35

(®Ambarcadero
DEVELOPER CAMP




&) MarchineCulies GPU

(®mbarcadero
DEVELOPER CAMP



 FireMonkey
e OpenGL

8

8

8

8

© en.wikipedia.org/wiki/3D _modeling
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SFireMonkey

L The FM Component Framework

Animations
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Graphical Primitives T
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.FireMonkey

Windows Direct3D
macOS I0S, Android OpenGL

0 Project1 - RAD Studio XE7 - Unit1 -
T EBE BE = UIPhEA Joszip =T Ih—F Y-l ) LT Q |%‘7;rJLb LAFI v|| = Jol:
DS DR -8B 8B (% » -G -1 B GECC 2820 Windows | g ie@~-p-:Q

e % ﬂ'jl!bbﬁfi—ﬁ v % Projectldproj - JOSTHk IR —3v %

#E|** 2841 | £ windows vl Fa-: | 724 v l|a. @'n|t‘|
=] Form1

¥ LightMaterialSourcel SEE| =R | B S~
B-- ViporﬂD‘l Tt
;I:::Lcuba ':s ProjectGroup]

£ Projectl.exe
% PILFBAL (Debug)
= 5-Fyb Ty EIAa—L Win32)
|'§|_j Unit1.pas

Light1 TLight i

Projectl.dproj - F0%... | EF I Fa—| F—2THAFD-3|

T0)T4 | AT Y=L ALy rx
coor | T - R - —
Depth 1 Viewports ~
Enabled ] True [+ Shapes
Height 1 3D Scene
HitTest [ False DS
T hapes
LightType Directional
LiveBinding T|LiveBinding 747 3D Layers
Locked [] False S litiEts
MName Light1 @ TColorMaterialSource
Opacity 1 . TTextureMaterialSource
=l Position (TPosition3D) TLightMaterialSource
» X 5| 2

0




.FireMonkey

§ TControl3D

l
§ TShape3D

|
§ TCustomMesh

‘ TFmMxObject }—

TCamera

TRectangle3D

- Tlight 1 TCube
- TProxyObject — TPlane
|
TControl3D —_ TDummy —_— TModel3D - TDisk
m| TGrid3D — TMesh
— TShape3D TCustomMesh TSphere
- TStrokeCube TCylinder
—  TColorMaterialSource TRoundCube
TMaterialSource I TTextureMaterialSource TCone
- TLightMaterialSource TExtrudedShape3D

TEllipse3D

DEVELOPER CAMP

TText3D

TPath3D




.FireMonkey

§ TShape3D = class( TControl3D )
 property MaterialSource :TMaterialSource

§ TCustomMesh = class( TShape3D )
 property Data :TMeshData

8 TMeshData = class( TPersistent )
 property VertexBuffer :-TVertexBuffer

 property IndexBuffer :TIndexBuffer

DEVELOPER CAMP 1=



.FireMonkey

§ TVertexBuffer = class( TPersistent )
 property Length :Integer

 property Vertices|[ Alndex:Integer ] :-TPoint3D
 property Normals| Alndex:Integer ] :TPoiInt3D

 property TexCoordO[ Alndex:Integer ] :TPointF

DEVELOPER CAMP 16



.FireMonkey

8 TIndexBuffer = class( TPersistent )
e property Length Integer

X
° X
X

roperty Indices[ Alndex:Integer ] :Integer
N

Indices[ 3xN O ] =

Indices[ 3xN 1 ] =

Indices[ 3xN 2 ] =

[ ] [ ] [ ] .U [ ]

DEVELOPER CAMP 17



.FireMonkey

with Data do

begin
with VertexBuffer
begin
Length = 7{

Vertices [ 0 ] :
Normals [ O ] :
TexCoordO[ 0 ] :

Vertices [ 6 ] :
Normals [ 6 ] :
TexCoordO[ 6 ] :

end;
th IndexBuffer do
begin

wi

Length := 3{
Indices[ 3*0+0 ]

Indices[ 3*0+1 ] :
Indices[ 3*0+2 ] :
Indices[ 3*1+0 ] :
Indices[ 3*1+1 ] :
Indices[ 3*1+2 ] :
Indices[ 3*2+0 ] :
Indices[ 3*2+1 ] :
Indices[ 3*2+2 ] :

end;

end;

do

};

