
Vayt. M"
Fupe,  M® Sizeq 1. (KB) M"  VRML
Time(sec.)
Error(%) MO
M 2 2
(Mean Square Error) Cignoni  [9] IRI-CNR
Metro Tool
6.1 jaw
8980 17098
1000 500
6.2 skull
20684 41399
2000 1000
6.3 skin
13270 26547
1000 500
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6.1 6.2 6.3

3 2
QEM
3 3
1000 500 5
skull skin
3
(Sizeyry (KB)) (Size, 5. (KB))
Web3D
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(Time(sec.))

jaw
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6.2

6.4

6.7

6.8

Data Emax Emean Ems
jaw 0.2652 | 0.05197 | 0.06252
jaw 0.3209 | 0.06084 | 0.07412
6.5
4
6.6
jaw ()
QEM
4 6.7 2
(Emax) (Emean) 2
(Eps) 6.8
6.8
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scapo-pre)

1(

6.4:
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6.5: 2(scapo-aft)
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6.6: 3(scapo-face)
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6.3

3
Web3D
6.9
6.9
1 4 &
6.10 6.10
1 2 &
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6.9:
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6.10:
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6.4

FFD(Free Form Deformation, )[43]
FFD
FFD
1 1
6.11
6.11 6.11
6.11
3 CG [59]
FFD
FFD
2
4.1.2 Gl
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6.11:

6.12 6.13 6.12

6.13 5.3
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7.1

Web3D CAS

Web3D
2
CT/MRI
2 CT/MRI
3
3 3

3

Web3D
3
Web3D
3
CT/MRI 3
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3 Gregory

Gl

7.2

Web3D

3 FEM (Finite Element Method )

FEM
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© 00 N O Uk w N -

W NN NN NN NN NN R~ R, R, R, R, R, R, R
O W 0 N o O W N R, O W N U W N, O

A VRML97

#VRML V2.0 utfs
#itit#
PROTO XVL_EDGE [
field SFFloat round_val 0O
field SFVec3f round_str 0 0 O
field SFVec3f round_end 0 0 O
]
{ Text { string [ "weight of edge " 1 } }
#itit#
PROTO XVL_STATUS [
field SFString status "XVL_LATTICE"
]
{ Text { string [ "status of shape" ] } }
Group{
children [
#id#
Group {
children [
Shape {
geometry IndexedFaceSet {
#hbdHH ARG R R R R R R
#4
#hbdHH ARG R R R R R R
331},
#id#
Switch {
choice [
XVL_STATUS {
status "XVL_GREGORY"
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31: XVL_EDGE {

32: round_val 0.5
33: round_str 0 0 O
34: round_end 0 0 O
35: b
36: IndexedLineSet {
37: coordIndex [ 24 103 ]
38: b
39: ]
40: whichChoice -1
41: il
42: ¥
VRMLY97
VRML
XVL
XVL  Group Switch
2 Group
Switch Switch

whichChoice -1 XVL

XVL choice
XVL
XVL_STATUS status XVL_GREGORY

XVL_LATTICE

(round_val)
(round_str) (round_end) XVL_EDGE XVL_VERTEX
1
IndexedLineSet
Group 2

24 103
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B X3D(VRML2002)

<!ENTITY % XvlShellTypes " CS_POLYLN | CS_BEZIER
| SS_POLYGON | SS_LATTICE | SS_GREGORY " >

© 0 N O O s~ W N

W NN NN NN NN NN R, R, R, R, R, R, R, R, R
O W 0 N o O W N, O W N W N, O

<!ELEMENT Xv1Shell (XYZ, UV, Faces*, Edgesx*, Vertices*)>
<VATTLIST  Xv1Shell
Type ( %XvlShellTypes; ) #REQUIRED
DEF ID \#IMPLIED
USE IDREF \#IMPLIED
>
<!ELEMENT Faces (Material? , Texture? ,Face+) >
<!ELEMENT Edges (Material? , Edge+) >
<!ELEMENT Vertices (Material? , Vertex+) >
<'ELEMENT Face (Material? , Texture? %XvlGiTiFaceChild;) >
<V'ATTLIST Face
ix AMFInt32; #REQUIRED
tx SMFInt32; #IMPLIED
>
<!ELEMENT Edge (Material? }Xv1G1T1EdgeChild; ) >
<!ATTLIST Edge
ix AMFInt32; #REQUIRED
vec SMFInt32; #IMPLIED
WRnd %SFFloat; #IMPLIED
>
<!'ELEMENT Vertex (Material?) >
<VATTLIST Vertex
ix AMFInt32; #REQUIRED
VRnd ¥%SFFloat; #IMPLIED
>
<!'ELEMENT Texture (EMPTY) >
<VATTLIST Texture
url CDATA \#IMPLIED
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31: repeatS ¥SFBool; '"true"

