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Extended Adaptively Sampled Distance Fields Method for Rendering
Implicit Surtaces with Sharp Features

Cha, J.-H.*, Lec, K.-Y.** and Kim, T.-W **

ABSTRACT

Implicit surfaces are gcometric shapes which arc defined by implicit functions and exist in three-
dimensional space. Recently. implicit surfaces have received much attention in solid modeling applica-
tions because they are easy to represent the location of points and to use boolean operations. However,
it is difficult to chart points on implicit surfaces for rendenng. As efficient rendering method of implicit
surfaces, the original Adaptively Sampled Distance Fields (ADFs) methad"! is to use sampled distance
fields which subdivide the three dimensional space of implicit surfaces into many cells with high sam-
pling rales in regions where the distance field contains fine dertail and low sampling rates where the
field varies smouvihly. In this paper, in order to maintain the sharp teaturcs cfficiently with small num-
ber of cells, an extended ADFs method is proposed, applying the Dual/Primal mesh oplimizalion
method™ 1o the original ADFs method. The Dual/Primal mesh optimization method maintains sharp
[catures, moving the vertices to tangent plane of implicit surfaces and reconstructing the vertices by
applying a curvature-weighted factor. The proposed extended ADFs method is applied (o several exam-
ples of implicit surfaces o evaluate the efficiency of the rendering performance.

Key words : Surfaces, Rendering, Adaptively Sampled Distance Fields, Solid Modeling

g oA Swe

LM B

o
Ty
r

Ho

e g ol 5}

1197wl

ARE g2 2 Computer Aided Design(CAD)
Ropol|q Ql2)e] EAE EHslr| 9lsh YwrHog
"""]-'; vhd o0 2 = a7 A S (parumetric surfaces)

= AM-She W S5 I8 (implicit surfaces)S
%]—S-bh: whgo] o}, w7 S ARk B3
9] 2} ARG FNHErLE o] fsle HAS= FAS
wahy, th2F e (polygon) FHelL 2=Z 219 (spline) =
A, yimmed NURBS =W} 7+2 #3o] THE S

"‘*“ A Kl g L A e o MR S B |
lil% Mgk skl W ki)l 38
04?
- wE-F3Y: 2003, 10. 01
< AAREE ! 2004. (9. 16

o] =E-E 2000 FFCAD/CAMTLS| ks
WEA} 52A) wal

o o4

27

o BUY FE AR 5 B 5 Y7} W&
7EA3ket7) 2, webd dzhalessellae), ¥
(subdivide)?t 22 7153 :M*‘_z A}%m T UE
Aol k. & e Fre) YRIE AR 7t
Z712] (houndaryys: 48 2% /Lh('h’}’ﬂ o] Fof
A, 5], 7155 sljof sl 2H1E dAlsk: A5
ot o] CAMZ T3t {4 Rdo] ¥ Wyo R
Wl A, 2 fels o 712 AP S §7)
well AS7E] BFE 2:q L % CAD 4 o}oﬂ
AE o FHE AR 2l dye)
AHE-E et —1-31’»]' iz E FHe dl¥-2 Borep
(Boundary-representationyS: ©18-8ld 7|8}&H4] A w,
A7l Wigel B3 2Am 28 7HE 5 el
flom, B2l A4l (RBoolean operationyS T“.!?BIH-HI
B2 A Alzbe] Ma sy e R4
Hsitke dio] At gk 9lo)e] Yol E-ﬁ-ll-‘?l '—H

Foll AeA] Aol A=AE B3tz 55 oA &

'E



28 A

wAlolt) WA oS 2 H-S AR s
o S mEsb AL, olE F8E £ U
A2 E 7)ol Wil =27t -4!6@51; on, &§s
Hm2 0|43t mdlg Yyo] M2 dergle
A7)H 2 Qe

B+ JHE 0183 oYY A HY
IR U f(x, 3, =08 o185l
@ A0 Tojal SUFAE DR

2 ololl THL W, SUF ¥

o
jo

o g%
,\

(B odlo ¥

%

o & -l
T ok qft rﬁl:

