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Research combining deep learning-based models and physical simulations is making important advances in the medical field.
This extracts the necessary information from medical image data and enables fast and accurate prediction of deformation of

the skeleton and soft tissue based on physical laws. This study proposes a system that integrates Neural Radiance Fields (N
eRF), Position-Based Dynamics (PBD), and Parallel Resampling to generate 3D volume data, and deform and visualize them
in real-time. NeRF uses 2D images and camera coordinates to produce high-resolution 3D volume data, while PBD enables

real-time deformation and interaction through physics-based simulation. Parallel Resampling improves rendering efficiency by
dividing the volume into tetrahedral meshes and utilizing GPU parallel processing. This system renders the deformed volume
data using ray casting, leveraging GPU parallel processing for fast real-time visualization. Experimental results show that thi
s system can generate and deform 3D data without expensive equipment, demonstrating potential applications in engineering,

education, and medicine.
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Figure 1. Flow chart of our algorithm
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Algorithm 1 Ray Casting with Alpha Blending

Input: rayStartPosition, volumeData
Output: Accumulated Color in Image

if CalculateRayBoundary(rayStartPosition, volumeData) = 0
then

Calculate intersection points with AABB

Determine intersection points before and after transform
ation
else

if rayStartPosition is outside volume range then

retum

end if
end if

for each point from initial to final intersection point do
samplingPoint < sample along new ray
newColor, alpha < ExtractColorAlpha(samplingPoint)
accumulatedColor <
accumulatedColor + alpha x newColor x
(1 - accumulatedAlpha)
accumulatedAlpha < accumulatedAlpha + alpha X
(1 - accumulatedAlpha)
if accumulatedAlpha > 0.99 then
retum
end if
end for

StoreColorInlmage(image, accumulatedColor)

sk,

5. 49
E oo AMD Ryzen 9 3900X 12—Core

Processor 3800MHz CPU, 64GB w|®2]S 7}x]™, NVIDIA
Geforce RTX 3090 GPUZE Alg38lo] 3=t AT EQ

o
S

-193 -



o] F&-2 Visual Studio C++5 AFg3lolon, Hed <
#)&2 Instant—NGP(Instant Neural Graphics Primitives)[28]
= Fall 7HAStell AREE ShES o= 2500 - 3000 2%
(step)= Faygtc}.
Dimension Channel Size
Volume 256x256x256 4 256MB
Texture 512x512 3 768KB

Table 1. Memory usage

ARE3E WRE] AR Table 13 2o} AR €79
371= 29 N5FENF 7158, 512x512x5122] Ho]E
(2GB)Z A2 AT}, 256x256x256 dlo]E]ol] H]F| o]
B W Algho] of 43, A Algto] oF 26¥] ©f A8 %

ool mEe AHolA e HEIGe] W How
FA4 "} oo 512x512x512 =7]9] & dHloE & 4 agg
= ARgaHA Tk Volumeol= NeRFellA A€ 2 54

o] 4719 ME& 7R EF do|E7} AAEM, textured &=
5 dHolHE oA E—ﬂéﬂ:@} sk A AHE A sk
=oJ42 iPhone 14 Pro ARFEES] 7|1 Fhda}l o) 8]

olAg Abgdle] FElon], 18 20% FF Abge] AR
S TG el A Fdste] AAHQ wgo] GAel EH
HE== kit
5.1 NeRF ao]ag] 4% 3t 24

NeRF miolr Fes & dlolHE 7 949 dw
ARE AT o] W ghe 0FE Fade WUE 3}
74T},

(b)
Figure 2. (a) Unprocessed volume data of threshold, (b)

Processed volume data of threshold

Figure 2= Y7A%k(threshold) 2] %2 BF HolEE
Hlagk A3E YeRd) (a)d] 2d3E glstd 9@ e
Foo]l a2 xPE] HAA FA9 FAo] meluhH] =
otk BEE (b)9] A5 Fde]l Eyu= AE & 3

O H=

Figure 3> =& dHlolEe] dAZE 5, 20, 352 =5

(b)

Figure 3. (a) Image having a threshold value of 5, (b)
threshold value of 20, (c) threshold value of 35

w1 ww
sholdry. wAlg
Q(a) o Mwstge ), w7l

A e AF PR 28]

