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1 AXEZERMERSRE

Figure 1 Some generated models in our paper
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Pj Pk

(a) (b)

B2 =fAFT A8 6 XMAR U, V i W B 3 % bunny 8 6-XFRA A

F 85 Bl X hz [E Hh &7 3k Figure 3 6-symmetry direction field on the bunny
Figure 2 6-symmetry direction field on triangle face T, model. (a) The arrow denotes the user specified direc-
U, V, and W correspond to these arrows tion in the interested area; (b) 6-symmetry direction

field generated by a smoothly diffused operation from

(a). Here we only display the direction fields on some

faces for the sake of simplicity

sin(GO™)

/

4 8 fu, fv M fw WEEXEZERT =ZAHMNE, EPRRET =AML KURGSHHENEE o 8
RE
Figure 4 The isocontours (black lines) of scalar fields (fy7, fy and fw ) intersect one another to construct the triangle
mesh. The triangle’s edge length and the relationship between the gradient of the scalar field and density p are indicated

in the right diagram
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k=0

Reference

Uy

K=3 k=4 k=5

5 A% Ur, 5 Ur, 358 6 #iER

Figure 5 Six cases in which the direction field UTj is aligned with Ur,
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(b)

B 6 #&# moai BI=fAMIHIEITIE

Figure 6 Construction process of a triangle mesh for the moai model. (a) The lines are isocontours of the scalar field,
with the arrow pointing to an over-hanging edge; (b) after deleting the over-hanging edge, a quadrangle is obtained; (c) the

quadrangle is subdivided into triangles

x1 RBRESFITERE >

Table 1 Mesh quality and computing time

Model Number of vertices Singularities (50° ~ 70°)% To(s) T(s)
(in/out) (in/out) (in/out)
Fertility (Figure 7) 13971/829 3126/114 88.5/91.9 12.5 1.9
Fandisk (Figure 9) 6500/370 1303/91 17.0/70.2 4.9 1.0
Rockarm (Figure 10) 9405/147 2055/38 79.6/75.4 10.5 0.6
Venus (Figure 11) 2758/303 450/32 42.2/89.9 2.4 0.4
Horse (Figure 12) 6798/3078 1347/553 85.3/79.5 6.4 8.5
Bunny (Figure 13) 11660/2930 2079/57 86.4/82.1 10.9 0.9
Fish (Figure 8-c2) 12502/674 8110/145 29.0/85.3 11.0 1.6

a) (in/out) 7} ALK AT BH%, (50° ~ 70°) —FIRIRMEELE (50° ~ 70°) TN RILLG], Ts EAREIAHITHELN ], T
e MR 1 R = A RS TR TR (bunny — 218 T, Ty R ST W) A% I 1))

Kot ARG RE R AL R L, JEAT an DASER (n R RIRE IR ED). A Gaussian-
Newton {FIEACKAE. b T8 4%, BATBEHLER A sl BHEXNAR (Cu, Su, Ov, Sv) MAME
BCEA (1,0,1,0), HoAtlmi BBV ABBBEE N 0.

4.4 HBHEXFFTIE LR HER
HoF T A R AT AT (U CAD BT AT T3S A= i 4 A% 1 32 R 0 I SRR HE T 6 55, 55
SEHER T )2, AT TT )35 5 i IR 23R, AR RRAE L 7 /6 N T U J7 1), A T iR IE
AL (fu = 2nm) IERIRZR, SRR ERAER— 5 p, BATIIAIN FREZ R
Culp)=1; Su(p)=0. (12)

AT IS BRI AE ) LA Ab BE PR AR R LR, STHR [17] T A SRR 22 JoTR AL BRI f) . AEASC
(HEZ A, TG BE AR A RFAIE, AR AEXS 55 n] DAKE P 32 57 AR,

64



THERY FERE B2 B

30 40 50 60 70 80 90

(a) (b) (c) (d)

7 B fertility BILGER

Figure 7 Results of the fertility model. (a) Arrows depict the user specified directions in the interested area; (b) lines
denote the isocontours of the scalar field, with black points marking the intersection points; (c) generated triangle mesh.