2 oo
a >.L..
24

il

Fe

ek

)
<o R

ued
10

1o

208

=2

=

&

Yy e
2

TEF ol g3t 2| teinE A &
- 2071 @ =l Solid ﬂn%i % g 4
B og 45 vehll s S8 2t 3
2! Revachev operation™ 2 °]‘8‘5|'°=| =
O’rul 4 Zall™d(blending) A7 E bekE}
Al\— ;Sy.z-‘fol ol\;.}_ tl‘a] Oz‘s_}/-AIn]- xi
sl 2 TEE < 7) Wi P8R et
A3 F28 7H1A g ol g FF el A4
Z5E] 2 E 2 Fofoll A= o)u] B A7t 1Y
2 9o, dlEASZ Mitsubishi Electric Research
Laboratoryoll A= 284 288 o] 88 33k 714
#7}b A el KIZAMUE A7 2 Adsiaay,
Sensible Devices* Pl E 58T FHS o143 24
A EQ FreeForm AHE-313t o, wlasta 2
SGDL SystemAtell M E. &8k 2185 043 R
E<¢l SGDL Scripts N2sl A-§slslsl fou,
Zak2~o) INRIA(Institut National de Recherche en
lnft)nnalique et en Automatique) 12X e 2
£ ZWE o|Rate] A9 1o SHUYE HHY ¢
A= °H‘4"ﬂ°l” ol thshat Ao ol AT &
gk CAD RolME S FAE o] 83 197t 3
g) Z0d], Ao Z Yo °1§}§}‘?J“?+(RIKEN)
e g+ THG o)Este] CAD/ICAM/ICAES
SWE 4 i £F CAD M29E 2001898 =
B AR d3t W Fol AP

8

.;%}\.

o
%
o 1)

.

’l

u
-] B
l')'

x ° £ 4k o® 2 o2 4
T
(-1
L 2

4 4
=

o
(.
JL 1

1.3 8 =29 A7 WS T8

ey S8 3m e e e A
2 F23817] o7 wiiel 737 offive ¢
o] gltk. S HWE HAslsHe U 1Y
3= sampled distance fieldsS o] &-sh= o) Al
T, o] We S T o2+ HMEl(distance)
e olgslo] S Do) EAlsle AApe] ¥
7he oe] AHe #d Aeell; ARAA)E G

FHIECAD /CAMEHE] =1

A10d Ad1E 20053 24

&, ol Aegt

(subdivide)3} 2, =rH o) R }7h= AL 7HEo g 7}A)
slab7] 919 £ 24H4E FE5R= A(sampling)elt. o]
5, U3 M E8Repulardy sampled distance fields)
We S FHo| Ay *3!3 HE @45k
Bgshs wHo gx BEe2 Ao 47} Vs
FHOF FrtetaE Aihko] %O}Aiﬂ LR ““}d
7N 37T o3, v e e gkA] ) o S E A

2ol EAS=H) AFAY g grol iy wid
Adapiively Sampled Distance Fields(ADFs) #hyi'e
ZHo] E HE disiM e B2 e Az Y&

3. QAT RR) dslAE R el ME PEe
T AdH) Y2 AR3l ALFE Fol, 4
g & Zé‘la}fl} ﬂﬂ*" T A 3

ADFs #82 A3l 2:%01 2 HES Y g
g %_’-%‘6]-04 HEHE FE87] uio) S e
#HBAS a2 NSS4 21s SAY A2
hace] A2 BEsI2 Aol YolE e oM

REHS £58 A0 Bdizler A2 gl &
Ao 2 st gsked olggel Ao oo 8 =%
Al U A 28 WY $9 shQ] Marching
Cube 4170 285190 Dual/Primal v+ 228}
HIPLY. 7]& ADFs ol 38-sto] 83 ADFs
< Atsiet. F, FHUshl A& Bgehe Wl A
-] ’||-ri 5,5],4-13,_]. nl:gg A]EJIR?O] ,{-g %L Hl-ulo]] 21

on-_r

r=| °l Aml Foz L 01%6}_‘-’., 4—.~§r 7I—¢-zl
Hd_i& 1 d7l2¢ B3e Ao

all UQ‘_ oo

27l e S35 3R 7 s whgol i B
AT g bR, eAE ST S 4
£ ol FE v}, 4391ME 7)E ADFs
uialoll sl 7R3k, 54elAE DualPrimal v+
AA 3} RS 71T ADFso 388 87 ADFs ¥y

o dl@ 2AEA eRES, 6gelM = B ADFs W

W ale) ofAlo] sl A8a) £ ARES wAF

2. 2 7 §E

Pele] T8-S 7Sk SlEiA s o) B8
WE AST YBHoE FEa) Wolof Atk Y
SReA FHe] @_, ojFi e HEd FVT
A f(p)=0% Tk g pERLEl, el Hol ST
TG A ¢hs }rAIL o A, e



