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Simultaneous Simplification of Multiple Triangle Meshes for Blend Shape
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Abstract

In this paper we present a new technique for simultaneously simplifying IV triangule meshes with the same number of vertices
and the same connectivities. Applying the existing simplification technique to each of the N triangule mesh creates a simplified
mesh with the same number of vertices but different connectivities. These limits make it difficult to construct a simplified blend-
shape model in a high-resolution blend-shape model. The technique presented in this paper takes into account the N meshes
simultaneously and performs simplification by selecting an edge with minimal removal cost. Thus, the N simplified meshes
generated as a result of the simplification retain the same number of vertices and the same connectivities. The efficiency and
effectiveness of the proposed technique is demonstrated by applying simultaneous simplification technique to multiple triangle

meshes.
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Figure 1: The process of creating a blend shape by linearly inter-
polating a base shape and a target shape.
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Figure 2: Sum of squared distances between a vertex and planes.
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Figure 3: Edge collapse operation.
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Algorithm 1: Simplification of single triangle mesh

Input: M: input mesh, vnum: target number of vertices

Output: M’: simplified mesh

for each vertex v; € M do

| compute Q;;

end

for each edge e; € M do

compute collapse position v; and cost C;;

push (e;, vi, C;) into min-heap;

end

while # of vertices > vnum do

pop (e;, v%, C;) from min-heap;

collapse e; into v;

for each edge e; incident to v/, do
compute collapse position V} and update cost C};
push (e;, v}, C;) into min-heap;

end

end
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Figure 4: Results of mesh simplification: (a) original mesh, (b)
50% simplicification, (c) 25% simplification and (d) 12% simplifi-
cation.

s otof
A7) w4100 Aol g5k 7]
N7 415 F Al That
£ B Hgto] FH O Jol
AT JH S0t A PBE 2EE Gk

4.1

i
)
o
kl
e
B
I
_{_‘z’
o
o
i)

< 4 (neutral) 42 ZH= 1
w4152 2R 2AE4

rE
oflh
i
O
oS
_?_lﬂ
o by
Lo,
o
)

_O'L
4 "
i)

ol mlﬂl r_&
i)
ox,

o
i
ok
2l Jo
& 1o 0 A

b e N e A e 2

ol
i
e}
=
fuba)
2
o)
rE
odll
i)
32
N
=
Mo
=
lr ol-ﬂ

N
re

l

K
o
ofl
my,
2]
flo
ol
el
rg
=
f
Mo
by Mo
o
o r
N
N,

ﬂ.llm N
—_
ofy

o
b
2y

il

T oox
o MY

o
A el ox

Mo o
=
2
)

tr oo & o oX 4 > o
=)

i 4y rlo 2 o o o

[» lo
g
o
o
i)
1o,
e,
T |
=
b
i
o
T
o
=
v

42 R A AA BR

Al 3N ARt o 2] A A vg-2 oA FHO| HH ¥
upet gEbict. ek N7 O] W47t F LRt % E

JHE e ete, v 4] 9] 715k gdol o

Hl-E-2 w4 o wet A= o2 do 23t
deot 7IHe BAEAde F95te A7) wialel NEa e
2 HEL A5 APl oA o] = A7 Aute 2] o2
dotd M2 A2 ve A2 RS 2 "ok
T H S Histe] SMEA 71¥ =, 7A€ °l&
e A8 e dotA o= A s dot
A ol £AE siastrl S8l N7Re] Hi4e] &
oto] 2 2] AlA HEE FASEAL, °lE
w4 A FLRE A& o AE AASHE 7S

94
21 7} o7 o] 27
o

I o
oL 2
t

o
off Mo ofl
™~ o
i)

>

f
=2

rT flo

e o

e Lo

o
o

rn

2L N oox ook O by
b <
Hr
)

>

off

o o} A AR 2 NA O w4 He M =

4o /ety shy, RE H|4]E 13t o] 7] ¢;9] A A H[E Ci=

St o] A % et

A7) A w;e w4 Mo Bt o] e; 0] AA u-gol gt 7}
Zloltt. BE vl 4o] thote] 7FE] 7k w; = 191 A9, oA
A A B8 T5] mE w40l A s o 1] o] Al A H8-S
Azte} 2t B =R o7 ;9] A7 H&o] 7HEA S
w4jutct o2 A Hggch AAG 712 w;E 4357 9
Zkzte] w|4] Miol| thste] o7 ;0] AA Hlg O S AL
Thok A| 7 v ¢J7} BE u]4] mEd] thate] FAstAL A9
GAYelTE, o] gt ATl o] 2] ¢; FHO|A] 7t w4 ] BAtol
37 B 2] 7] wjRolct. ¥, o] 7] ey d= w4 m o] whal
A A Hg Cfo] Wt Acka oFH, o]k of|7] e, FHA 2}
w419] g4to] Wishr Atk AL G538 4 k. A A HE9
A5t} 2 o) 7] ep = e;0l] v A 0 2 ZH |41 S0 A At
Zad EAS w@Fchy 514 3 4 glek. wEbA o] 2§ oA
S A7 v 8-S o] A5t Bt Aol A A AR S
et

