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A OJEA A7 AHE REGSER] Eevhe AZE Aith

o]% INRe I sHgste = Az AlkE Convolutional
Occupancy Networks(Peng, S., 2020)+= HAZ3HEFC, fully connected) W EH
= 4l CNN(Convolutional Neural Network) Z7]Hte] QJIFHE E <5},
d8 dHolH9 AHA B4 A FXE SO v+ d=sF AAH
. 015 B8 wo]Z(noise)7t ZTH H F5(point cloud)oly AT

o2tk =39 Ay FAZAE AFAS o Qe 1A% FE2E Agtet
1}, o435 A|AE 7]1%94 A A1ZE B (view synthesis)7HA] = =26

i Mol WA 7}2@

o

o]
AA
[e)

lo J@L

H
fo=]
XA
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1. AAE A

3.2 A|l&H] £x
2 AFolA Aljtste AL’ FE2= IA Al 7HA] F8 dAR A

Initialization

coun
| ovmasnn |
I Parallel R pling
INGP g /\]-_g_xl- o ?_,‘_1-1 I
| [ oo ]
— Chainmail |
| Implicit Volume ‘ H l N alneR e
T :
Discretization i mnicn e o - ‘
. | | olzol HtgE YK }_ | Photorealistic %4} ‘
— | Explicit Volume |
Data "33 Data 1% Data 7FA] 2}

(18 3-1] A2H &%
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A WA dAE doly BHLem, o] dAlME 7

h
lo
Z.
o

v
>y
ko
e,
e
e

&5 dolHM(datase)s  ARESHAUW, A HIT FIFES 7INte=m
COLMAP(Schonberger, J. L., 2016)= o]-&sto] ohA|d G4 ks At
ot oA g5 I HEE d¥e= INGP7t st 43sto], A4 <l
TSN BelE AR A7 BAQ INRo] AAHTH4.1.24). o]F, X
A e gHEsty WY 2 TR aedor o & QR oY ®¥
< BAIA EF HlolH =z HeEt(4.1.34)

INGPe] INRZ 92 AHEEgto] ofte} Al Wee QJ=2lo® ARgSto,
A EA7 W Ako] wet E Ador BEHE=E HARHQ 134
7WAS7E Zhsstty. 12y INRe WAIA S8 HolHE Heksh= dA oA
7 AL Sshube] A4S Zh(r, g, b)RF AASHA Hoh o] A4 g2 flElow
AgE E4 AH 9ol tis 2 8H AHE ALtE Gd ZdaE on|gict
CHAl Z5fl, INRoOIA = 93] AHeF A W2 AARto R F9tsto] A4t
AL 4 Aoy, A &8 HelHddAE §A AR} digxH= A4
A Qe AT ARRSHA] et o]& Qs Al Wreke] ditt AEE WAisHA &

o Al °]&A(view—dependency)S AHASHA Ht.

olo] wef, & A|ARJA = NeRFQ AH oJ&EAS HESL

A geom Aol WAE wuitt S5E GAH A%
4 2 dolHg i AAYT W, CT dolest 22 ozg 25 4
olElt WEe] WF glo] T AH 2F dlolHE AFgo] Hsdtel, F7b
291 Ae) 74 glo] vk dlold WY BAR APt ol 4 dlold
2 BE B8 PN B AAde] 25 BEE SH- Az BAT i
2e ABold S FA| susy] dAgoltt

ook o
i
re
.y
rr
N
I
o
o
c
ol
iy

E

ol
ra
H
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2, dol8 7HAs BANAL WY HuSY /WS Agste] of
Fo] ul J BE dolHERY Mz A WAS P4, of
g Jtos WRE 2§ doleg ATAUTHPark, C. 2022). olF WP
X

& HlolHE EF M 7IHeR AZdstete] AP A AT

o

=

of I
oo
2

©

=

ll

FAA =28 dolgz Wgsta, o

s
1

—
s
T
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IV. A|2"] &

ol oA A2 Euu 7} wolmetel A A
dlole A4, dlold
H|gslo], A8 mE©

L rE
—Ll
el
HE,
i
e
ok
rE
o
e
o,
el
i

4.1 djolg A
4.1.1 78

dolel B4 dAE A4 = Sz v A BiA dAEs z7]¢)
©

(Initialization) @A 2, COLMAPZ o]8ste 7=tz &gst sdde=q
H ohld 94 g A4S, o2 INGPe) sh&AA dAA 47 £
d INRE FESP7I7HA 9] & ZeARdth INGP= 7|24 &3 7}