e Wt W Tl
EHEL ¥ENoR FE3Rs AL o9 Aot

b S FUL 7RISk WROE AlAE
Aol aoie) WS Avk=s TEH(sample pointyS

FEdle Yot BRES "Fé-ﬁvl $13l o=l

oM At A B A% 2 UAR, AL
Bre el mofe) el el ’él(cell)i warat
T wylo] AREEAET, olEF WUS sampled

distance fickds W o]z} BtEc} 27]of) ARS-FAA
o2 roldl M E&(regularly sampled distance
fields) W 224 Lorensen® Clineo] 23t
Marching Cube 8"z} Suffem''*'*12] HW]OIH],
o] YPHEL a9l E7re FUE zi7]9] 4= Bl
gt BHS A= 48 -’r"’é‘?L 3. 145 i—rlﬂ
Z298 2AkEkhs ¥4E S F3le hyeld e
U st 2719 AR —-?SIIBH: 7ol XHe 3
E& gAH08 2T & 1S W opet 2Zad
HES F28M MIEDE YT = ok =3 A
g 94F HEHS FE AN e A4S st
A AA LRpolol 812 wheba] 4o 301 X)ekEaE
02 %71517) whgol) whe 7pAlEk7t ofjlAl At
o) thd-g FR38l7] sl 2etel o] =
Aoz AL BPIhs 9ISl Adaptively Sampled
Distance Fiekls(ADFs) uh!'lojt}, ADFs #hgel o]
@M= gl AANEA gk, B =R o)
g 7335, 2 M oAy sl g3 Bt
F Y, Ohtake®t A, Belyaev> Marching Cube
Bl o) o)a) APA3d 2t rl+ & RS GS
ke @abe]l & vehlsE st 2Rl Duall
Primal = 28} PPPs 2o HHESUT 2
EEIAME Dual/Primal 5] A3} WHE 71E
ADFsell Zg5l0] AL /o] AR Hyta 2 A4S
3R ow sk £ gl S ADFs RIS A
Qtslz

B 7}7) olAlol thel A E-sharh.

Fig. 1. An example of the regularly sampled distance fields
method applied o unit sphere!™. a) for few cclls, b}
nany cells.

218 3% Adaptively Sampled Distance Ficlds ¥3 29

3. S SY{(Implicit surtaces)

§={(x, yn cosh, y-sme 0E(0, 2x]} 7roj o}
epdl £ 3, 284 4w FEHICH S={(,
Wl =2+ vz)-O x, yER'}F} 7o) viepd 4 2l

S5t Fde) vzl FH v wold T4

e ohiat A

3.1 BX2) /)5 Thet 0%
@ ) Aol S Spl B pE e
AE wje) Buol w) ohg-s) o] B 5 AU
fp)>0 - W ¥
fip=0- 744
fip)<0- 2|5
BEE dshs ARel 7hdd Aea 49
W5 ghdo] 7hgahy /el ito) A2
o] Fe]x}7] wite] Solid RPEAM ) 5AL 7
wul,
iz 2] Aol F pollA dolray)E 2

oty EA|e] EHI vl JJ..Z]-/“(mterqecllon point)
o] FRF7} Epo|d jRe|nt gy 9Py F
chale) o)Elst uhH o aHe 7114 = Bt o

a) Implicit curve  f{x.1)=1-{r"+ ¥ }=0

P

F(0,0)=1-(0"+0")=1>0
A0 =11 +0%) =0

b) Parametric surve

Fig. 2. An example of the distinction between interior and
exterior of a two-dimensional unit circle. ay implicit
curve, b} parametric curve.

g5 CAD,/CAMEE] =FF A103 A 1S 20058 29



30 #5531, o), {lepgd

ol Solslo} sp7] Wl A7bo] 28 B 4 ol
97, prh A7) 9 BPORs aolel ol @
2 mapgel A7t GebAA Wi EA8el vk

3.2 S2I¢t 2 4HBoolean operation) X SEHY
(Blending)

S FHe 739 33 union), =7 Fintersec-
tion), X} FHsubtraction) £ E2|¢F AN 3l o}
23} 732 o] dlavke 2 7k3sl| o) Foixw A
39l oS 7 = A

max(f;(x, ). 2(x, ) - &I union)

min{f,(x, 1), /3(x,»)) - T3 (intersection)

min(f, (x,y),—fa(x,y)) - X} EH(subtraction)