TPoint3D.Create( *, *, * ){
TPoint3D.Create( *, *, * ){
TPointF .Create( *, * )R

TPoint3D.Create( *, *, * );
TPoint3D.Create( *, *, * );
TPointF .Create( *, * );

/ P *3H };

{1 I T 1 R 1 I
NWARFRLUIOOERFR, O

DEVELOPER CAMP
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FireMonkey

§ Direct3D HLSL

Er= MWl EPRlia-F

github.com/LUXOPHIA github.com/LUXOPHIA github.com/LUXOPHIA
/MyModel /MyMaterial /MyAsset
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Geomet OpenGL commands or o enG L
gy | PRl Sound shaders written in GLSL

data data data (vertex, tesselation control, tessellation evaluation,
geometry, fragment and compute shaders)

Game engine

subroutine
calls

system calls

Windowing

library (SDL, Subroutines

GLFW, etc.) .

GNU

C Libra ry Subroutines DRM

Subroutines

library

§O0penGL

System Call Interface (SCI)

&0

S

Hardware N Display || Graphics S
~d:-1-1;:1) lcontroller RAM

(®mbarcadero
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OpenGL .OpenGL

penGL.

KHRCONOS

G ROUP
CONMNECTING SOFTWARE TO SILICON

S /
« GPU Graphics Processing Unit

§ Khronos Group
« www.Kkhronos.org

™" accpersp

8
« Windows, macOS, Android, 10S, Linux...

§ C-API

 Windows
« gl.h— Winapi.OpenGL.pas
« glext.h — Winapi .OpenGLext.pas

DEVELOPER CAMP




.OpenGL

| i@ OpenGL =: O > |

§ FMX VCL View  Shader  Program
§ OpenGL

github.com/LUXOPHIA
/0penGL

github.com/LUXOPHIA
/0penGL_VCL

A SR
r Ao k L
i I i r Y 5
.“-’:'n‘au-x'-. i ;: T 1\_\_
PIT el i o T T
SRR e
R AR e 2

e T T
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: .OpenGL

NI R30I 25— 0B85 - li5s - &< - B U8 —EX L B Yo bR

’h._] /4 Sp 5(2 7 HOME R tEE EFULTY—ER MRS SHEA

A

WEEHN3DTY L 4—

Wit “REFMESRE" TaFa2l]] V)X

I s

M BivEElr M 5HEoEYZRoF
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.OpenGL

Use - Imagers

Be the first to clip this slide 7 6 5 4 3

TGLProgra

.Verters

— uniform mat4 Mov;
in vec4 Pos;

in vec4 Col;o\

HO—I

Delphi Ti8i=&EOpenGL 2D/3DEE
~ B/ VCL D 2l =3 2 N T & AT RESR I ~
S A o

——

wlm

SRS UL =

e Sh eSS R R B \j '
L e ‘;:; g 4 uniform sampler2D Tex;
s &-;j* # E j 5 uniform mat4 Mov;
ntact@luxidea.net Rt @mbarcadero 6
S out vecd Fra;
7
_Framers Lol1R2 |34

Use .Unifors

112 34|56 7B ToLunifor
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© www.3d-meiler.de/tut3/SeiteO.html

© en.wikipedia.org/wiki/Bézier_surface
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UtahTeapot . .

8

github.com/LUXOPHIA
/UtahTeapot

Dwbiz | 4 ] -;
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= BHoELVER by CHARTM.

+~ e £ | «
|
[AEAEAAS S (L EREFEAS | T2 _ : . . . i
= __._: i i _ _._i _________ _________ ———————— :._
=

EE . LHEAZEAFE CHARTMAN

BERIEZHLTHED.

;) =314

i} ® 10z

m |

N 15 exp{ (0.12sinz—05)(y+016 sinr‘fz)

1+ exp(—20(5y +sint) )

. 1.5 exp(_ (0.12sint—05)(x—0.16 si.ur_i? ]

1 +exp(20(5x—sint) )

BFEHED P> TEEDMENE ?)

m et exp{—O.SxQ}
- 1—exp[100xj
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sinxcosy + sinycosz+sinzcosz = ()

§ fltx,y,z)=0

° Isosurface

§ © www.bathsheba.com

Step 6 Step7 Step 8
© Level-of-detail visualization

© en.wikipedia.org/wiki/Metaballs of clustered graph layouts
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x = rsinf cos ¢
y = rsin @ sin ¢

z=1rcosf
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© paulbourke.net/geometry/polygonise