3% (09 ke xe @

Az
°Wkwlﬂﬂﬂ3
A3E el w3
%cﬁ%éhb%%§4ﬂﬂw

A7 At EA IHTA AR P
A, A A1 FAde] el=Ee] Qv

R

Figure 4. Additional experiments on image having a (a)
threshold value of 5, (b) threshold value of 20, (c) threshold

value of 35

Qe steoly e o
4sh o] W5k W3t o

2glel| ALEE dlolE ook 5
sk dlojgo] #83 A3}, Figure

O

4 WA o) wetrlE Se] 54 wloleo] 454 ¢
AwA Agd £ Aee sk, shehily Aol
= 2o ATEE o

al
chFe Gl AT 5 9
o}

ole} e AFE Bal, B ATl A& AsAgte] 20
JE UGS W, NeRFFF AU B ot 54
|k % e dew BuTL, ol 4E B9 A

=Zagh |

194 -



5.2 NeRF Hlo|Ele] A% 3t A3}

078 Tl ks 7M1= BE gh(5.1)9 arst a3

1
JE

3

& 4irsh

19 9% @&

P} o]

S

Figure 59l AA|

=
=

H= ol vl T asi

&8s

< A 2o AA AAd) v

grtst =

ki3

Figure 494 g<ldt} o]y

Figure 6. (a, c) stiffness 1.0, (b, d) stiffness 0.8

(b) Image after

i

5. (a) Image before alpha normalized.

Figure

alpha normalized

5.3 PBD A zk FZ 3}

Figure 7914 &¢

35 W =&

W

R

ghet. ol

1|

4%

AT 64X64X6

3

A

[}

SE

5 ©
A2

o). o]

~
o

A (a,

K

It}

(b)

(@

Figure 7. (a) Results image of wave,

(c) bubble

(b) twist,

A= =2 719 AlEE ol

93]

AlsH= =5 dolgd
=

(b)el

o]

~

7Hx] 5

Iy
R

el

&

]

)

o

o]
oS

il

&t
PBD(&¢2] 7]k

5.4 o

HE) el =

Aol Aok AlRtel] whef

ofp

S

Axtstel
T,

ERLEREE
3 917

I
E

do T

-195 -



2 A= NeRF$F PBD, ¥ gAEHS Ajste] A
° A 5 dlolEE A, ¥y 2 AZseE Al
&S AFsith NeRF&= o]kl % =
Jg o= ARgste] asd=E Akl Ei
p | 79k AlEEelAd 71
7+ My Liﬁﬁo 7VsakA et W™
EHs A2 AHA v ER £E8sta §Yd
& AAgH o] BF THAISHE S

NeRF+&= Ho|H 5 AF-E g5t =2 Al e
A A4 (inference)dkal, WA dlo]E(ground truth)<}
Hluske] RS Jd7te] &4 (loss)E HluLs] 3k (back
propagation) ® St Xeggt) v 2 Aol = A=
= A g oju| A& vlE WA 7] wiite] sk
o] AatE= AV Advh aHeE ETetal, E AT A
AZE WY e AA SEE Alwshe FH ] At

53], ¥ A9 Apade 2§ dolE oA =
F/]?ﬂﬁ% 83tk Aot o= AA| e do]
HE 7k 5 A s, =84 Al
Ho} kst AlE ol S 7hssHAl gkt E]O
Q1 NeRF #llt]® shHoA &2 & lzl 7]yt
ol& &3l HAAIF ¥Y

19 1
o r_E
Q‘ oo ©
Lo mlo (B M
)
oo
Prl_ﬂ
s

% b
Kl
it
2

r”—“

T

Fkl
rlr
)

—{o

9

ES Adshs Aolglen, 7HA1 8
= AdE 5 es B

B AT E vE dARA, B Ay T BEe
H A2E AAG] witel ol 24 wildE Hehs |l S
ol ARTE FF, AAPE BF dlojHdAA wol=E 53
Aoz AAstE Wolut, PBD & AXtelr A4 whs
AFsor wAsks WY & A7 5 sk

& 17 NeRF, PBD, W4 H&EHE Ads At
kel BF dloly A4, W8 % A4S AlLEE AEH
o2 gl o] Al*E*‘O e, g, o8 5 uIH
wobel A 28d ¢ e AAEE 7L glem, Aok
Rk 22 3k WA AlE dSelA AR 5 s A
o2 7y
w2
2 s WS w ke Al akAl Y

References
[1] M. Tonutti, G. Gras, and G. -Z. Yang, “A machine learnin

g approach for real-time modelling of tissue deformation in
image-guided neurosurgery,” Artificial intelligence in medici
ne, vol. 80, pp. 39-47, 2017.