48 o] = o] e w4lge Adshs 24
2 Fig. 3 7{5“:]-.

| On the boundary of J;, intesior of [,
min( /,(1.0) =0, £,(1,0)>0)=0

interior of /, , On the boundary off;
min( £,(0,0)>0, /,(0,0)=0)=0

Fig. 3. The intersection of two unit circles in implicit form.

g 43 Rvachcv operation®¥g- o) &S E ThsiA
-2 8g sl T L.8bp UL shte) S
=] P D e OIL]' L‘] L-]-OI-7|- 0 = 0]%6]-
fﬂ.vllﬂlbﬂ%—»?— IH oA A4 % Ho) gl
20 (blending)2Hd-8- 7a&lA 3% + ot

h +.yr2+nf,ff +f§ - 3% (union)

fi+h-Jf 14/ - 2R intersection)

hofs

e
NIV

1. Curve is approximated to lines in
the candidate vegion of in(ersection

|LJr
IOF

- 23 g (subtraction)

Tracing Vectoy,

2. Point refinewent is
performed using tracing vector

Fig. 4. The intersection of two unit circles in parametnc
form using tracing algorithan,

FHHCAD CAMEHE] =33 A0 & 1 & 20054 2

lo implicit surlaces, Only 6 im plicit
functions of i plines
Lixh=d - x=0, fivj=—d -x=0
Spy=d, —p=0, fily)=-d, ~v=0
fleyad,—z=0, fifz)=-d,—:=0

In B-reps ol pacametric suefaces, the
i geomeiry of 8 vertices, £2 edyes and 6 faces,
a5 well a8 1opology between (hese componets,

Fig, 5. The comparison of data structure about rectangular
hexahedron between a) implicit surfuces and b) B-
rep of parametric surfaces.

ol 8 g e) Aol L9k Ak 8]
Aall ARy wzA) ’\"(Surface/Surthe Intersection;

o

]
SS1)2 Fasof Fho), AhHEQ) AL wapAl u
9 F2) shl Tracing algorithms olE o} 43
stA Fig, 49} 2}
TAazk wat Ake aAstEA Ak HAE 7
7) WOl FA A0 n FAgapn] Aol L§°]'Z

588 Aol S e 2 4 gl 2

B
N

%I]*"(evaluauon)c’l 7l-‘—53}/] “111
hast}, olel| wis) oM F
A o] XE HH 4 (vertices),
BT E(cdgeﬁ) HE (faces)?l 716}8F2 <) AR,
(geometry)?} o]52| AAAR] 142 B (1opology)
7% 7ER) 2 Qlefof 317) sf&ol| 8wz rt FA
& 4 9ol Itk Fig. 5ol 2lAdl Oigt S8
e AEFES o/ 1 ARyES] B-
rep Bl w3 QUTH

S FALE miy e 2 A6l vis) gl 22 o
2 7}_21 ANEL /}_/(]_.I 217} “H’T‘ol oFo @ 7|3 wt
& Bdg 7Igolzta ¥ 5 Yrkh

:.’:
‘—;
i

rE g 2 4
2 o fdo
= i
rig
to
w
o\' Y -I‘
.N _|0

oﬁ
Loy

2

4. 7|& Adaptively Sampled Distance
Fields(ADFs) 4

4.1 7|1 ADFs 2ol e

7}E ADFs 9h9ie) 23l ZEx & Fg 69 2tk
zk 2ol gk 2Rl g W82 424, 4.3, 4489
Al o Zlolit rlA sl Aol o 2

AA TS UY LolA r)ngls F=g A



S Sule) IRe WA S AISHE 91 3

Admﬁvohf Sampled
Fields Meﬂlod

. 2000|

4 _Regularly Sampled
Fields Mathod

[ Implicit suface (impficlt funcHons) isectnn 3 f

|| Generation of Distance Fetds secton sty |

Reguiarty Cok Subdiision Adaptively Cakt Subdivision sectom +3)

| Ray Canting || Triangutsr Meah pectonass [ Surtace Paines |
AN

v

Fig. 6. The outtine ol thc original ADFs method (marked
by (¥).

