Deforming surface simpli cation based on dynamic geometrysampling
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Abstract connectivity involves that the meshes are particularly
oversampled at some frames. But, this surplus of vertices
Although deforming surfaces are frequently used in nu- is necessary to represent the ne details existing at other
merous domains (scienti c applications, games...), oaly f  frames of the animation. Figure 1 illustrates this probl&m.
works have been proposed until now for simplifying such shows one hoof of the morphing sequeRGRSE TO-MAN
data. However, these time-varying surfaces are generallyat the rstframe (Figure 2). During the morphing, this hoof
represented as oversampled triangular meshes with a staticis progressively transformed in one hand. The amount of
connectivity, involving a large number of unnecessary de- unnecessary vertices at the rst frames is nothing but the
tails for some frames. Among the related works, some meth-ngers of the man appearing at the next frames.
ods provide globally good results, but ne details appegrin
during the animation are not always well-preserved, be-
cause of a static geometry sampling. We propose a new
simpli cation method for deforming surfaces based on a
dynamic geometry sampling. The idea is to compute one
coarse version at the rst frame, and then to progressively
update the coarse sampling for the subsequent frames. In
order to optimally approximate each frame, vertices are
added or removed following the appearance or disappear-
ance of ne details in the frames. Our approach is fast, easy
to implement, and produces good quality time-varying ap-
proximations with well-preserved ne details, at any given
frame.

1. Introduction

Figure 1. Example of an oversampled region

The temporal dimension of the deforming surfaces is  of HORSETO-MAN. The unnecessary vertices

particularly attractive in numerous domains. From scien-  will be used to represent the ngers appear-
ti ¢ applications (simulation or physical processes..9 t ing during the morphing.
animation (movie, games, morphing...), these time-varyin
surfaces are frequently used to represent and visualize
models or objects in motion. In case of static surface meshes, this problem could be
Deforming surfaces are most of times represented by denseasily solved by applying one of the numerous existing
triangular meshes sharing the same connectivity. The shapsimpli cation algorithms [9, 10, 8]. For a complete
deformations are simply obtained by spatially displacing overview, see [7, 15].
the vertices across the time. This representation has dJnfortunately, for time-varying meshes, the problem of
lot of advantages (fast visualization processing, simple simpli cation has been rarely addressed [19, 13, 16, 4, 11],
data structure, storage), but only for speci c surfacee lik and adapting static mesh simpli cation algorithms to
surfaces undergoing few non-rigid deformations. surfaces with strong non-rigid deformations is inef cient
For surfaces with strong non-rigid deformations, the stati (see g. 3(b)). Recently, a relevant method based on



Figure 2. The morphing sequence HORSETO-MAN is represented by a time-varying mesh with a static
connectivity (17489 vertices, 34974 triangles)..

connectivity transformations has been proposed for suchtopology and any shape deformation. Unfortunately this
surfaces [11]. Despite of this, some ne details appearing scheme is complex, and cannot be easily handled, even if
during the animation are not always well-preserved eventhe time-varying mesh has a xed connectivity [18].
with this method (see g. 3(c)). The main reason is
that a connectivity transformation is not suf cient, when Mohr and Gleicher [16] directly adapt the simpli cation
constrained by a xed geometry sampling. algorithm for static meshe3slim [8]. They sum for each
vertex the quadrics relative to its different positionsidgr
We therefore propose a new simpli cation method based the animation, before applying the decimation sequence.
on a dynamic geometry sampling, for complex deforming This approach produces a single multiresolution hierarchy
surfaces. The principle is to compute one coarse version offor all the frames. Consequently this technique provides
the mesh at the rst frame, and then to progressively updatea good approximation of the original time-varying mesh
the coarse sampling during the animation (by adding or only when the original surfaces do not present strong
removing vertices), in order to well approximate the mesh deformations or ne details.
at any frame, while preserving appearing details. Decoro and Rusinkiewicz [4] propose a view- and
pose-independent method for simplifying the skeletally
The rest of the paper is organized as follows. Section 2 articulated meshes. This technique is ef cient but limited
presents the previous works related to simpli cation of de- to very speci c kinds of shape deformations.
forming surfaces. Section 3 introduces the problem state-
ment and the approach proposed in this paper. Section In parallel, Kobbeltet al. [13] modify the classical
4 deals with the simpli cation technique used to compute concept of multiresolution representation by no longer
the coarse version of the mesh at the rst frame. Section requiring a global hierarchical structure linking the lesve
5 presents the updating scheme based on dynamic geomesf details. Contrary to the previous works, this approach
try sampling providing time-varying approximated meshes. modi es the connectivity during the animation, and pro-
Section 6 gives some experimental results. We nally con- duces a better approximation of the original surface at any
clude and present some future works in Section 7. frame. The idea was to implicitly represent the details by
using the geometric difference between independent ap-
proximated meshes. The details are computed by shooting
rays in normal direction from one surface to another one.
Unfortunately, considering only the normals to compute
Shamiret al. [19] are the rst to adress the problem the details limits the ef ciency of the method. very speci c
of simplifying ef ciently deforming surfaces. They pro- kinds of shape deformations.
pose a global multiresolution structure named the TDAG
(Time-dependent Directed Acyclic Graph) which allows to More recently, Kircher and Garland [11] propose a mul-
represent any time-varying mesh, at any level of details. tiresolution representation with a dynamic connectiviay f
This structure has the advantage to accept any arbitrarydeforming surfaces. Their idea is to produce a coarse ver-