The black points are singularities; (d) angle distribution diagram of the generated mesh. The horizontal axis is from 30° to
90°

VA

B 8 #%% wooden fish —&RFIHMIFERER

Figure 8 A series of generated mesh results for the wooden fish model. (a) The arrows depict user specified directions

in the interested area; (b) density field computed according to curvature. The black area denotes a relatively large value,
while the white area denotes a small value. (c1)—(c3) Results generated with no density field. the number of vertices are
1223, 674 and 297 respectively. (d1)—(d3) Results generated with a density field. the number of vertices are 3795, 2174 and
962 respectively

5 F{ELZMEVFI=fMIgIgE

— BRI USSR, SR A SRR = A RS K3 AT SCRR [17) F AR DU LTS IR g e A 3 2K
Bl FEFIIT i i RS b, JRATT B 58 AR T ) = A1 e B SR RS I R A (VE R eI b i
HOAHIOK T 2 1), RIG RN A WL fu = 2nm, fv = 2nm, fv — fu = 2nm FAFIAEE
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(b)

3040 50 60 70 80 90

(d)

9 #&A fandisk BIGER

Figure 9 Results of the fandisk model. (a) The lines depict the automatically extracted feature lines; (b) isocontours of

the scalar field; (c) generated triangle mesh; (d) angle distribution diagram of the generated mesh

(a)

10 #&3! rockarm BILER
Figure 10 Results of the rockarm model. (a) The lines
denote the user specified feature lines, while the arrows
depict user specified directions in the interested area; (b)

isocontours of the scalar field; (c) generated triangle mesh

(a) (b)

\) fgﬁ;,

<

N7 Veéi‘

JATAY

VA
i

5

(b) (c)
B 11 HFiHaFEREE venus HER

Figure 11 Results of the venus model with boundaries.
(a) The lines represent the boundaries of the mesh, while
the arrows depict user specified directions in the interested
area; (b) isocontours of the scalar field; (c) generated tri-

angle mesh

(c) (d)

12 1A horse BIZER

Figure 12 Results of the horse model. (a) The arrows depict user specified directions in the interested area; (b) density

field computed according to the curvature. The black area denotes a relatively large value, while the white area denotes a

small value; (c) isocontours of the scalar field; (d) generated triangle mesh

2k, SooJa AT 2 8] (A 2 2 Al SRR Bl 1 A i = A TR, SR A s R Bl 1 A Al =

FTE T AL

LOCHK [17]) —FF, FERICE (2 2 B 2 7 5, JAAN, EA T TR (B 1)
L (& 6). BERPTAT a5 2 S EUE R MRS P A AE S8 23008, ARSCHGE T 3CHR [17] R SR
fEf e LUK IX e 2D E — Mo =0 8, DB
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(a)
13 2% bunny HEMBURMHER (HE 3 WA EIFHEESE)

Figure 13 The base mesh and subdivision result of the bunny model (constructed based on the direction field in
Figure 3). (a) Isocontour mesh under sparse sampling; (b) semi-regular mesh generated by subdivision of the result

in (a)
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Controllable highly regular triangulation

HUANG Jin, ZHANG MuYang, PEI WenJie, HUA Wei* & BAO HuJun
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Abstract This paper presents a novel algorithm for generating a highly regular triangle mesh under various
user requirements. Three scalar fields are first computed on the input mesh. Then, the intersections of their
isocontours with one another are used to construct the highly regular mesh result. The proposed algorithm uses
the N-symmetry direction field to guide the edge orientation. Size control is achieved by using a density function
on the surface. All user requirements are incorporated into an energy optimization framework of the scalar fields,
and then the isocontours of the generated scalar fields are used to construct a high quality result that satisfies
all requirements. The experimental results show that the proposed method can successfully handle various user

requirements and complex shapes.

Keywords triangulation, semi-regular mesh, highly regular mesh, N-symmetry direction field, feature align-

ment, adaptive sampling, orientation control
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