’ .
| Implicit function of an unit cirele : h(x) =1 - Jx* 4+ v ] -1
XJ PRy (1.6 ')J 6.6 ()X gl
5‘3 1)4 01 {4 /) 1 ”4 (’

. -0, 6. .0 305 o ;l) l.~0 6

-1 A5y 058 0536 435 i

0 06N 03 105 03401506
< . 31
4.8 e s .0»3‘0, .
fmt Emfl W o H
18-t 3 | g 080640506 0811
[Tl ;e ety LA aey

e (3.4 -0).8
LS 01 ‘(!.4.—0‘{

{ Positive sign : interior | -1

Fig. 7. An example of the distance field applied to a two-
dimensional  unit circle  for rendering  implicit
surfaces. a) the minimum distance from five sample
points 1o the curve, b) the distance field of grid.

M—m A}, 78l Heag)
2 olgala) »:m o)) &

10!

+

42C|AEA W AN
ADFsE HwWsl7)o] 9 $-49 oAz goe
(distance t‘lcld)Q-I He olasfio)r Jut

r:] 2B 2 et —gi;\_} Ake] 7} Qo) a8e) grlo
FEO Ha ATE A e *%hﬂr g=
(ﬁcld)El g o Qv S e el e A
S X5 0olgke 3 ARSI Jon F8e 9
2o v AL S0 g FB o) 9=

- s P4 ‘ilv_- YAR g471 g,
‘;:7 F|g 78 o)z1g] Q) Y9 vl AEA
- 1_ﬁ3 L SRS = PAPS
mu 2tk ole @ v AR B4k Fol
02¥H B5Q £ o5 das $3Y
gk tlagle A g ek

43 X0l 4 28
431 Medmol M et ot na|E

Fol4l §e20 20 t2H s YTt TR
vh old] o) g olga) HEHOoE B2 Bl

F=CAD,/CAMEE] =83 A 109 A & 20059 2%

7 Adaptively Sampied Distance Fictds " 31

= = Lo

Fig. 8. A wp-down approach subdividing the two-
dimensional space into adaptive cells'",

A2 Yolzich 413 4 B RS Ay 4
#9) FE Aroot cellyell ] Al2tske] 7af 2t A=
2 Yok wlolcy

Fig. 8 °l°ll digolabd o w28k Aot of
w2 ‘i 4g A ""5}‘:‘- ‘4}3*}%‘;‘{] L& a)ing]
We AMehs o] Bl Al (distance) AN FH
A -ﬁﬁgalfok B I’P’“OI Act. ol A ES F
25k v ZiAHQ) spA A WS 2HE) A8 R,
Perry®l S, Frisken 2141E2] 7]& ADFs WS B
3 RS A S

o2

Fingl sheps and cells using

A cube for rendering Level 36 (368 celts) tiangular mesh In seotion 4 4

Fig. 9. An cxample of subdivided cells applied 1o a cube
using the implemented the onginal ADFs method.
a} a cube for rendering. b) 368 cells of level 3-6, ¢)
firal shapc and cells using a triangular mesh n
section 4.4,

a) T
/j ‘i\~m
LTy T
< P
N o
o Filial srienz and el
A algeet tor endiening Level 4-5 (968 celly)  1riwula sesion secks

Fig. 10. An cxample of subdivided cells applicd to an
object, a combination a cube and cylinders using
the implemented the original ADFs method. a) an
object for rendering, b) Y68 cells of level 4-5, ¢)
final shape and cells vsing a triangulay mesh in
section 4.4,

2



32 A3, ot Yelgh

)¢ ¥ @} S 29 gt ek g, 59 AR
uHEA 53, A L e
Lt}d} Ao _Ht;g_};g} ] Al g}, Fg 9= o) r,HUL 7 zlo]
oh h7 A Fig, 102 A %wA 9 95Fe0) A7

Fig.
o ¥ 2§ 2 23 Ajolr).
919 AAE B D 4 o) HF) AN B4
o Wi} & R 2 FRAN O @ 4z |

ol 41 2% & 4 Ak,

4.4 7t StE 98 &2} oM MM (Triangulation)
712 ADFs B2 o)f3lo] g )R ox A Bt
'Tm A ol & 7H3) 8 f18) A el v=
E 0] ®asit) iz ske Wl wo) A
A(ray casting)} 7H& z“?—:i’_' W R E] Huo] A
2 W e b Q) WzlA o 7kx)7) °TZI“P
< AFY 2y 0}"-°1|°'|7P AL 283
A0) 23)519] ) Thol) W2t W7 ghEo) 7
Aol ehikA o))