At 715e TR Ol SARH. 2 2 AL S24 Hyol
RrgE E=o] 7HAS e Eodsine T
ofef met, 2 Aoz INGPO| st 7lsths 3 §, 752 INR
o5& AlA®IS] A9 FIZ(Frame Loop) W 1=
5 et o] 7ae Fel, AR dEeR Aol WAE miutth INR
J

=
-
Aaste] Aze PAH 2E dolHE AT & b T2E A

ku
rzi
_0|L
2
2
>,
ofo
it
A
30,
ki

st P A& wlel @01 M RET PN
2}

o
1
o
f
>
o
o
rE
ot
i
=
_‘;‘L
_CL
P
o2
i
_\,'L
Ui
re
-
2
>,
)
>
_O|L

3
WAH BE dolHi 256x256x256 A7]9] SES A 7+ 2A
olxjo] dleEE INRY 28 2kl floatd BOE A K, g b} It

2 Agsd, 9 o)L BEUE(@E W@l Age ok

16,777,216 X 16B = 268,435,456B= °F 256MB2] A7|E 7IA|H, o]% H|o]
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B Y 3 o dloly MR DAlRAM Y dlolez E-8H.

4.1.2 Hlole z71%}

, 39S ZYS & FFmpeg(FFmpeg developers) @EAA EZIS
Ao zEdte] A%xE oS A

=
FFmpeges 1&H0=2 94 wde AT 4 Qlol, dizre

[¢]

1n2] ZH e

o5, COLMAPS ARgsle] 7t 4ol thgate slet == Aug +

=3 (Schonberger, J. L., 2016). COLMAPS
SEIM(Structure—from—Motion) ¥ MVSMulti-View—Stereo)& 7|HFo=2 3t
YEAQ) AR ARG AFHels £72, A58 olulolA Fujzte] =

Z BAHE FAste o AgEH. o] WP IA EA =
mZ&2t 7|stek(epipolar geometry)= &%t X7 ZHH#t 2= 34, 14l
bundle adjustment 7|¥H-& AFHERF FiHelt 2= A3} TAZ o]FolFy,
COLMAPZ o3t dAIE Az o® Agste] H4xtd F1tol|A o] 7t 9
2 &} Weks SR
tt2 o8 COLMAPO|A &€d 7iet T2 AHE NeRF RdofA &
Fohe FAo= "ldof gl o] COLMAPS &8 folHE JSON 3
Aow Hghste], ZF olm|Alof sigsh= it x|et Wk HEE ARt
o o] Y¥e] WAL INGP°1H Al&5H= Python iﬂ%E% ol T
INGP9] {19 HlolH& AHg-

3% 574 W3, o

dozH o
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Input Output

X, V7, 0, (e —_— r,gb,o

Index Data
V]

XYz — | —— r,g,b,a
V]

(2" 4-1] FAH 417 58 GAH EF HolE

INGPREH 44 ¢A4 25 doldg BA4 2F deolgz 53
7] g5t 71ze] wrEe [E 4-10904 AAEG WA, INGPe] 5] s
INRE GPU 2§ lzelo] Aeri(E 3), 92 A =tes)ol et Az uf

7t BAe) 34 94 B ARAAY A4 2 UE FE FLuniform)P
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(& 10). o] A= S =
Alef] tisff INR F23F $A 2] dito] I FPLrt €4X4°E o]4tste
=92 7} BAHo] vecd Fox A UG, g b BE o= 7H 4=
= A7) YAIA EF dloleoltt

Algorithm 1 : INGP9] ¢tA|2] E&9] oj4ts}l g

—_

Function get_rgba_on_grid(res, dir):
N «— res.x X res.y X res.z
GPUMemory<{vec4) rgba|N]
GPUMemory<float) pos|N x floats_per coord]
batch_size <— min (N, max_batch._size)
generate grid_samples <<< GRID, BLOCK >>> (ves,dir,pos)
For N in steps of batch_size Do

rgbsigma <— network_inference(pos)

O 0 I O w» B W N

rgbsigma < occupancy_filter(rgbsigma)

—
o

rgba <— convert_to_rgba(rgbsigma)

