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Abstract

In this study, we modified CT images of femoral head in consideration of anatomically meaningful structure, proposing the method
to augment the training data of convolution Neural network for segmentation of femur mesh model. First, the femur mesh model is
obtained from the CT image. Then divide the mesh model into meaningful parts by using cluster analysis on geometric characteristic
of mesh surface. Finally, transform the segments by using an appropriate mesh deformation algorithm, then create new CT images by
warping CT images accordingly. Deep learning models using the data enhancement methods of this study show better image division
performance compared to data augmentation methods which have been commonly used, such as geometric conversion or color
conversion.
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Figure 1: Overall process
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Figure 2: The results of curvedness (left column) and shape index (right
column) calculated according to femur mesh model respectively. The
results before filtering (upper row). Filtered by meanshift algorithm
(lower row).
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Figure 3: Mesh models of femur separated by specific pans.The result
of the cluster analysis of smooth femur (upper row). The result of the
clustering of femur with uneven surface (lower row).
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Figure 4: Original femur mesh model (left column), and modified mesh
model using laplacian deformation on the outward surface (right
column).
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Figure 5: Original mesh model (upper left) deformed mesh model (upper
right), Original CT image (lower left) CT image whose voxels are moved
using interpolated vectors (lower right).
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Table 1: Segmentation experiment

CTno. | Proposed (IoU) Arbitrary (IoU)
1 0.98 0.96
2 0.98 0.98
3 0.97 0.92

(©

Figure 6: Comparison between the result in segmentation of the CT images of
femoral head. Translating the binary label of the deep learning model to a 3D
triangle mesh by marching cubes algorithm. Segmentation results of arbitrary
augmentation method(a), proposed augmentation method(b) in turn. (c) is
original mesh.

ér}{*
i
o <
.
i

T of
0¥
Lo
4
A
ik
—Hz
o
i
§L_"
—Hz
o
o~
o
u
A=)

| in)
o
Bl o 9 o

U R L

o
ok
rir
oL
i)
o
N
‘
_|_l‘
32
u}
N,
I
1o
Z
i)
2
s
k)

o

ox

filo

T
o
X,

rlr

o
X,

=

b
s

N
N

>

o

of

>

>,

= 4o

[0
O

XN
52
o r‘lo
L et
2 o
=2
So

(

18 Mo

)

0 _][){r
o,
i)
)
=

]_

[0 m% rlo 1 of
f og o 4o
oo oly Hir
o ?4{11

w2 o
o,

oL T N

2

X o5e M oot ox ofN 3o rim

0%
o
of
oy
=2
off,
é .
aQ
(¢}
g
g.
®© o
o
-9

r
EoS (oo oy

g
o

(o]

kY

t

[

in)

-

1,

olX

o

>,

=
T’
A,

lu
N
ot
N
tT
o

S EEAE OE

o oo >
¥ o2 9
1o o to mu X

o
i%x

e 5, ThdR
A ul3}(generalization) AES =Y
npA Ere 2, 4 ol A Tl = 2 w4 &

g o A AN 74 e

ok
Z
i
o
o
» &
Mg
30
(o
S
(o]
—=

{o 1
e
i
.éjﬂ:

Mo
J.‘:Lrulnrli
e
p
M oX X
oot B

in
i
_}1_1
44
ay)
o
[o
fru
it
i)
2
v
rlr
Mo
>
N
%0,
v

Lo

N
o,
o

I
o,
kol
o
o~
[o
it
ol
4
30
rlr
o
i)
tlo
b
o
i
Y
-
v

o] 43t 2018 WE R (@B ERREAR) ] Aoz
39" A7UNo. NRF-
2018R1A2B6002909).

References

[1] C. Rich, S. Lawrence, and C. -L. Giles, "Overfitting in neural nets:
Backpropagation, conjugate gradient, and early stopping", Advances in
neural information processing systems, 2001.

[2]1 0. Cigek, et al, "3D U-Net: learning dense volumetric segmentation
from sparse annotation", International conference on medical image
computing and computer-assisted intervention. Springer, Cham, 2016.
[3] P. -F. Christ, et al, "Automatic liver and lesion segmentation in CT
using cascaded fully convolutional neural networks and 3D conditional
random fields", International Conference on Medical Image
Computing and Computer-Assisted Intervention. Springer, Cham,2016.
[4]1J.-Y. Zhu, et al, "Unpaired image-to-image translation using cycle-
consistent adversarial networks", IEEE Transactions on computer
vision, 2017.

[51 S. -C. Wong, et al, "Understanding data augmentation for

classification: when to warp?", IEEE Transactions on digital image

-129 -



computing: techniques and applications (DICTA), 2016.