2. Related works



(a) Original last frame: 17489 vertices. (b) Static connectivity approximation (3200 verc) xed geometry sampling (3200 vertices).
tices).

Figure 3. Approximating a time-varying surface with method s based on single static connectivity
(g. 3(b)) or xed geometry sampling [11] ( g. 3(c)) does not preserve the appearing ne details.

sion of the rst frame and then to adapt this base mesh with So, even if the edge swaps due to the reclustering are
a sequence of update transformations to produce a goodlearly ef cient, the results are not optimal for shapeshwit
approximation for the other frames. The update operationstrong local deformations when a xed number of vertices
consists in edge swaps, due to a reclustering [7] of the dec-s used during the simpli cation.

imated vertices. This method seems to be particularly ef-

ci.ent because of its connectivit.y transformation_. _Firyall One solution to overcome this problem is to allow a non
this m(_ethod parallels the tgchnlques of connectivity trans yaq sampling of the geometry. In other words, additional
formations for mesh morphing [14, 1, 2]. vertices could be added in regions where ne details appear

[14]. In parallel, some vertices should be removed where
3. Problem statement and proposed approach  details disappear during the animation. Hence, a more
accurate approximation for any frame is obtained.
By considering a non xed geometry sampling, the extreme

. ; . ) .~ and naive solution is to compute an entirely new simpli ed
tion, the method of Kircher and Garland is particularly in- mesh at each frame. But this solution is irrelevant, since

Ferestm_g [1.1]' Its main advantage is the potential coriect it does not exploit the temporal coherence of the data and
ity modi cation (edge swaps) of a coarse mesh at any frame.

adapted to the shape deformations during the animation. It%?cl\rﬁnsg sszl:gscgg)pleasant visual artefacts (vibrating and
The limitation of this approach is due to the fact that the '

connectivity changes are restricted to edge swaps, and that

the geometry sampling is xéd This results in two draw-
backs:

Among the techniques introduced in the previous sec-

We therefore propose a new simpli cation algorithm
for deforming surfaces, based on a dynamic geometry
sampling. This method preserves ne details appearing
some ne details appearing with the shape deforma- during the animation, without computing an entirely new
tions are not well preserved since no vertex is added approximation hierarchy at each frame. The idea is to
during the animation. We observe this drawback on create a coarse version of the rst frame, and then to
ngers on the last frames of the sequent@rRSETO- progressively update the base simpli cation hierarchy for
MAN (Fig. 3); the subsequent frames by changing the geometry sampling.

In other words, we propose to automatically add or remove
on the other hand, some vertices relative to details dis-some speci ¢ vertices according to their relevance at any
appearing in one frame are unnecessarily kept in nu-frame. This can be done by a ne-to-coarse updating
merous frames. scheme, contrary to [11], which uses a coarse-to- ne one.

1in parallel to our works, the authors have introduced in [d2rtex ) ) ) )
teleportation method that is also meant to solve this proble The overview of the proposed algorithm is the following:



1. simpli cation of the rst frame (until a user-given sequence of edge contractions de ned at the rst frame
number of vertices is reached). The associated deci-to all the subsequent frames produces bad time-varying
mation sequence will be considered as the base simpli-approximations, as pointed out in [11]. Since this sequence
cation at the next frame; depends on the positions of the vertices at the rst frame,

this is not adapted any more for the other frames.