[2] N. Lampen, D. Kim, X. Fang, X. Xu, T. Kuang, H. H. D
eng, J. C. Barber, J. Gateno, J. Xia and P. Yan “Deep lea
rning for biomechanical modeling of facial tissue deformati
on in orthognathic surgical planning,” International journal
of computer assisted radiology and surgery, vol. 17, no. 5,
pp. 945-952, 2022.

[3] H. J. Yoon, Y. J. Jeong, H. Kang, J. E. Jeong, and D.-Y.
Kang, “Medical image analysis using artificial intelligence,”
Progress in Medical Physics, vol. 30, no. 2, pp. 49-58, 20
19.

[4] Y. LeCun, Y. Bengio, and G. Hinton, “Deep learning,” Na
ture, vol. 521, no. 7553, pp. 436444, 2015.

[5] A. Nogales, A. J. Garcia-Tejedor, D. Monge, J. Vara, a
nd C. Anton, "A Survey of Deep Learning Models in
Medical Therapeutic Areas," Artificial Intelligence in Me
dicine. vol. 112, pp. 102020, 2021.

[6] B. Mildenhall, P. P. Srinivasan, M. Tancik, J. T. Barron,
R. Ramamoorthi, and R. Ng, “Nerf: Representing scenes as
neural radiance fields for view synthesis,” Communications
of the ACM, vol. 65, no. 1, pp. 99-106, 2021.

[7]1 J. T. Barron, B. Mildenhall, M. Tancik, P. Hedman, R. M
artin-Brualla, and P. P. Srinivasan, “Mip-nerf: A multiscale
representation for anti-aliasing neural radiance fields,” Proce
edings of the IEEE/CVF International Conference on Comp
uter Vision, pp. 58555864, 2021.

[8] C. Sun, M. Sun, and H.-T. Chen, “Direct voxel grid optim
ization: Super-fast convergence for radiance fields reconstru
ction,” Proceedings of the IEEE/CVF Conference on Comp
uter Vision and Pattern Recognition, pp. 5459-5469, 2022.

[9] A. Sodickson, P. F. Baeyens, K. P. Andriole, L. M. Preve
dello, R. D. Nawfel, R. Hanson, and R. Khorasani,
ent CT, cumulative radiation exposure, and associated radiat

“Recurr

ion-induced cancer risks from CT of adults,”
L. 251, no. 1, pp. 175-184, 20009.

[10] A. Corona-Figueroa, J. Frawley, S. Bond-Taylor, S. Betha
pudi, H. P. Shum, and C. G. Wilcocks, “Mednerf: Medical
neural radiance fields for reconstructing 3d-aware ct-projecti

Radiology, vo

ons from a single x-ray,” 2022 44" Annual International C
onference of the IEEE Engineering in Medicine & Biology
Society pp. 3843-3848, 2022.

[11] Y. Fang, L. Mei, C. Li, Y. Liu, W. Wang, Z. Cui, and
D. Shen, “Snaf: Sparse-view cbct reconstruction with neural
attenuation fields,” arXiv preprint arXiv:2211.17048, 2022.

[12] M. Miiller, B. Heidelberger, M. Hennix, and J. Ratcliff,

- 196 -



“Position based dynamics,” Journal of Visual Communicatio
n and Image Representation, vol. 18, no. 2, pp. 109-118, 2
007.

[13] M. Macklin, M. Miiller, N. Chentanez, and T.-Y. Kim,
“Unified particle physics for real-time applications,” ACM T
ransactions on Graphics (TOG), vol. 33, no. 4, pp. 1-12, 2
014.

[14] A. R. Aguilera, A. L. Salas, D. M. Perandrés, and M. A.
Otaduy, “A parallel resampling method for interactive defor
mation of volumetric models,” Computers & Graphics, vol.
53, pp. 147-155, 2015.

[15] F. M. Miranda, and W. Celes, “Volume rendering of unst
ructured hexahedral meshes,” The Visual Computer, vol. 28,
pp. 1005-1014, 2012.