—_
—_

Return r»gba

[# 4-1] INGPO] &4A14 &2 olitel &zl

= ATl Atk A" Al oEA
4=1]1A AAE dielES &85t Al Wl
of thet A2

_]
WA4 2F dolgst g ¥ ANEE, 2 249 $1:9 WA mormal)

e @t (B

e muie sig Al
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25 doleg Bl A4S uge dopstt WAE Tefd 4 glnk 9
o oleldt WA 7 WAl g BA @A e, WA S 29 AR, 3
e Y W ARG Fol Be cite] aFHch ofo] uhe £ A
ML A WA Atk A2 BF doleE mu NS PAS A
Stk ol TAYE BF dolHz WE A A SE AN vgLe a7

Algorithm 2 @ AJH W7o w2 ol4ts} Fi=|H

1 Function get_view_volume(dir):

2 GPUMemory<{floatd) rgba = get_rgba_on_grid(ves, dir, depth)
3 If A4d g237F it Do

4 create_cuda_texture(rgba.data())

5 Else

6 update cuda_ texture(rgba.data())

(2 4-2] A WA mE olitel dizE

7] wiZel, ohsd
7 sshE Tl 2o AlAE A4 89EA okt mEbe INGPE
o

(£ 4-112 283}

ol
rol
AL
©
<]
oX,
=
o)
D
av] (
-
2
K
ic)
o
1o
fin
o
a
il



e EARY HAg

3, Aol MAEEZE INGP2] A

[¢

ul5
=

R=BR=V\

of @F&JH Hxo] CPU

S

=
—

4, 6), 7]

het.

5

=
=

At dlole] 7tAst Aol oz ARgHL) tlojE WY dA A=

o|A¥d GPU H=e|4dof

ks

o ¢ Hlo|HE 275

ole} Aol

3

2] = (

o8

ol

1

—

o]

Xé E‘E’

i A/dE CUDA €A%

O

=

[}

=

=

4-2]

L

B
Ll

4.2 Hlol#

4.2.1 7H8

ol

gl
o

ol

1]

°

o A AHEE Has

shARE A

et 5

o

dlole] A4 ZAlClA Add AAH

g, b, @)

A

)
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7

o] 64x64%x64 7|2 &

o tste] 1/42 %435

=
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golHE 7t x, vy, z

=
h=)

Hn

'?':J_

e ol A

9

Qo 1/42 Z4H

A
g 4

5

dold dE=7 tha A

1
=

Al

I d5d BF Ao,

o]

=
°©

ol
o0

2024).

Ade L 7]8E Al

AN 71E

S

gout, & A

8

+ 7ol

gl

GPUR EAf

olE

71=¥7F 7%

i

| HEo] we] FAF glo] ZHEZ GPUY A

A $1s

= O
wv=

Jlo

A

= A A

A

=
—

dolEl7l e, o] 28 dolg

g

golH=z7e A JH

]

L]
m_.o_.o

A efstaL

=
=

L float4d Jo=

A1

ettt Jeste] A EE

o
=

(@)

E5S 262,144X16B = 4,194,304B2 ¢ 4MBe] 7|5 7HIth
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£ NeRF A& Zdlo] el =
al

-+
NN
- 1
ol

o4,

I

oltt. It AL LB FolME A
SfoF Qtet. ol AMEE 2 ARtH oz FESE HMAE e 1" @
ol A goj=lojof, B4 2+ Al A4 #folE hAer siHstal Ao

[ L Vo

st & Qltt ol& E9of, CT dlojg& Zt
Unit)gte 8 992 B, dutdog —10009] &7]5 8 +1000 o4+

o W 227 AR A A9 A gD

=
whel, AFghido] gl o

ov Bk golil, o= AE I A" Ee BAo] AAste ©Y ¥
A71E oulett. o] A= or HerE ko] AobA HAo]l FHsH, 2
£ agto]l AA EAdo| ¢ EEYsHA mdHAT. INGPE 855 THgollA A4t
Fa 2oVl 98, AE7F A2 dolde o5 G, BEAYH Tt 9
A= =™ dAste aedor HEdS AT 2y 2 ALH
< °olAY AR ME HFe ddE FASHA ¥A, BAIA 2% HolH
2 o|tslste] ArgRttt. ofmf, B4 IF A ME b ATF dA5HA] ¢
o, Z2 9k e AASSHEEHE gt At Al o] BT 4 ot

oeta 2 AFolMs 48 BA 2 e AR, 14"E AE T A

HghE ogt2 CT HolE7 7l &4 A40= 42l b=

TS Bdste 2k ghe 7RG mebA olE Otz AR Be, A

z
2 1o
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tal, INGP=

S
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Hole

A7 et 2
3 e 724 AANA B el Aot Ajdos A

Hlo

CT dlolE A

SB2H, 71E

St
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A
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El

al

0.59] 7]
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0.1, &= 0.2, 122

so] 371k

235
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N|m

2]

o

il

—AlI L g HP-A]