“mOoWI'

=

r]r &

o] 71717t 71 ADFs Wl diste] A543 3}
Aele, ool dzst WS HEE HF oAzt

a)

Level 3-6 (7-32 triangles) Level 3-9 (4572 triangles)

Fig. 11, An cxample ol final shape applied 10 a cube using
implemented the original ADFs method. a) 732
trianglcs of level 3-6, b) 4,572 triangles of level 3-9,

a}

Level 4-9 (26568 triangles)

Lavel 4-5 {1960 triangles)
Fig. 12. An examptle of final shape applied o an ohject, a
combination a cube and cylinders using imple-
mented the original ADFs method. a) 1,960 riangles
of level 4-5, b) 26,568 tnangles of level 4-9.

FFCAD /CAMES] =54 a1 108 =1 £ 20059 24

Fig. 11, Fig. 1200 vebd i) olelie) 23 oa]E
| 438 ®¥ 7% ADFvt Ael o wile g
&Ake. Ao '=o| AL/I—'&J o2 fi'-Ll Ao Y5

=

=3
"0 ﬁ.[

.!..

32 oft
.J

5. 58 U2 ItER gy VTGS

2|8t &% ADFs 2

5.1 E7I2E Y 2tAEe] e+ v

71E ADFs "2 2 g g A4 S- »_,}-f}_ 4

=1

2
4

i
Mot £ fo

2ol Qe 22)o) yEoix|x
== )‘\J-_z;-ﬁo] ukS-o]4| 7] ol &
Al Bole g 7148} 8

ol AL W A ol B

d3k7] Wl Fol W7h2S] mo }

x ..KJ
JE

A o

!
Fut

|
el
85

3|

3 _>:.

T

i

o]

X

fl
’~|o

L g
ME

o rL'|o

oy T

=)

@E‘
i_':,
'J.

]
] A
OI/I ul| Foll AukAQl o= W)
hASHA Vel 2L oL} S8 .J
gl E- G7hEA Bol AT, g mine] @
debA =32 Aol @2 £3)7F AWl sy
249 374 Woletsr & 4= glul.
71¥& ADFs ®\'@i= *éﬂli Y. Ohtake®l A
Belyaeviz 4t Al &8 vy F9] ahel Mamhing
Cube H\-ullhlo“ O],sﬂ -;Loal gl 2pzt w4 WE
o] B WEko 7 ol Fdly] Wir g §A -3
= ublel Dual/Primal W 245 e
ﬁ‘l‘:}. °] ‘%"%* 2 A A} 7ER]2) M) gEo R
= Q= &* “l&ll bl o H

0::.

ot

>>'. i
dr e &

O

1Jlo HU >}:

g R

-0

&

~lifr411-*.4-n££i

R
9
= _

=
N
)

g
}c[

[

7" T Adaptiveiy Samplad )
Distance Fields Method

INDIEe . T2 PHE

(" Reguiarly Sampled
Distance Fields Method

I implicH surfaces (Jmphcn functions) pacon 3 }

[ Generation of Distance Frelds pewin < 1

Cell iy Celf ivisi {scm'cn's(i)i

lu,{.{

Rayfae:nq i Tnmgw.lvlhsnnmm' s-rlamPo.lmsi

P
DualiPrimat Mesh Dptinti; Method

Moving Vertices of Triangilar Mesh % Taagent Plama of implicit Surfaces

€L 20021

Curvature-walghted Verfer Resampling

[ Adaptive Mesh Subdivision l
S

Fig. 13. The outline of Duai/Primal mesh optimization
method (marked by (& ).



S el kR e

Table 1. Comparison ol the extended ADFs method with
other methods

Dual/Primal

Original mesh Extended
ADFs optimization ADFs
method method mcthod
FaN
{Regular mesh
Adaptive cell o is input {irst, O

and adaptively
subdivided as a
post-process)

subdivision

Represcntation
of a complex
object which O x O
has very small
sharp features

Sharp featurcs X O O

= Fig. 134 3.,

B =goM e 7|E ADFs Wibs Saldenr o
G¥ 9)e] ubvlg 7|E ADFs ghol 2451 42
MNgrel AL 7IXAE FHAACR G2 e A4S
Lhehl = 34 ADFs Wyl dale] sty B 7}
Z) afAlol wisl 483 Htr) o714 5183 A W
;;q] \:IC}-HJOI _L 0] 2 o“ ]:"] 1-7‘-0 Z-I 0 ,Lgﬂ-g,}_“:_ Ho
B2 ADFs o] 54 ZEo] & -'h’oll o 2o A
Sl B4 AA251A RESo] £7] wlfol
VA S B B U E S S B I e B e
t}, o] £ dqlolel & & 9= A iR el of
zn 5.28elM ®AISHA gt o] fﬂﬁ &2k ADFs