We therefore propose a progressive updating scheme of

the base hierarchy to adapt the sequence of contractions

for each mesh, in order to obtain an accurate time-varying
approximation at any frame. The originality of our

3. once the previous simpli cation partially applied at approach is to detect the ne details appearing at some
this frame, the resulting simplied mesh obviously frame, and then to preserve them thanks to geometry
have more vertices than the previous one. So, we pro-sampling transformations across the time. Consequently,
pose to remove additional vertices until the xed num- the undesired oversampling when details appear/disappear
ber of vertices is reached. (as illustrated in Figure 1) is automatically removed in all

other remaining frames.

2. for any given frame, we apply the simpli cation of the
previous frame on the given mesh while testing if dec-
imations would eliminate some appearing ne details.
Such decimations are not applied at this frame.

4. Creation of the base hierarchy

) ) _ ) Let us consider now the mesh; and its simpli ed ver-
In this paper we only focus on manifold time-varying sionM? (1  f). The principle of our method is to apply

meshes. Let us de ne the deforming surf&eepresented .o reference contractiofied ,gonM; only if the costs

by a sequence of meshes sharing the same connectivity; < . .
S = fMo: My g. The rst stage of our algorithm is to f cost g at this frame do not differ too much from the costs

simplify the meshM o by applying a sequence nfdecima- f_COSff 19 a_t the previous fr?mé L Ifan t_adge contrac-
tionsf dec,gi ot 0. = tion wogld |_ntroduce a too important addmo_nal cost, the
" contraction is not applied ol . Hence, we aim to detect

_ oagny deco too qdecg 2 decd g and preserve appearing details, and we obtain a simpli ed
(Mo=Mg) T mg +7F° ? Mo: (1) meshM " ™, with m the number of still valid contractions
M represents the simpli ed surface at the rst frame. As (m n).
simpli cation technique, we choose tligslimalgorithm of To estimate the cost evolution for a given edge contraction,
Garland and Heckbert [7]. To evaluate the approximation the relative errorser} between the reference cost and the
error relative an edge collapsee( the costof removing A
this edge), we use the simple unweight@dadric Error costy , t present,
Metric (QEM ) [8] Moreover, to ensure that our algorithm to evaluate the cost evolution, we Slmply use a user-given
produces time-varying approximated meshes preserving théhreshold :
topological type at any frame, we add the topology test
proposed by Det al. [5] to the Qslim algorithm. This ~ cost cost
test determines if an edge collapse produces non-manifold er; = Tt 1
meshes. This stage provides the simpli ed versid§ of cost 4
the rst meshMyg, but also determines the base hierarchy
that will be progressively updated to simplify the follow- nom . .
ing meshes relative to the deforming surfac&his refer- The meshwf ObY'OUSIV has. more vertices thgn the ap-
ence hierarchi, is de ned as the set of edge collapses proxmate_dM P since potentially Iesg contrac_tlons have
fed ot oxen 15 applied on the meshl, and the associ- been applied at this frame. If we want time-varying approx-

2

. i cost} cost} ;.
new one Is Computedel’f = —

(2)

ated contraction cost£ost,gist g::n " imated s_urfaces wifch a xed num_ber of verticds, m)
contractions are missing to obtain the vertex count of the
Ho = f(eq *;cosfy ');::(eq;cosg)g: coarse mesiv? . We therefore make some additional
contractions oM’ ™ by applying the simpli cation algo-
5. Updating scheme rithm presented in Section 4, until the objectiveroéon-
tractions is reached.
5.1 Principle We nally obtain for each frame a sequenceroédge col-

. lapses depending of the reference hierarchy, allowing a mul
~Once the coarse mes¥§ obtained, we have to deal tiscale representation of the input deforming surface.sThu
with the other mesheM 1, M2... Applying directly the  time-varying surfaces can be displayed, at any level of de-

2This step corresponds to the functismplify(M § ,n) in the pseudo- ta_uls and at any frame. the pseudo-code of our approach is
code given in Section 5.1, page 5. given below.




1: (MQ;Hy) simplify(M o,n);

2.forf =0toT 1do

3 m 0

4. fori=n 1to0do

5 cost computeCo$M+ .e¢ ,);
.. Cost; cost;

6: if W < then

7: an m e!CIf 1an m 1

8: eq" | eG

9: m++;

10: end if

11: if n 8 mthen

12: (ME; Hy) simplifM{" ™,n m);

13: end if

14:  end for

15: end for

5.2 Choice of the threshold value

This algorithm involves that a set of edge collapses is
common during the simpli cation of subsequent meshes.
The number of common collapsed edges mainly depend
on the user-given threshold On one hand, a too high
value for provides that most of collapsed edges of the

reference will be good at any frame. In that case, we would

obtain only one single hierarchy for all frames, leading to

the well known bad approximations at some frames. On

the other hand, a too small value fowould tend to create

an entirely new hierarchy at any frame, causing unpleasan

visual artefacts (vibrations and twitching surfaces), and
increasing signi cantly the time computation. Thus the
choice of is essential.