Sh= SP

, GPU ¥ FxE 7ites
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AUk, oo} e AR E MY & AA 729 294 ddes FH
At S HAet dAVE H& FashA gttt

A2 Hsk= Gibsono] ASERt AJIH|D Fxof| A olu] AAE HvE 9l
ow, sig dFolM= 3D ALt e HgSHelastic relaxation) F T
AE x9st] Hgs Ashe +25 AskHH(Gibson, S., 1998). ofwf
e tek= 3D AldH Lol A-8H olFut AlAHlo]l fR(dle) HEiY o
HHEAo s ARHNL AeEo] Qlrh ole Mt 39| oz eAE Eol7]
AT & Hsl Mo r SiHT 4 glom, AEAQ] HYW o g 4
He FEA 2&ctke dEe vk ovh &g Fxe 9 AFE 7)He]
CPU &4E& AAR oll7] wiiel, GPU BE oA Iz #8517
= TEA Aol EARH

2 AFolME olE GPU ®E Fxof Adstes AFAste, u o
st HhEo] FrE &, HEER A AdHd d4E dideR o ¥ ¢
HESE FAE= A2 S SAE AddH. ol= [& 4-3]3 Zo] +
AET, DHHA o2 dao] dish )1 ko] Adl 718 7IE A A
S HE= Sttt

Algorithm 3 : CPU Gl 2] T4 tAet darel&

1 For AdHY &5 =7] Do

2 rBlockldx Arr < blockldx

3  End For

4 yelax € GRID, BLOCK > (elements)
5

cudaDeviceSynchronize ()

[# 4-3] CPU FHA ] TA= st L2



92 pES 7I6te R Holdrt, o] A
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ol
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il 1 LEete] A= Ao

9

of o

44

4.3 djo[g 7IA3t

oltt. ®A, & A+l

glole] 714

A=

W

=

T

ma}ele] npx]

A2l ol

Parko] A

LSS
—

A
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aLr

t}(Park, C., 2022). o]=
B glo]ee] CUDA HlAA <} floje ¥y thA <
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o
—

i
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51 A9 &3

H AYE Intel i7-14700F CPU, 64GB RAM, NVIDIA GeForce RTX
4070 SUPER 2HellA wa=]qlet. A2 512x512x300 #2719 H& CT
glolElet Galaxy Z Flip 69] A=ZE shdgta oF 30% HG5 SIS o
g HlolHz ARSI Y IR EH 2T F Ao ouAE st
Z 60709 THAH Fdo = shsE SaRith F712 71 NeRF Hlo]HAL9]
o 9 Wy ATNE g9l5ty] 98 ParticleNeRF(Abou—Chakra. J., 2024)
9] Wheel do]e]AlF} synthetic NeRF scenes(Mildenhall. B., 2021)¢] Lego
HlolE Al ARESHTE 7+ dlolHAlS 24,000709F 100709 oAl g44e 7t
zih=g

5.2 olA1sHd dlolE ZhAst A

2 A7F Altohs AlAEe INGPR she dAd A7 ®dd INRES
A 25 HolHz Wdste dde AW INGPoME ohs Sl
(iteration)7} Rele] Syl maAHe] APl IFa vAw, o= 2
T FEE AA%e 78 8% T SHE AAZH. INGPE Foixl oA
A YE Ade 72 INRE 55, shgo] w5k ed 53

of wat, 2 dAF4E INGPR sh5%H INRE WAH EF dHolg=
WSkt &, O Fdo] AAR 5ol A9 Ao wEh ojH JIFe X
AZotazt gk olE $sf e 34§ 100, 250, 500, 12|31 1000L.=
ZAst, 7t gAollA AE GAAE BEEL 256X256X256 7|9 HAIH
EF tlol"2 Wgety, Hge At gda 9 g4 e 24 Aol H|
Wk},
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(d)

(©)

(b)

(@)

(1% 5-1] Wheel H|o]H]

(a) 100, (b) 250, (c) 500, (d) 1000

sl HAA =28 tolH=

=
=

(1" 5-1]

o] ohjz}, INGP7} WA= /3/10249

H =z
=]

fo) e
She5

7

]

o

Hole 2 o2

=5

3|
S

S 256%256%256 712 A
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INGP

Ours

® ' ©

(-1 =3 P tAA e gt
(a) 200, (b) 500, (c) 1000, (d) 2000

(2% 5-20% 7blet Bae Bo 44T oAd Y WS HET 2
S ehdt o] Z9 AGH 98 94 57t Wheel HoleslEe 2L 60
ol BASIRE, APNAL A A5E T 2 APste] vlmeke

A Q5 EAJAF 7|ute] Fhe At o =

SIef. ole] e, B ApelAi HAA 2

=
B=3
g AR olske Bk e 7R HAE A9 ‘%Egﬂﬂ] A2jste], A

AL
N

el gol et 3e)

=
Q19ie.