32: repeatT ¥SFBool; '"true"
33: bin IDREF \#IMPLIED
34: DEF ID \#IMPLIED
35: USE IDREF \#IMPLIED
36: >

37: <!ELEMENT XYZ \#PCDATA >

38: <!ELEMENT uv \#PCDATA >

XML (eXtensible Markup Language)

DTD(Document Type Definition)

XML DTD
DTD
DTD Web3D X3D(eXtensible
3D, VRML2002) Web3D Consortium [51]
CAD/CAM
(XvIShell) (Faces)
(Edges) (Vertices) (Face) (Edge) (Vertex)
(XYZ) (UV)
(Texture) (Material)
(CS_POLYLN) (CS_BEZIER)
(SS_LATTICE) (SS-.GREGORY)
(SS.POLYGON) XvIShellTypes
(XvIShell)
(Type) ID(DEF) (USE) (Face)
(i) (tx)
(Edge) (ix)
(vec) (WRnd) (Vertex)
(ix) (VRnd) (Texture)
URL(url)

(repeatS,repeatT)
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C XVL Object Model

XVL Object Model Javascript  JScript ECMA Script
HTML SCRIPT
<HTML>
<HEAD>

<SCRIPT language='"Javascript">

</SCRIPT>
</HEAD>
<BODY>
<0BJECT width="450" height="450"
classid="CLSID:C0975880-11DF-11D5-8084-0040B4116A31" id="player'">
<PARAM name='"FileName" value='"anim.xv3">
<PARAM name='"Behavior" value='viewer">
<PARAM name="DivNum" value="4">
<PARAM name='"DrawBack" value='"off">

<0BJECT Id='"player" cl>

<0BJECT>
</BODY>
</HTML>
OBJECT width  height XVL Player
classid XVL Player ID
id XVL Player
player PARAM XVL
Player anim.xv3
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© 00 N O ook w N -

e e e =
g b~ W N = O

SCRIPT

camera

//

var cameral = player.model.getCurrentCamera();

/13
var vecl = player.createVec3();

//

var rotl = player.createRotation();

// 3 (O,O,‘loo)
vecl.setValue(0,0,-100);
// Y 180

rotl.setValue(0,1,0,3.141592);

//

cameral.setAttitude(vecl, rotl);

player
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1 // 3 G_1
2 var grpl = player.model.getGroup("G_1");
3
4 /1Y 180 (100,100,100)
5 grpl.moveTo(100, 100, 100);
6 grpl.rotate(0,1,0,3.1415);
4% 4
1 // 3 G_1
2 var grpl = player.model.getGroup("G_1");
3
4 I (100,100,100)
5 grpl.move (100, 100, 100);
6 grpl.scale(2,2,2);
move(x,y,z) moveTo(x,y,2)
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// M1
var matl = player.model.getMaterial("M1");

// 0.5

matl.transparency = 0.5;

// M1
var matl = player.model.getMaterial("M1");

// F2
var face2 = player.model.getFace("F2");

// F2 M1

face2.assignMaterial(matl);

XVL Object Model
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<0BJECT ID="XVLPlayer" ... >..... </0BJECT>
<SCRIPT FOR="XVLPlayer" EVENT="OnXvlKeyDown(keycode)" LANGUAGE="JavaScript'>

alert("Key " + keycode + " is down.");

</SCRIPT>
XVL
HTML
SCRIPT

3D
<OBJECT ID="player" ... >..... </0BJECT>
<SCRIPT FOR='"player" EVENT="OnXvlVertexPick(object, name)"
LANGUAGE="JavaScript">

if(object.id == "v_1") player.animStop();

</SCRIPT>

v_l

EVENT name

<OBJECT ID="player" ... >..... </0BJECT>

<SCRIPT FOR="player" EVENT="OnXvlLoad" LANGUAGE='"JavaScript'>
alert("XVL Player starts");
</SCRIPT>

XVL Player
HTML 1
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// XVL Player backl.jpg
player.backgroundImage = "backl.jpg";

// XVL Player

player.behavior = "walker";

// anim_1

player.animStart("anim_1");

XVL Player player
OBJECT ID

player
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OBJECT

player
player

PARAM
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