{
SCreen space object space
® "-,.-"\\
® X -~ .*:a--.'w -
X *® g
§ X x
o T © Surface splatting
» x
. mapping x=miu)
® Splattlng i discrete output g(x)
“resampling kernel pgix)
L
Camera T 8 Light Source
{
© Taffany C. Inglis

Scene Object
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slope = /' (x,)—_

. . . Newton’s method for finding
an isolated real root £
1
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github.com/LUXOPHIA/ZImplicitRender

Real-Time Implicit Rendering @ Delphi



Minecraft

wn W LN LN

© voxelart.blogspot. jp/2014/04/qgue-es-voxel-y-el-voxel-art._.html © Super Mario Mash-Up Pack @ Mojang
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github.com/LUXOPHIA
/BlockBuin lder

wn

§ False

DEVELOPER CAMP




function P3odering( const P_:TPoint3D ) :8ingle;

var
§ BOOlean a2, Y2, £2, 8 Single;
begin
procedure TForml .MakeBlocks; K2 iz Sqri P_.¥ )
var Y2 1= Bagri P_.Y );
.. £ tlnteger; Z2 1= Bgr( P_.Z2 );
P :TPoint3D;
begin b= Ahsi Sgri 0 X2 - ¥2 ) /S 0 K2+ 42 ) ) - 0.5 );
vith FElocks do
begin Result = Sgr{ Sgqrt{ X2 + %2 ) -8 - & ) + Z2 - Sqr( 2 + 3 % & );
Beginllpdate; end;
for 7/ = 0 to Bricsé-1 do
begin
P.72 =24 % ( (7 + 0.5 ) / Brics? - 0.5 );
for ¥ = 0 to BricsY-1 do
begin
P.Y =24 % ( (Y + 0.5 ) /F BricsY - 0.5 7;
for ¥ = 0 to BricsX-1 do
begin
P.¥ = 24 % (¥ + 0.9 )/ Bricst - 0.5 J;
Brics[ ¥, ¥, Z ] := { Piodering{ P ) < 0 };
end;
end;
end;
EndlUpdate;
end;

end; DEVELOPER CAMP
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wn W LN LW

X-ray tube

-— Pixels

Detectors
© www.physicscentral .com/explore/action/scans.cfm © en.wikipedia.org/wiki/Volume_rendering
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§ 3D-DDA 3 Discontinuous Deformation Analysis
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github.com/LUXOPHIA/VolumeRender

Real-Time Volume Rendering @ Delphi
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© www.cs.carleton.edu/cs _comps/0405/shape/

github.com/LUXOPHIA
/MarchingCubes
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youtu.be/B xk71YopsA

256
15
N
]
X
S g/a
<>

A

© Marching Cubes Animation




v LUX.Marcubes.pas

/

initialization //FP3EEEEERPERPERPRR SRR ERRRRRRERERERER3RT3RF5355T #TEA 112

[

THIA=TABLE

[ 06, 04, 09 ]

[ 06, D04, 05 ]
I
g
g

S — O ul
o s s e Y e L

Lo o D O —
oy s sy s e Y e

= O] O Do L S LD
o s s s Y e s Y

00 0 00 = 0 00 L0 e — — — o O = 00 O O D O D D T LD
o e s s e s e s s s s s e e e e Y Y e e Y

| o OoOoOmm——— — OO O — U O U — — 0
—_———— O —— OO0 —

oo —

o

Lo R e el e Tl o I o R ol ol o e e o e M e e s Y W Rl
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github.com/LUXOPHIA/MarchingCubes




procedure TForml .MakeVoxels;

. var
§ S|ng|e he ¥y L tlnteger;
P :TFoint3D;
bezin
with MWarcubes do
begin
with Grids do
begin
for 7 = -1 to GridsZ do
begin
P.Z := 24 % ( 7 / BricsZ - 0.5 );
for ¥ = -1 to GridsY do
begin
P.Y = 24 % (Y / BricsY - 0.5 );
for & = -1 to Grids® do
begin

P.¥ = 24 % (% / Brics¥ - 0.5 7;

Grids[ %, ¥, Z ] := Pioderinzg( P J;

end;
end;
end;
end;

MakeWodel; /7 B U J FFI)-ER/K
end;



