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[Abstract]

In this paper, we propose a new GPU-based framework for quickly calculating adaptive and
continuous SDF(Signed distance fields), and examine cases related to rendering/collision processing using
them. The quadtree constructed from the triangle mesh is transferred to the GPU memory, and the
Euclidean distance to the triangle is processed in parallel for each thread by using it to find the
shortest continuous distance without discontinuity in the adaptive grid space. In this process, it is shown
through experiments that the cut-off view of the adaptive distance field, the distance value inquiry at a
specific location, real-time raytracing, and collision handling can be performed quickly and efficiently.
Using the proposed method, the adaptive sign distance field can be calculated quickly in about 1
second even on a high polygon mesh, so it is a method that can be fully utilized not only for rigid
bodies but also for deformable bodies. It shows the stability of the algorithm through various

experimental results whether it can accurately sample and represent distance values in various models.

» Key words: Compute unified device architecture, Adaptive distance field, Data visualization,
Collision handling, Rendering
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I. Introduction
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[10,11] (Fig. 1 #=).

N Input distance WewamEiwg i
 Nearest & Reconstruction distance field
primitive search field
(faster)

[FPRI00], [LHOT], ...

Brute force, kd-tree,

ol

R
ol

=
B]go] go| Aa9r). Yy
she ORE A% Ak 2y 30|

(e}
itk oo wAle e =S wol=

b |-E )0

N

—_

=

2 1o
ol

=

T

oZ

e

m)_.t [o)viA
Ok

Pron

o o
2]

ol
==

oY 2

rg v
Pa)
rf
[ >
e

)
r.
Lo

A QAR Ateo] AR ek
WEYE o) B ol J1E WS B3 A

=]
FoMrt Agd 4 Qs ALYolAlRE 3D 2o w2t
A

NV

(a) Adaptive SDF : tree depth 8 (b) Regular grid : 512x512

Fig. 2. Comparison of distance field quality of adaptive
tree and regular grid : discontinuity problem[10].
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II. Preliminaries

1. Related work

A AB=ZsH= U2 E I A(Brute-force)d v
n7l9] AZE=0l tisiA E% 7131 W= S5t

P8 JIK|e g g

Ao|H, o7t F&stH Farg
2ol oM =  AFPR
kd-tree?] d5& UEAFHR

W AAEol 2 nH T__LKH 71317%*01] oigt o
gh 2Ast Ata2E AAISIHH14,15,16,17]. Z12{u o
WAl fe] EIIESH BAGN Be) ojl 49 2 8A
OJX] %or, sto]Ea]o] EH Aol @ Aok

Wu®t Kobbelt= 2244 t4follA FAKSHd sto]m g
H(Hyperplane)g BSP(Binary space partitioning)Ez]
Jlgto 2 Aejsli, ol B AH02 HejAke Tk
olJcH1g]. of WS Hele] AR 22 &L & YA
oh 11-33t(Eigenvalue)2 ALY wiZo] Bl&&4o]lct

CDF(Complete distance field)= AF2AX}Q] ZF v &
okl 71 FP7he mejolelu(e] : AZt)e] B Qe

A7gRH19]. o] Wi He| ZRIEIF GHof EXY
She wCof A7 mejulg|Hof tigh R A2 = 7l
iTh QusoR CDFE wre mejulelug ehajsiop
5171 mizoll He] dsol duider Lajot o] W
Z%E2|(Octree) ¥ Hl22] ¥]&-Z £0|X[TH20], &Th
o2 wog o e mejoenst wesh] ned o
g o g CDFYCH “act,

QEP 1AL sjutog AT Moxog ANl
RAIHEE 9ItH10,11]. £3], Lefebvre.?t Hoppes T
0151 o) aedS 7] sl FHE dlojg

25 M-S ARSI 11]. Frisken 59 2 AR E T
ARY 3712 & ARESHA| O 10], BZto] HQstug =2
5 oA fzo] WASHT (Fig. 2a £R).

B GPU 7N WSS Aekie Al A
ti{21.22,23). Zupsoz o] wAlo] tigt A% B2 A
A AIZEe AR} sgEel 1o we} o() 7} Hck. Yind
Liuvs Agxoz AsUe A2z PHsH GPU

719F W2 AT 10].

& 2o]] 1A} Y¥ksHFirst-order generation) 7|42 &
galol 42 sfelae] Astet At 2
& e S A= ITH25]. o=

T3t (Spatial derivatives)S #H2] e AZo| Eslst
+ NMZ22 YAZ Attt

III. The Proposed Scheme

1.1 CUDA-Based Parallel Signed Distance Field

of2] A2y molE g8 3D vl that B3 7|
= Alshs A2 INUAZ 713d & qleng
Fo} 120 Al Agol 7Hssit. o714 LN#AlE st
o] Al mRIEAIN A 2 AR SlsliMe o
2 7§ H7E aefshior &7] diwoltt (Fig. 3 &%)

ol

q Primal tree
~_.
= p 4

::\ 1:\ ‘t "““:/12 /
P ¥ " 3

b | LN ) AN
£ 4 »
£ Al

(S [=.|A| p| AP S‘é VR

List of primitives

(a) (b)

Fig. 3. Adaptive SDF structure : (a) 1D primal tree,
with each node containing an index to the nearest
primitives of (b) a composite object.
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struct Node {
double divPos;
unsigned int divAxis : 2;
unsigned int isileaf : 1;
unsigned int isRLeaf : 1;
unsigned int left : 30;
unsigned int right : 30;
s

struct Leaf {
double min[3];
double max[3];
unsigned int numOfPolygon;
unsigned int polygonlndex;

b

Fig. 5. Node structure.
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3. CUDA-Based Construction of Primal Tree
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Fig. 6. Node sampling strategy in primal tree.

e CF PR o 22 7109 =5 B Queued]
Rgstol #elst, AgE =E50] AREEES GPU
eSS Oﬂ Sof, 3uter

M S subDive



Efficient GPU Framework for Adaptive and Continuous Signed Distance Field Construction, and Its Applications 67

001101000] =it} Primal treeofA] ==& ABESoh=
"o Fig 6y} 2Tt B940] UERE =2 L Cof

tishA 29 gts B1tsto] e o AlEd %*i”ﬂ =4
& TAIE Fasfeitt

v o] BUAL =559 QA s Alkksl=t,
subDivgio] 00] opd =0t QX} ZFS AAtsty, UA
% D]gto]H subDivglE 002 RSty o QAL 4f
ARt E3F GPUZTEE k-d treeS o]-&sto] Zlkteit). UHA|
2O 2 Queues H[FAL, 00] ohd FZof sigsl= At
A= ESTHS Adsted Queueo] AT Queued] A
A =559 ZloPt R& 2 =Z23AY, AFHE =

=7} Q18 W 7HA] o] k=gl

IV. Results
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Fig. 8. Adaptive signed distance field with our method
(input mode : Stanford happy buddha, tree depth : 8,

error tolerance : 6.25x10 °).
Table 1. Performance
. k-d tree k-d tree
Model # of tri. (CPU) (GPU)
Bunny 1,500 1.3 sec 0.29 sec
Bunny 69,666 12.01 sec 1.19 sec
Dragon 100,000 11.27 sec 1.24 sec
Buddha 100,000 12.19 sec 1.24 sec
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Fig. 7. Adaptive signed distance field with our method
(input mode : Stanford dragon, tree depth : 8, error
tolerance : 6.25x107°).
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Fig. 9. Real-time raytracing with sphere
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