pRob

’LICIT AND PARAMETRIC FEMUR
RFACE RECONSTRUCTION

‘0 Daniel Dinis Teodoro

‘0 Miguel Santos Pires

) coordinator: José Sa da Costa
) co-coordinatoir: Jorge Martins




.
&

-

.
-

.

M

o
o
o

o

.

-

.
.
.

-

oy

s
.

o
2 -

o

- o
. e
e -

.
C

-
=

-
-

-
.

.

-

-
.
-
.

-
-
.
-

o =

SEmnene 3 i

-

...

% 8
it

-

- . . o
LR e

.

.

-

-

-

-

.
.
.

-
.

-
-
.

*

.
o

-
.
.

-
-

-

.
-
o
-
.

.
.
-

.
-
-
.
o
e
-

.

.
-
.
-
-
-
-
-
-
-
.
-
.
-
-

.

.
.
o
.
o
.
o
-

.

.
.
.
.

-
-
.

-
-
-

o
.

-
.
-
-
-
-

-

-

.
E
o

.

-
.
- -
... o
... -
o S
- -
... o
o S
o .
... ... e
-

...

-

o
o

-
o
-
-
-

-

e
.

-

..%.%..

-
-

-
.
-

-
.
.

.
.
-

-

-
-
-
-
-
-
-

.
-

-
-

o
o

.

-

o
.
-
-
-
.
-
o
-
-
-
-

.

-

-

.
-
-
-
-
-
-

.
-
.
.
-

.
.
.
-
.
-
.
e

9
)
o

.

.

.
-
B
.
.
.
.
.
.
.

.

-
o
.
-
o
-
-
-
.
-
-
.

.
-
.
-
-
-
i
.
-

.

.
=
.
-
.
-

=

.
-
-
-
-
-
o

-
.

.

-
-

.
.
-
.
-

o
.
o
o
o
-
-

-

-
-
.

- .
-

-
.
-
-
-

.
-
~*.

.
-

-
-

-

-

-

-

.
.
.

-
-
-

.

.
-

-

-

-

.

-

e
.

e

.
.

-
-

..

-

-

-

-

-

.

-
-

-
.

E
-

-

-
-
-

-

.
s

...

-

e
.

. -

-

.

-

.

.

.
.

.

-

.

. -
ot

- -
o

. .
. .
-

*
-

-
-
-

.

-

.

-

. . . .

- s
.

.

o
.
-

-
:

- o - - .

.
.

-
.

-
-
.
-
-

*.
s

.
.

= -
.

=

-
-
-
.

.

.

-
-

o o
- "
. . e
- . o - - |
o - .
- . . . |

-

.
.
-

-

-
.

.

.
-

f: e

-

-

-




From a CT scan, distinct points of a femur, scattered and n«
uniformly distributed are obtained

RBF+PU

Using radial basis functions plus a Gaussian based partitior
unity, the data Is implicit approximated.

MC+PP+PNT+

A triangular mesh, obtained through marching cubes, is spl|
two halves planar parameterizations. Applying the curved F
triangle method, these parameterizations are quadrilateral 1
meshed and interpolated with a bi-cubic TP-B-spline, obtair
therefore the parametric reconstruction of the femuir.



e Implicit representation

F(X,y,2) =0
 Parametric representation

(X, ¥,2) =(s,(u,v),s,(u,v),s,(u,v))




Radial Basis Function scattered data interpolation:

Solution:
‘A PY(A

P 0)lc,
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N
S() = > Ad([[x—x)+P(x)
1=1

A Istheweight of centrex
e ¢(r) =r°" isthebasis function
* P(x) Isalow-degree polynomial

| isthe Euclidean norm

Ai=dllx=x1), 1,]=1..,n
P.=p(x), i=1..n, j=1..



ler to obtain a distance field, where its iIsovalue defines the femur su

Irface ‘normals’ points are also assigned in the RBF (Carr et al, 2001
e pormal points *Positive values

(outside)
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*Negative values
(inside)

surface points

emented algorithm: The scattered
IS subdivided In n overlapping

ns along a chosen w direction. In
region, the belonging data is fitted by

F. The final surface Is reconstructed

Imming the RBFs weighted by

bership degrees (top).




applying the marching cubes
>hnique to the implicit surface, a
angular mesh defining the femur is
tained.

reafter, the mesh is split in two
Ifs, where in each one a planar disk
rameterization Is performed.

/er each planar parameterization, an
timized quadrilateral grid of m x n
ots Is set.
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diPeInENermaltianglesH\VIachos
20010 mMAapPPING:

5 methodology the local surface
ture in each mesh face Is taking
onsideration by recurring to the
ation of the normals at each

e of the face.

t P belonging to the curved PN
le face Is given by the triangular
I cubic patch:

I .
= E, By - 3 wulv®, w=1-u-v
= 11 ]1k!

Planar disk parameterization (close 1
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. . . . #surface #RBF
[erms e implicitreconstruction; the maximum: enre poits | cemers | e
lowed s Orinm. T S g;?
Aamedc reconsiruction timer s anout =1 minute. s | 10 101

Identification Error Results (mm)

Femur
(Global)

Upper
Extremity

Body

Validation Error Results (mm)
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