[16] J. Gascon, J. M. Espadero, A. G. Perez, R. Torres, and
M. A. Otaduy, “Fast deformation of volume data using tetr
ahedral mesh rasterization,” Proceedings of the 12th ACM
SIGGRAPH/Eurographics Symposium on Computer Animatio
n, pp. 181-185, 2013.

[17] J. Nickolls, I. Buck, M. Garland, and K. Skadron, “Scala
ble parallel programming with cuda: Is cuda the parallel pr
ogramming model that application developers have been wa
iting for?,” Queue, vol. 6, no. 2, pp. 40-53, 2008.

[18] J. Seo, C. Park, S. Cho, and H. Kye, “GPU Parallelizatio
n Study of Position Based Dynamics for Medical Imaging,”
The Journal of Korea Institute of Next Generation Computi
ng, vol. 19, no. 3, pp. 1928, 2023.

[19] J. L. Schonberger and J. -M. Frahm, "Structure-from-M
otion Revisited," In Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition. pp.4104-41
13, 2016.

[20] M. Macklin, M. Miiller, and N. Chentanez, “XPBD: positi
on-based simulation of compliant constrained dynamics,” Pr
oceedings of the 9th International Conference on Motion in
Games, pp. 49-54, 2016.

[21] J. Bender, M. Miiller, and M. Macklin, “Position-based si
mulation methods in computer graphics,” Eurographics (tuto
rials), pp. 8, 2015.

[22] T. Kim and D. L. James, “Physics-based character skinnin
g using multi-domain subspace deformations,” Proceedings
of the 2011 ACM SIGGRAPH/Eurographics Symposium on
Computer Animation, pp. 63772, 2011.

[23] M. Kazhdan, "Reconstruction of solid models from oriente
d point sets," Third Eurographics Symposium on Geometry
Processing, pp. 73-es, 2005.

[24] M. Kazhdan, M. Bolitho, and H. Hoppe, "Poisson surface

reconstruction,”" Fourth Eurographics Symposium on Geomet

ry Processing, vol. 7, no. 4, 2006.

[25] D. P. Playne, and K. A. Hawick, "Data Parallel Three-Di
mensional Cahn-Hilliard Field Equation Simulation on GPU
s with CUDA," In Proceedings of PDPTA, vol. 9, pp. 104
-110, 2009.

[26] C. Park and H. Kye “Efficient Massive Computing for
Deformable Volume Data Using Revised Parallel Resam
pling,” Sensors, vol 22, no. 16, pp. 6276, 2022

[27] 1. Herrera, C. Buchart, I. Aguinaga, and D. Borro, “Study
of a ray casting technique for the visualization of
deformable volumes,” I[EEE Transactions on Visualization
and Computer Graphics, vol. 20, no. 11, pp. 15551565,
2014.

[28] T. Miiller, A. Evans, C. Schied, and A. Keller, “Instant n
eural graphics primitives with a multiresolution hash encodi
ng,” ACM Transactions on Graphics (TOG), vol. 41, no. 4,

pp. 1-15, 2022.

-197 -



(X XEAH)

A
+ 2019 3€~dA s n HFE T
6—_‘]—/\}_ 4

o 4 Hok . EF7A 3L Cuda, GPUHMEAH,
Qe , SRR, AN s
* https://orcid.org/0009-0005-8648—7386

A4A2A

+ 2021 3¢ ~ dA gty AFEH I
kAl 7H4

B Fof: 57143}, Cuda, Gpu HE A |
91304“?1\1 A7 7}"]§}

* https://orcid.org/0009—-0003—-1839-7878

u % of
£ 20219 38~ BTt e B
s} 314

o T4 Fok: 2F7MA 3}, Cuda ,Gpu HEAE
* https://orcid.org/0009—-0007-7921-1431

=
0219 39~3A] TS PFE T

o
>~
Rl
i)
2,
ol

B Fof: gpu EAY, EF7HA3
https://orcid.org/0009—-0007-0749-7725

A 35

¢+ 19999 29 Agdjgty [Aakyet gat

- 20054 89 Mgrhsti AFE T8 AL

+ 2007 92~ A st sty wg

o WA Fof: T GdA T, AAIZE 7FA g

* https://orcid.org/0000—0001-7951-3228

- 198 -