At present, the threshold value is user-given, but some
other solutions are possible in order to compute it auto-

matically. Unfortunately all these solutions would incsea
the computation time. At least they would need some

pre-computation time. For example, one could estimate a

threshold value empirically by applying a xed number of
edge contractions for some arbitrary frames individually

and then taking a mean value of the resulting thresholds.

Many variants of this procedure cam be imagined. Also
more sophisticated statistical models can be used.

Another possibility would be to replace the current static

S

treating the meshes as they come in (such a scan-based ap-
proach enables a memory cost limited to the one needed to
store only one frame). The same argument holds for some
more sophisticated error measures, since the on-line pro-
cessing would not be possible anymore, and the time ef -
ciency would globally suffer.

5.3 Time complexity

In this section, we discuss the time complexity of our
approach. The rst step corresponds to the functim-
plify producing the coarse mesh{ and the reference hi-
erarchy. This function is th@Slimalgorithm improved by
the topological type preservation technique of [5]. Thues th
complexity of this step is the complexity of tl@Slimal-
gorithm [6],i.e., O(n logn) (by assuming tha®(n) can-
didate edges are selected). This complexity is due to the
handling of the priority queue.

For any subsequent frame, the estimation of the cost
evolution given by (2) require®©(n) time. Collapsing
the m edges verifying (2) takes onl@(m) time, since
a priority queue is unnecessary at this step. Then, the
complexity of applying thén m) additional contractions
with the function simplify used for the rst frame is
O((n m) log(n m)).

In the best casd,e, (m = n), the updating scheme only
requiresO(n) time. In the worst casei.e, (M 0),
the complexity of the updating scheme for one frame is
approximatively equivalent to the complexity of producing
the rst mesh:O(n logn).

inally, by assuming that the deforming surface is rep-
resented byT meshes, the overall complexity of our
algorithm in the best case@(nlogn + (T 1) n),and
in the worst case, iI®(T nlogn).

In section 5.2, we discussed the ef ciency of our algo-
rithm, which depends on the threshold value of (2). Note
that the time complexity depends on this value as well, be-
cause of the output paramefer m). The best case of the
time complexity (n = n) corresponds to the highest thresh-
old value, whereas the worst case € 0) corresponds to
the lowest threshold value. In the examples given in section
6 for instance, the mean ratib-™ along the sequence is
always less thaf:5%. For these examples, we tend to be in
the best case, meaning that the complexity of this example

isO(nlogn + T n).

threshold by a variable one, in order to take into account
more accurately the local shape deformations. To do this,
it would be necessary to look at the entire sequence, or a. Results

least a large number of frames. Such a threshold would be

an advantage for surfaces with few deformations, since this In this section we present some experimental results rel-
avoids some potential ickering due to collapses close to ative to our algorithm. First, Figure 4 compares the origina
the threshold value. However, a relevant argument for usinglast frame of the time-varying surfaceORSETO-MAN

a static threshold is the possibility of on-line processirgy (200 frames, 17489 vertices and34974 triangles) with



(a) Original right hand. (b) Approximated with [11]. (c) Approximated with our method.

(d) Original feet. (e) Approximated with [11]. () Approximated with our method.

(g) Original head. (i) Approximated with our method.

Figure 4. Comparison of the original last frame of the time-v arying surface HORSETO-MAN (200
frames, 17489vertices and 34974triangles) with approximated versions ( 3200vertices and 6396tri-
angles) obtained with [11] and with our method ( = 0:2). We observe that the ne details are well-
preserved with our method based on dynamic geometry samplin g.



Figure 5. Time-varying approximation of one "hoof”. The red triangles correspond to the triangles

appearing during the animation, thanks to our dynamic schem e. Atthe rst frame, the oversampling

of the original hoof has been strongly removed. On the other h and, observe at the other frames the
additional vertices in this region, allowing to preserve th e ngers appearing during the animation.

approximated versions3200 vertices ands396 triangles) tained at the rst frame for all the subsequent frames;
obtained either with [11] or with our method £ 0:2). We
observe that the regions with ne details appearing during
the animation (head, hands, feet) are better-preserved by

"independent hierarchy” is applying an independent
simpli cation at each framd,e., the "optimal results”;

our algorithm. This is due to the fact that our updating "Kircher-Garland” corresponds to the method based
scheme based on dynamic geometry sampling takes into  on connectivity transformations and static geometry
account the local shape deformations. sampling of [11].