[6] W. -E. Lorensen, and H. -E. Cline, "Marching cubes: A high
resolution 3D surface construction algorithm", ACM siggraph
computer graphics. Vol. 21. No. 4, 1987.

[7] P. Yves, et al, "Interactive graph-cut segmentation for fast creation
of finite element models from clinical ct data for hip fracture
prediction”, Computer methods in biomechanics and biomedical
engineering 19.16, pp. 1693-1703, 2016.

[8] L.Wang, K. He, and Z. Chen, “Statistical Analyses of Femur
Parameters for Designing Anatomical Plates,” Computational and
Mathematical Methods in Medicine, pp. 12, 2016.

[91Y. -J. Lee, “Mesh Scissoring: Contour-Based Mesh Segmentation.
PhD dissertation”, Postech, 2005.

[10]J. J-. Koenderink, and A. -J. Doorn, “Surface shape and curvature
scales”, Image and Vision Computing 10, pp. 557-565, 1992.

[11]D. Comaniciu, and P. Meer, "Mean shift: A robust approach toward
feature space analysis", IEEE Transactions on Pattern Analysis &
Machine Intelligence 5, pp. 603-619, 2002.

[12] M. Garland, A Willmott, and P. Heckbert, “Hierarchical face
clustering on polygonal surfaces”, ACM Symposium on Interactive 3D
Graphics 2001, pp. 49-58, 2001.

[13] S. Wold, K. Esbensen, and P. Geladi, "Principal component
analysis", Chemometrics and intelligent laboratory systems 2.1-3, pp.
37-52, 1987.

[14] T. -W. Sederberg, and, S. -R. Parry, “Free-form deformation of
solid geometric models”, Annual conference on Computer graphics
and interactive techniques 13th (SIGGRAPH '86), 1986.

[15] O. Sorkine, et al, “Laplacian surface editing”, Eurographics/ACM
SIGGRAPH symposium on Geometry processing 2004 (SGP '04), pp.
175-184, 2004.

[16] S. Lee, G. Wolberg, and S. -Y. Shin, “Scattered data interpolation
with multilevel B- splines”, IEEE Transactions on Visualization and
Computer Graphics, vol. 3, no. 3, pp. 228-244, 1997.

[17] M. Kistler, et al, "The virtual skeleton database: an open access

repository for biomedical research and collaboration", medical Internet

research, e. 245, 2013.

[18] K. Zuiderveld. "Contrast limited adaptive histogram

equalization", Graphics gems IV. Academic Press Professional, 1994.
[19] P. Jaccard, "Ftude comparative de la distribution florale dans une
portion des Alpes et des Jura", Bull Soc Vaudoise Sci Nat 37, pp. 547-

579, 1901.

[20] Ronneberger, Olaf, Philipp Fischer, and Thomas Brox. "U-net:

Convolutional networks for biomedical image

segmentation." International Conference on Medical image computing

and computer-assisted intervention. Springer, Cham, 2015.

- 130 -



(X XE2H)

3 A

*+ 20159 ~ AA| o}F et vjt]o] gy} A8t

o P Fok AFE T A w4 LA,
GPU 714

« https://orcid.org/0000—0002-9222-3273

A%

+ 20154 ~ @A) o}t wrjo] g3} A5t

o IAFoF AFH I A, A Z2AA,
GPU 7}

* https://orcid.org/0000—0002-7202-4285

AFd

+ 2016 ~ A o} gha v]t] o3} A8}

o ATk AFH YIS, WA ZE2AA,
GPU 7}4

s https://orcid.org/0000-0002-6256—0359

Ad S

19934, 19959 ek oo 8t A Akt o}
Z< (B}, A AL

+ 2001 Purdue University Dept. of Computer
Science £ (YA

+ 20019 ~2002%  Purdue University W
A2

+ 2002\~ A of st n|tjefsta} w4

+ 2008 ~2009% Purdue University % 2

« ook V) Y V)8 daElS, GPU
=

+ https://orcid.org/0000—0003 3037 4292

ol & #

+ 2005 ¥-F st u HFE 38y gl

+ 2006~2007 University of Michigan BA} 3
AT

+ 2007~2008 A& olgti BK21 A7

* 2008~2012 o}Ftf 8t m|t]ol gt w

* 2013~2017 o}ulgta v|t]of gt}

« 2017~&A) ofF gt n|tjofsty} w4

o ok HFEH 1Y A A A g,
W4 ZEA, 1 54

* https://orcid.org/0000—0002—-5627-8314

-131-



