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® We will analyze the structure of a 3D model of
a human placenta, in order to extract the
network of placental blood vessels that
protrude above the placental surface.

® We will reconstruct this network in 3D, to
allow for blood-flow volume analysis.




Placental 3D-image crea@eBy STL File
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CREATING VESSEL NETWORK

3D Mesh created Vessel Extraction
from STL



® The data we use Is from an STL file already
provided by researchers.

What 1s an STL file?

» STL (stereolithogrpahy) is a file format software
created to store information on 3D objects, and to
reproduce a physical 3D model.

= STL files describe only the surface geometry of a /

three dimensional object without any //

representation of color or texture. "—\
S\

» STL format specifies both ASCII and binary (more )
common) representations.

= STL file reproduces an object’s 3D geometry by
storing a set number of 3D triangulated surface, by
the unit normal and vertices of the triangles using a
3-dimensional Cartesian coordinate system




STL Example: Tetrahedron

SOLID TRI
FACET NORMAL 0.0 0.0 -1.0
OUTER LOOP
VERTEX -1.5-1.51.4
VERTEX 0.01.71.4
VERTEX 1.5-1.51.4

ENDLOOP
ENDFACET >
FACET NORMAL 0.0 0.88148 0.472221 o
OUTER LOOP
VERTEX -1.5-1.51.4
VERTEX 1.5-1.51.4
VERTEX 0.0 0.0 -1.4 -
ENDLOOP
ENDFACET
FACET NORMAL -0.876814 -0.411007 0.24954
OUTER LOOP
VERTEX 1.5 -1.5 1.4 .

VERTEX 0.01.71.4
VERTEX 0.00.0-1.4
ENDLOOP
ENDFACET
FACET NORMAL 0.876814 -0.411007 0.24954
OUTER LOOP
VERTEX 0.01.71.4
VERTEX -1.5-1.51.4
VERTEX 0.00.0-1.4
ENDLOOP
ENDFACET
ENDSOLID TRI




facet normal
outer loop
vertex
vertex
vertex
endloop
endfacet
facet normal
outer loop
vertex
vertex
NEELER
endloop
endfacet
facet normal
outer loop
vertex
vertex
vertex
endloop
endfacet

3.620636e-01

5.528387e+01
5.478359%9e+01
5.545042e+01

3.:112122e-01

5.482898e+01
5.545042e+01
5.47835%e+01

1.307343e=02

5.682782e+01

5.651205e+01
5.645091e+01

9.210081e-01 -1.437154e-01
1.902180e+01 -4.269304e+01
1.926661le+01 -4.238448e+01
1.91240%e+01 -4.16179%4e+01

9.455894e-01 -9.4950848e-02

1.935173e+01 -4.138762e+01
1.912409%e+01 -4.161794e+01
1.926661e+01 -4.238448e+01

9.973741e~01 =7.123253e-02
1.924272e+01 -4.126116e+01
1.912408e+01 -4.298034e+01
1.926258e+01 -4.105225e+01

199,970 triangles

Arbritary



@ Computational
Geometry Algorithm s
Library: A library ¥
that contains
algorithms for
computational
geometry.

@ Discover rid
triangulated s&@Paces
le. protruding b¥god
vessels in our
placental 3D model.
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Triangles in
arbritrary
order!




Triangles in
arbritrary
order!

Triangles
List

TRIANGLES LIST FROM STL DATA ‘
Normal = 12 bytes
Vertex 1 = 12 bytes
Vertex 2 = 12 bytes
Vertex 3 = 12 bytes X
Characters = 2 bytes
TOTAL = 50 bytes per triangle
X approx 200,000 triangles

Q—

199,970 triangles
with 3 coordinate
vertices (X, Y, 2)

of memory

~ 10 million bytes

=~ 10 MILLION BYTES




Triangles in 599,910
arbritrary vertices

order!

Triangles
List

199,970 triangles
with 3 coordinate
vertices (X, V, z)

~ 10 million bytes
of memory




Triangles in
arbritrary

599,910
vertig:es

order!

Triangles
List

199,970 triangles
with 3 coordinate
vertices (X, Y, 2)

~ 10 million bytes
of memory

~1.26
million
bytes

105,680
unique
vertices

Sort &
Remove
duplicate

Vertices

VERTEX LIST
~105,000 unique
vertices x 12 bytes
= 1.26 million bytes

<

[




~1.26

million
Trianglef \ 910 bytes
arbritrg ces 105,680
rder! —

unique
vertices

N
> FACET LIST
Normal = 12 bytes
3 Vertex Indices = 12 bytes
Total = 24 bytes per facet
> X approx 200,000 triangles
= 4.8 million bytes

/r@ an ~4.8
with rdin million
verti X, Y, Z) J bytes of
~ 10 lion bytes memory
of me\hory




~1.26
—> TRIANGLE LIST from mjllion
STL

105,684
m =10 MILLION BYTES Ygue
= 2S

VERTEX + FACET LIST
’ ‘e = 4.8 million + 1.26
STL Trian( A\ [ Reve \ million <

Data List Ly Sl lesric \
Vertices =~ 6.06 MILLION

BYTES
199,970 triangles ~4.8
with 3 coordinate million
vertices (X, v, 2) bytes of
~ 10 million bytes memory
of memory




~1.26
million

S ——

BENEFIT:
N

)

v' Reduces
Memory
Space

Triangles
List

199,970 triangles
with 3 coordinate
vertices (X, Y, 2)

of memory

~ 10 million bytey

bytes

105,680
unique
vertices

ort &

move Facet
'icate List

'CeS

BENEFIT:

v" Builds

_ Zag
Adjacency  \ijjion
S tes of
mory

Outputs all the
vertices

connected to a
specific vertex

Adjacency
List




~1.26 Outputs all the

million vertices
Triangles in 599,910 bytes connected to a
arbritrary vertices 105,680 specific vertex
order! [ unique

vertices

Sort &
Remove

Triangles
List

Adjacenc
duplicate . Y

Vertices

List

/

199,970 triar)gles ~ 4.8 Desired outcome:
with_ 3 coordinate million Vertices within 3'
vertices (x, ¥ 2) bytes of edges of original
~ 10 million bytes memory triangle vertices
of memory













THE"3-RING.NEIGHBORHOOD, V*}*

® = \ertex of interest
- = \/ertex normal




INVEX HULL

® = \ertex of interest
- = \ertex normal
= \V*
= \/**




IMAL BOUNDING BOX

® = \ertex of interest
- = \ertex normal
= \/*

i ]
\\'\ = E
- e’ --)-"-‘ . — \I /N /\



ZIER-CONTROL POINTS

P ® = \ertex of interest
— = Vertex normal

= \/**
B oy



X(u,v) =

Z Z b; JBZ(M)BZ(V)

(=) j=

b; j = Bézier Control Points,
1ie. the 9 vertices of
the Bézier control net

B (u)=()u'@-u)*
2! If 0<i<n
2\ _ fice-in




= the principal curvatures, i.e. the maximum & minimum curvature

lean curvature, ie. the average of the principle curves

L L 21 . _ 72" _a _ r ' '/w 0= A




anes normal
incipal vector

jatures

tangent
plane

= the principal curvatures, i.e. the maximum & minimum curvature

lean curvature, ie. the average of the principle curves
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