7t w41l tiste] o] e;©] AlA H]Ee] EZ B(standard
deviation)Z 0, 2111 812} 07} ZHE o] 7] e, 7t wl| 4]0 A &4
o Mgy} Ao BHo| Xglt| o xjo| 0 vhe s1Ex] 2 et
5te] ol 2] A A 9] £98 = 4 glct. whH, A A v go] mE
B2} 2 oA o 7222 el g o 27} A A = 2]
I E g 4 olet o] Aels A8l 9l5) B =R

cheIt e BF WAl M 71EA F4-E ook

D
N el 1o ofy

7

ol

0.9

Omazx

x o+ 0.1 ifOSUSUmam

w(o) =
(©) 1 otherwise,

—N—

-78 -



SSa
SSK,

VY
1
%)

117

N
SN
ISNNSA
b,
NS

RRSRRA
SRR

SESSNSSA RN 2
RERRREAM 5
RRRRREY R

A SRRRRE ==
L

i
AT
Zaraval

3
N
KRR N

G

AN S Sy, NS A (NS AR IS AN ‘,,wg‘x‘v‘al
A N / : TS e RSN e, S NN S S S
e RS N : o S Ce TS SSSS
RS oSS Tavyy; S N S SRR = RS SRS
SR AN RS RRRRRESSRS PRRRRSSSS (54"&%;‘;‘&“\\“
N

S
SENSL
SR
SEESSER
S

SRR
RERRS
IR

AN RS AN SIS A
4474%\ = "45"%‘ %{«v ()'45, hay

Figure 5: A set of mesh models for blend shape.

A7 4 Oar's ALEAT} AT o 2] A7 u]-g0] Hl WAE 1}

=21 o] Ho il Sk}
B, 7EA= 0.1 < w < 19] Ho i?%ﬂ-. 43 Algorithm 2: Simultaneous simplification of multiple tri-
A A A 4 Ha= Figure 62F o] ZF o] gt of 2] A7 B8 angle meshes.

o 7beA 2Eal BE wiAE At A BleL R 9EH put: M = {M?,---, MV }: aset of input meshes,
Algorithm 2-& 32} =] of 2] A A H]-&-2 o]&5}o] th=2] 1|49 vnum: target number of vertices

o5t = A h3) oF v e =S e Output: M’: a set of simplified meshes
for each vertex v; do

// Extended edge collapse information fOl’ eaCh meSh Mj € M dO
struct ExtCollapseInfo({ ‘ compute Q7
int 1i; // index of edge e; d v
int n; // number of meshes M!,MZ% .. M" en
float c[]: // clj]: collapse cost of ¢ in M/ end
float w[]; // w[jl: weight for c[j] .
tloat tot ¢; // weighted cost of g for each edge ei do .
position v[1; // v[j]: collapse position in M/ for each mesh M’ do , ,
Vi ‘ compute collapse position v}’ and cost C7;
end
Figure 6: Data structure for extended edge collapse information. compute standard deviation o; and weights w; ;
compute weighted cost C; ;
push (e;, v’ , C;) into min-heap;
end
s. }‘.‘?]'3‘:'1:' é:ﬂ]— while # of vertices > vnum do
pop (e;, v, C;) from min-heap;
33 Rof K Akg Th o] 4ol g5 A Bt /e Cor | for cachmesh MY do
s J.
olo]= A}-25}od Intel i7-7700K 4.2 GHz CPU, 8GB 2] Q] collapse e; into vi; - )
219} NVIDIA GeForce GTX 1060 129 7127} 4] ¥ PCo| A for cach e‘fge o ’””de”t_if’ vi do f oot
compute collapse position v,/ and cos ;
FAEYTE 47 W42 BHs17] 18] Ketner [16]7} AIHs g P pEp 4
SHLo) A half edge) AR TFEE TEHAT A% 4ol A | end
stz Ampzi w40 Zs1ed 48 ARE ANte R for each modified edge ¢; do
w2 A 18 2> 9] 7] wjRo] AlotE 79 o] AAF A SFAYo|| 7] compute standard deviation o; and weights w; ;
S 2 o] compute weighted cost C; ;
O:] & T Mr’]_ 17 . .
_ o . push (e;, v/, C;) into min-heap;
2 ERodl At QuelEe gade Ag gt | g
P HAS Y AF BAL AGHAL 424 RIS FHOl  eng
45737), E2] 20 91087 & 5 S AU W4 o] AAFx 7
& L5ttt Figure 7(a)= 27119] 9 Afolof] S-=AdS A&



* target shape 7

. target shape

(©)

Figure 7: The process of creating blend shapes from a base shape
and a target shape: (a) original models (4573 vertices), (b) sepa-
rately simplified models (914 vertices), (c) simultaneously simpli-
fied models (914 vertices).
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Table 1: Computational time.

# meshes Time (ms)
Simplification rate(50%) | Simplification rate(25%) | Simplification rate(10%)

2 43 80 83
4 86 136 154
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8 189 264 313
10 218 329 393
12 276 409 482
14 305 463 552
16 356 523 625
18 397 583 693
20 446 676 786
22 501 737 876
24 541 841 949
26 582 864 1025
28 632 924 1100
30 679 1006 1195
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