8 Bric

S Grid

1
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github.com/LUXOPHIA/MarchingCubes GPU
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§ GLSL
v LUX.GPU.OpenGL.Shaper .Preset.TMarcubes.Faces G.glsl

A I R R AR R sy [E ]

const TTrias TRIASTABLEL 256 ] = TTrias[ 256 ¢
TTriasf 0, ivec3[ 5 ]( iwec3i{ -1, -1, -1 ), ivec3( -1, -1, -1 }, iwec3{ -1, -1, -1 ), ivec3d{ -1, -1, -1 )}, iwvecd({ -1, -1, =1 J ) 1,
TTrias( 1, ivec3[ 5 ]( ivec3{ 0O, 4, 8 ), ivec3d( -1, -1, -1 ), iwecd( -1, -1, -1}, ivecd( -1, -1, -1 ), ivecd( -1, -1, -1 ) )},
TTrias( 1, ivec3[ 5 ] ivec3{ 0O, 8, B ), ivec3({ -1, -1, -1 ), iwec3( -1, -1, -1 ), iwecd( -1, -1, -1}, iwvecdi -1, -1, -1 ) ) ],
TTrias( 2, ivec3[ 5 ] ivec3{ 9, 4, 8 ), ivec3( 6, 4, 9 ), iwvec3( -1, -1, -1 ), iwvec3d( -1, -1, -1}, ivecdi -1, -1, =11 ) ],
TTriasi 1, ivec3[ 5 ]C iwec3( 1, 10, 4 ), ivecd3i -1, -1, -1 }, iwec3( -1, -1, -1 ), ivec3( -1, -1, -1 ), ivecdi -1, -1, -1 ) ) 1},
TTrias( 2, ivec3[ 5 ] ivec3{ 1, 8, 0 ), ivec3{ 10, 8, 1 ), iwecd3( -1, -1, -1 ), iwvecd{ -1, -1, -1}, ivecdi -1, -1, -1 ) ) ],
TTriasi 2, ivec3[ 5 ] ivec3{ 0O, &, B ), ivec3({ 4, 1, 10 ), iwecd3( -1, -1, -1 ), iwvecd{ -1, -1, -1 J, ivecdi -1, -1, =11 ) ],
TTrias( 3, ivecd[ 5 ]( iwec3( 1, 9, B ), ivecd{ 1, 10, 9 ), iwec3( 10, 8, 9 ), ivec3( -1, -1, -1 ), ivecdi -1, -1, -1 3 ) 1},
TTrias( 1, ivec3[ 5 ]( ivec3{ &, 11, 1 ), ivec3d( -1, -1, -1 ), iwecd( -1, -1, -1}, ivecd( -1, -1, -1 ), ivecd( -1, -1, -1 ) ) 1,
TTriasi 2, ivec3[ 5 ] ivec3{ &, 11, 1 ), ivec3({ 0O, 4, 8 ), iwvecd( -1, -1, -1 ), iwvecd( -1, -1, -1 J, ivecdi -1, -1, =11 ) ],
TTriasi 2, ivec3[ 5 ] iwec3( O, 11, 1 ), ivec3{ 9, 11, 0 ), iwec3( -1, -1, -1 ), ivec3( -1, -1, -1 ), ivecd3i -1, -1, -1 3 ) 1},
TTrias( 3, ivec3[ 5 ]¢ ivec3( 4, 11, 1 ), ivec3( 4, &, 11 ), iwecd( 8, 89, 11 ), ivecd( -1, -1, -1 ), ivecd( -1, -1, -1 ) ) 1,
TTrias( 2, ivecd3[ 5 ] ivec3{ &, 10, 4 ), ivec3{ 11, 10, B ), iwecd({ -1, -1, -1 ), iwvecd( -1, -1, -1 ), ivecdi -1, -1, -1 ) ) ],