EG 2 AT AR o Aol WAE wut WAY 28
o8 th AAstel A4 24 E4e Ada (19 5-31e aaH
INRE %44 25 dolgz uast Haola Jass AH 924 54
o Balth AF oEAo] waE mae FoshA Hwsty] S8, 4 4
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(b)

384 %384 %384

256 X256 %7256

oy
B

i

o

INREHE FAH EF HolF

INGP+= ©]

getaet.
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E& S W AHeste ¢ GPU wme] ArgsFo] G435 F7istal, 7iA]
n]A(cache miss )t AT 7F 2L At 522 AA A7 {7t 25]8 A
St of Hel=l= AE 4(Batch Size)E Z4sto] GPU

Volume Size
128X 128X 128 | 256X256X256 | 384x384x384
16 7.03 41.37 123.68
17 6.70 35.63 113.03
18 6.92 35.29 114.36
Batch
Size 19 7.49 40.44 129.01
(2")
20 8.91 45.11 147.31
21 9.87 50.27 185.92
22 9.86 51.50 168.49
(£ 5-1]2 AMEEE= &5 dYlolH aidzel mat &Ad 414 288 9
AF 2% doldz W d7bA Fels A4S medglE ekt ol
A WAS 1008] #gst¥-s o e Hd AHE Yerdnh A At
wh2R, A2 9% 272 PSS u, 4 we A Asg wel. o



Boh 2 99E 248 dme q92e zvsit A4 22E Hasso
2 AHgste] A7 Swrk o8l Astelt maol AT, WY o Fe
S A Aeare] REste] GPUY A4t fulo] FE8 BEHA ok

2A7}L 2R,

53 A8R Qo] W2 AANY WY 2

10 o e

T
=

>

o o
0% o
1o
i

<
i
i)
i
HT
r ]
v
Y
>,
rid
i
i)
i
offt
:%
o
=2
>,
rlr
>,
op
B
N
N
n

(a) (b)
(@) oherm AdE WF 917, (b) oke W, () A% W

INGPE Sdll o554 INRe Hgste] 4" FAA 2§ dHolHE o4
o8 AW <k
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[® 5-2] &A= HAet &A ¥ 23 vlu

No Post # of Post Relaxations

Relaxation

5 10 25 50

20 0.0023 0.0012 | 0.0009 | 0.0007 | 0.0005
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ABSTRACT

NeRF-based Deformable Object Visualization
System for Real—time Physical Simulation

Ku, Hyunwoo
Major in Computer Engineering
Dept. of Computer Engineering

The Graduate School

Hansung University

Realistic and precise deformation simulation is essential in medical
training and surgical planning. While conventional CT-based systems
effectively represent internal anatomical structures quantitatively, they
often lack photorealism in visualizing surface details. To overcome this
limitation, we propose a unified, volume—based framework that
reconstructs volumetric data from multi-view video captures using Neural
Radiance Fields (NeRF), simulates physical deformations, and visualizes
the results in high resolution.

Our approach leverages Instant Neural Graphics Primitives (INGP)

to rapidly learn an implicit neural representation from raw videos, which
is then converted into an explicit volumetric grid suitable for physical
simulation. The deformation process is driven by a GPU-parallelized
chainmail algorithm, enhanced with a novel stiffness constraint derived
from the density values obtained via INGP. This allows for physically

plausible deformation using only a single parameter. Additionally, we
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introduce a post—processing relaxation stage to improve convergence and
realism of the results. The final deformed volume is reconstructed through
parallel resampling, enabling real-time rendering with high visual fidelity.
By integrating data acquisition, deformation, and visualization into a
single pipeline, our system ensures structural coherence and delivers a
visually  realistic  simulation environment for interactive medical

applications.

[Keyword) Medical Simulation, NeRF, 3D Chainmail Algorithm, Parallel
Resampling, GPU Parallel Computing, System
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