el AA| EF5= Fig 149 23, Table 19 373
ADF& Wl 713 ADFs '8 ¥ Dual/Primat w4
23] Wy & nlwa)] FaL Qg

i

52 H0e HUoR ifixel H 0|5 Wiy

Y. Ohtakes} A. Belyaeviz AF22] =EMo)| A v
2] Ao nfg] HE o]Falz W sl o)
S F7) 98l olxR1S) g2 drslat glct ]2}
o) A9t FHwo] ol HHo v2] g
o] Fah= Aol & = 2dh Fig. 155 o=
37l sk Slck

ol WHe daploE EalA Aztel el $4
Z7) W4} FHES IW SR o)FIa o) =
2 AAste] FL(Dual) Vs & A3} 2 0L o]
FdEolA 2ol thet Pug Tk 271 o419
% Qo)A 73 YA 5ol

u=
45S AP T dAE,
&

H A2R) 4o o) Fab) Ak WAE 27

P 71118 S5 84 Adaprively Sampled Distance Fields 34 33

The Extended ADFs Method
_____________ - Sromased in Oy papme
Regularly Sampled i Adaptively Sampled
Distance Fields Methon l Flelds
187k, 8l 4. 20N

[ tmpicit surfacas tmphicit functions) qacann |
11l

I Generation of IXstance FRI0s (sacteo 47) l

s ‘ I P T m——
] "“""“""“""“"“"""""""""‘"""“f' .
,I .‘?ar Cﬂst nq ” Tnal"ﬂnfarMesh (s-cﬂonu)ff Surtace fcints E
o l 2

DualiPrimal Mesh Optimization Method

(RACS ORI
' Moving Varticas of Tnanguier Mesh fo Tangent Plane of impiick SWIfaces swmn >4 I
[ Curvature-weighved ¥erkex Resarmpimy I
[ Adaplive Mesh Subdivision _J

S

Fig. 14. The ouline of the extendel ADFs method
proposed in this paper for rendering implicit
surfaces with sharp fcatures (marked by (8).
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Fig. 15 A two-dimensionat example of the movement of
vertices of man"uhr ‘mesh to langent pl.mcs of
implicit  surfaces in  the Dual/Primal  mesh
opttmization method"'. a), h) The vertices of the
dual mesh are projected onto the implicit surfaces
and form an optimized dual mesh; ¢) the planes
tangent to thre iniplicit surface av the vertices of the
modified dual mesh acc determined; and d) for
each vertex of the pimal mesh, its optimal position
is found by minimizing the sum of the squared
distances [rom lhe veriex w the tangent planes at
the neighboring vertices ol the modilied dual mesh.
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Fig. 16. The comparison of the extended ADFs method
proposed in this paper for rendering implicit
surfaces with sharp features features by applying
the algonthm that moves the vertices of a
tangular mesh to tangent planes of implicit
swriaces for a cube with a cylindrical hole(1,476
trangles of level 4-5). a) using the onginal ADFs
method, b) using the exiended ADFs method.
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Fig. 18.

. The quality of the extended ADFs method
proposed in this paper lor rendering implicit
surfaces with sharp features as compared with
the original ADFs method for the same aumber
of cells(1,432 cells of tevel 4-63 applicd 10 an
object, a cambination a cube and cylinders. a)
using the onginal ADFs method, bY using the
extended ADFs method, ¢) d) detail views using
cach method,

A, ——

The quality of the extended ADFs method
proposed i this paper for rendering implicit
surlaces with sharp features as compared with
original ADFs method for the same number of
cells (23,280 cells of level 4-9) applied 10 an
object, a4 comhination of a cube and cylindrical
objects. a) using the orgimal ADFs mcthod, by
using the extended ADFs wmethod, ¢} d) detail
views using cach method.