TTrias{ 3, ivec3[ 5 ]¢ ivec3i{ &, &, 0 ), ivec3({ &, 11, & ), ivec3{ 11, 10, 8 ), ivec3di -1, -1, -1 ), iwvecd{ -1, -1, -1 ) 1 1},
TTriasi 3, ivec3[ 5 ]¢ ivec3( 0O, 10, 4 ), ivecd{ 0, 9, 10 j, ivec3{ 9, 11,10 ), ivec3( -1, -1, -1 ), ivecdi -1, -1, -1} )} J,
TTrias( 2, ivec3[ 5 ] ivec3{ 9, 11, & ), ivec3({ &, 11, 10 ), iwec3({ -1, -1, -1 ), iwecd( -1, -1, -1 ), iwvecdi -1, -1, -1 ) ) 1},
TTrias{ 1, ivec3[ 5 ]¢ iwvec3{ &, 5, 2 ), ivec3({ -1, -1, -1 J}, iwvec3{ -1, -1, -1 ), iwvec3d{ -1, -1, -1 ), ivec3({ -1, -1, -1 ) ) 1},
TTrias( 2, ivec3[ 5 ]( ivec3{ 0, &, 2 ), ivecd{ 4, 8, 0 ), iwecd( -1, -1, -1}, ivecd( -1, -1, -1 ), ivecd( -1, -1, -1 ) ) 1},
TTrias( 2, ivec3[ 5 ] ivec3{ 9, &, 0 ), ivec3({ 2, 8, &5 ), iwecd3({ -1, -1, -1 ), iwvecd( -1, -1, -1}, ivecdi -1, -1, -1 ) ) 1},
TTrias( 3, ivec3[ 5 ] ivec3{ 9, &5, 2 ), ivec3( 9, B, 5 ), iwec3( B, 4, 5 ), iwvec3( -1, -1, -1 ), ivec3di -1, -1, =11 ) ],
TTrias( 2, ivec3[ 5 ]( ivec3{ 4, 1,10 ), ivec3d{ &, 8, 2 ), iwecd( -1, -1, -1}, ivecd( -1, -1, -1 ), ivecd( -1, -1, -1 ) )},
TTrias( 3, ivec3[ 5 ] ivec3{ &, 1,10 ), ivec3({ &, 2, 1 ), iwec3( 2, 0, 1 ), iwvecdi -1, -1, -1}, ivecdi -1, -1, -1 ) ) 1},
TTrias( 3, ivec3[ 5 ] ivec3{ &, 0O, 9 ), ivec3({ 4, 1, 10 ), iwecd( 2, 8, 5 ), iwvecd( -1, -1, -1 J, ivecdi -1, -1, =11 ) ],
TTrias( 4, ivec3[ 5 ] iwec3( 1,10, 5 ), ivecd{ B, 1, & ), iwec3( 6, 5, 2 ), ivec3( B, 2, 9 ), ivecdi -1, -1, -1 ) ) ),
TTrias( 2, ivec3[ 5 ] ivec3{ &, 11, 1 ), ivec3({ 2, 8, & ), iwec3( -1, -1, -1 ), iwvecd3{ -1, -1, -1}, iwec3di -1, -1, -1 ) ) ],
TTrias( 3, ivecd3[ 5 ] ivec3{ 0O, &, 2 ), ivec3({ 0O, 4, &5 ), iwecd({ 1, B, 11 ), ivecd{ -1, -1, -1 J, ivecdi -1, -1, -1) ) ],
TTrias( 3, ivec3[ 5 ]C iwec3( O, 11, 1 ), ivecd3{ 0, 9, 11 ), iwec3( 2, 8, 5 ), ivec3( -1, -1, -1 ), ivecd3i -1, -1, -1 ) ) 1},
TTrias( 4, ivecd[ 5 ]¢ ivec3( 2, 9, 11 ), ivec3( 2, 11, 4}, iwecd( 2, 4, &5 ), ivecd( 1, 4, 11 ), ivecd( -1, -1, -1 ) ) 1,
TTrias( 3, ivec3[ 5 ]0 ivec3i{ 10, &, 11 3, ivec3{ 10, 4, B ), iwec3({ 8, 5, 27, iwvec3( -1, -1, -1 1, ivec3r -1, -1, -1 1 31 1,
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= DICOMLoader