Fig. 19% & ©) W8 Eaonsab) ol LR

WEY TYo) U= ¥

Aol thal A Bl olc). 1

Fig. 19. The quality of thc cxtended ADFs method

proposcd in this paper for rendering implicis
surfaces with sharp features as compared withy
lhe original ADEs method for the sume number
of cells (44,096 cells of level 3-10) applied 10 a
fincly carved object with a cylindrical hole. a)
tmangular mesh vsing the original ADFs method,
b) wiangutar mesh using cxtended ADFEs
method, ¢} d) shading views using each method.
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Fig. 20. The detail view of the fine carved part and the

cylindrical hole of the ohject shown in Fig. 19, a)
the fine corved part using the oniginal ADFs
method, b) a) the fine carved part usimg the
extended ADIS methad, ¢} the cylindvical hole
using the onginal ADFs method, d) the eylindrical
hole using the exteoded ADFs method,
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Fig. 21. The quatity of the extended ADFs method proposed
in this paper for rendening implicit surlaces with
sharp fcatures as compared with the original ADFs
method for the same number of cells applied to
AUV{Autonomous Underwater Vehicle). a) using
the oniginal ADFs method, b} using the extended
ADEs method.

2Th

AA AN o Aol g3 K] 2)3)
A &5 T4 (Aaonomons Underwater Vehicle;
AUVYS 7149 Fo s rulgdsio| 712 ADEs WY
s 23 ADFs #Phgel dish 2184 2 Azjelc}, 524
@9 58 WE B 252 A B3 ADEs
He) 7|3 ADFs 2ol Hls) “’7’}-7--8- i 59
2o 2 7pAlsl E7 )R-E EQlE) B 4 2l

6.1.2 ZEE 2 e A0 chsh 3 A)2HH|

27 ADFs 2 7]# ADF
Dual/Primal "5 333} ¥by-3 83 Hojmg 71
2 A 7o thallAi= 2913] Dual/Primal v+
A3} W2 23 371990 Ak A7ke] M asy] )

ol ©] wWe A)Zke) "ot e} 7] ADFs
e g} c} ADFs wz) v)2=3t o) g@ytEg
Ul7] )5l & ADFs g0l v)sl o)
Rl giet. olo w2} 7|F ADFs %
He ey 6H‘6‘F*¢vl| Azle A7k} 7S rHes

el
B oL
4 gf
4>
°c=l,|'{

=4
oy
2

Fig. 229 Fig. 23& 7]& ADFs 33 &4 ADFs
AU -S WIS gl Kt %‘:l%é Tl = B
Ao BE3t ooje}. 71& ADFsHOE 206.15971
o] A5 Pl Al n“‘ ADFs 90 5 24951
el A-S 5l 57 FHo] MR vlditte A

I CAD,/ CAME 3} =853

1 Awd A E 20059 24

Fig. 22. An example of the extended ADFs method(24 951
cells of level 3-9) proposed in this paper for
rendering implicit surfaces with sharp features as
compared with the original ADFs method(206,159
cells of level 3-12) to maintain the same quality
applied 0 a finely carved object with a cylindrical
holc, a) triangular mecsh using original ADEs
method, b) (mangular mesh using extended ADFs
method, ¢) d} detail views using each method.

b)

d)

Fig. 23. The detail view ol finely carved part of the object
shown in Fig. 22. a) ¢) uvsing original ADFs
method, b) d} using extended ADFs method.
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Table 2. The comparison of the execution 1ime between the extended ADI's method (24,951 cells of level 3-9) proposed in this
paper for rendering implicit surtaces with sharp features and the onginal ADFs method (206,159 cells of level 3-12)
o maintain same quality applied fo a finely carved object with a cylindrical hole.

{unit : scc)

Number ot cells

Execution time of

subdividing

Execution time of
generating

Execution time of enhancing
sharp features

into cells triangular mesh Step 1 Step 2
e . 206,159
Originat ADFs method Uevel 3-12) 50.8 235 N/A N/A
. 24,951
] & > ¢ 3
Extended ADFs method Gevel 3-9) 5.9 438 1.5 30
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Fig. 24. An cxample of thc extended ADFs method
proposed in (his paper for rendering fmplicil
surfaces with sharp fealwres applicd 10 a tinely
carved object with a cylindrical hole. a) a
triangular mesh, b) a shading view of a), ¢) the
detail view ol finely carved part, d) a shading
view of ¢).

Fig. 25. An example of the Dual/Primal mesh optimization
method applied to a finely carved object with a
cylindrical hole. a) a triangular mesh, b) a shading
view of &), ¢) the detail view of finely carved pan,
d} a shading view of ¢).
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