Mo. Grug  Elem
1 0002 0000
2 D02 0001

3 0002 0002
4 Do02 0003
5 0002 0010
6 oo02 0012
7 0008 0005
8 0008 0008
] 0008 0016
10 o008 0018
11 0008 0020

12 0003 0021
13 0008 0022
4 o003 0023
15 0008 0030
16 0003 0031
17 0008 0032
13 0003 0033
19 0008 0050
20 0003 006D
21 0008 0070
22 0003 0080
3 0008 0050
24 o003 1010
25 0008 1030

github.com/LUXOPHIA/DICOMLoader
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Size

Desc

File Meta Information Group Length
File Mata Information Yersion
Wedia Storage S0P Class UID
Wedia Storage 507 Instance UID
Transfer Syntax UID
Implemantation Class UID
Specific Character Set

Image Type

S0P Class UID

S0P Instance UID

Study Date

Series Date

Acguisition Date

Content Date

Study Time

Series Time

Aoguisition Time

Content Time

Accession Number

Wodal ity

Wanufacturer

Inztitution Name

Referring Physician' s Name
Station Name

Study Description

Digital Imaging and Communications in Medicine http

NEMA, Suit% 900
1300 North 17" Street

Rosslyn, VA 22209

Ph: (703) 475-9217
Jidicom.nema.org
dicom@medicalimaging.org

DICOM is managed by the Medical Imaging & Technolomy Alliance — a division of MERMA

The DICOM Standard

6 Registry of DICOM Data Elements

Note

For data elements that were present in ACR-NEMA 1.0 and 2.0 and that have been retired, the
specifications of Value Representation and Value Multiplicity provided are recormmendations for the
purpose of interpreting their values in objects created in accordance with earlier versions of this
standard. These recommendations are suggested as most appropriate for a particular data element;
however, there is no guarantee that historical objects will not violate some requirements or specified
VR and/or VIM.

Table 6-1. Registry of DICOM Data Elements

Tag Name Keyword VR (VM
(0008,0001) | Length to End LengthToEnd uL 1 |RET
(0008,0005) | Specific Character Set SpecificCharacterSet CS 1-n
(0008,0006) |lLanguage Code Sequence LanguageCodeSequence SQ 1
(0008,0008) |Image Type ImageType CS 2-n
(0008 0010) | Recognition Code RecognitionCode SH 1 |RET
(0008,0012) | Instance Creation Date InstanceCreationDate DA 1
(0008,0013) | Instance Creation Time InstanceCreationTime TM 1
(0008,0014) | Instance Creator UID InstanceCreatorUID Ul 1
(0008,0015) | Instance Coercion DateTime InstanceCoercionDateTime DT 1
(0008,0016) | SOP Class UID SOPClassUID ul 1
(0008,0018) | SOP Instance UID SOPInstanceUlD Ul 1
(0008,001A) | Related General SOP Class UID RelatedGeneralSOPClassUID Ul 1-n
(0008,001B) S;i[?mal Specialized SOP Class OriginalSpecializedSOPClassUID | Ul 1
(0008,0020) | Study Date StudyDate DA
onna on24y | Sernes Nate CSornecNata Na |




.DICOM.

github.com/LUXOPHIA/DICOMViewer




8§ The Stanford volume data archive
 graphics.stanford.edu/data/voldata

§ Visualization Group Data sets @ TU Wien
e wwW.cg.tuwien.ac.at/research/vis/datasets

§ Sample Data Sets @ IDAV

 graphics.cs.ucdavis.edu/~okreylos
/PhDStudies/Spring2000/ECS277

DEVELOPER CAMP 58



github.com/LUXOPHIAZ






© viscomp.alexandra.dk/?p=3836
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Voxelization

8

© An exact general remeshing scheme applied to physically conservative voxelization

DEVELOPER CAMP 7




Voxelization

© blogs.nvidia.com/blog/2014/09/19/maxwell-and-dx12-delivered © shikihuiku.wordpress.com/2012/08/02/gpu voxel
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Voxelization

§ PEF : Projected Edge Function




. Voxelization

§ SAT Separating Axis Theorem

CS P

dyq

e A

\//

ﬂ'-'ll

q 2
21

dy;

© Improvements of the Voxmap-PointShell Algorithm
- Fast Generation of Haptic Data-Structures

DEVELOPER CAMP




. Voxelization

&) Trivoxel

PEF : Projected Edge Function SAT : Separating Axis Thecrem

601 woxels 602 voxels

github.com/LUXOPHIA/TriVoxel
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Tetrahedralization

8

© sites.google.com/site/introduction2cgal/manyuaru/37-3d-triangulations

DEVELOPER CAMP




-'l_ > AT

Ay N
| At
TSN

TetraMan .Tetrahedralizatio

8



CGI2017 .tetraMan.Tetrahedralization
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Asian Digital Modeling Contest 2017 .TetraMan.Tetrahedralization
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