the 3 other curves are using our method with different

Figure 5 shows the evolution of one of the hoofs
values for .

simpli ed with our method. The red triangles correspond

to the triangles appearing during the animation. Atthe rst The resulting approximations have respectiva00 and
frame, we observe that the oversampling of the original 704 vertices for theHORSETO-MAN and the ©w. We
hoof has been strongly removed. On the other frames,opserve that our method provides signicantly better
some additional vertices only appear in order to allow results than the "static hierarchy” method, for the two
good approximations of the ngers appearing during the data. Moreover, as expected, the lower the threshold value,
animation. the higher is the quality of the approximated surface.
In addition, Figure 6 shows several frames of HeRSE Furthermore, this is not surprising that our method prowide
TO-MAN sequence approximated with our method, at sjightly worse results than the method of [11], when the
different levels of details 6000vertices (rst row),3200  same number of vertices is xed. This was expected, since
vertices (second row), ar@D0vertices (third row). We can  the main objective of our method is to preserve ne details,
observe that the appearing ne details are well-preservedand not to minimize the global error. Preserving regions
whatever the desired level of details. with appearing details implies that less vertices are kxtat
in the other approximated regions. The global error is thus
To evaluate the ef ciency of our approach, Figure 8 gives higher. Nevertheless, from a distortion point-of-viewy ou
the evolution of the(RM S error (normalized by the bound- method provides good results.
ing box diagonal of the original meshes [3]) for two differ-

ent sequencesyORSETO-MAN and Gw (2904 vertices, Moreover, to underline that a dynamic geometry sam-
5804triangles, see Figure 7), according to different simpli- pling do not cause unacceptable visual artefacts (vilratio
cation methods: or twitching surfaces, see Section 1), Figure 9 shows

the number of triangles appearing at a given frame (in
"static hierarchy” is using the decimation sequence ob- comparison with the previous one) for the two sequences.



Figure 6. Time-varying Approximation of the HORSETO-MAN sequence, at different levels of details :
6000vertices (rstrow), 3200vertices (second row), and 800vertices (third row).

As expected, the number of appearing triangles is in- threshold = 0:2), and the approximated sequence when
versely proportional to the threshold value. We can also using an independent hierarchy at each frame.

observe that the number of triangles appearing between

two successive frames is obviously lower than when using

an independent simpli cation at each frame (dark blue 7 Conclusions and future works

curves). As discussed in section 5.2, there is a risk of

creating undesired vibrations and twitching triangles due In this paper, we have presented a simpli cation method

to the dynamic geometry sampling (in particular when the for deforming surfaces based on dynamic geometry sam-

threshold value is small), but in practice our method leads pling. Given a sequence of meshes representing time vary-

to relatively smooth connectivity changes, and nally the ing 3D data, our method produces a sequence of simpli-

resulting visual artefacts are not important. This is due to ed meshes that are good approximations of the original
the fact that the appearing triangles are geperally smalleryatormed surface for a given frame. A sequence of edge
than the other ones at this frame. The visual artEfa_‘CtScollapses is computed for the rst frame only and is then
are th_erefore r_nln|m|zec_i. As a proof, th? accompanying adapted by a ne-to-coarse updating scheme which fully
material contains two videos, the approximated SEqUENCEakes advantage of the temporal coherence of the data. This
HORSETO-MAN resulting from our method (3200 vertices, method is fast, easy to implement and produces good ap-



Figure 7. Several frames of the original sequence Cow.
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Figure 8. Evolution of the normalized RMS error per frame. Co mparison of our method (for three
different threshold values ) with some alternative methods for the sequences HORSETO-MAN and
Cow.
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Figure 9. Number of varying triangles between two successiv e frames for our method with three
different threshold values in comparison with the independent hierarchy method.



proximations at any frame. The dynamic geometry sam- [8] M. Garland and P. S. Heckbert. Surface simpli cationngsi

pling enables in particular to well preserve the ne details
appearing during the animation. The problem of undesired

oversampling of some mesh frames in order to represent [©

appearing/disappearing ne details with a xed mesh con-
nectivity doesn't occur with our method. Moreover, the

[10]

progressive representation of each mesh allows to display[ll]

the deforming surfaces at any level of details, at any frame.

Several examples and video have been produced in order to

illustrate and to analyze the present algorithm. The tech-
nigue also enables to create time-varying approximated sur
faces with regular quality. All we have to do is to apply our
updating scheme until we obtain a user-given target quality
instead of the xed number of vertices.

Future research would include the application of the priesen
method to view-dependent simpli cation of deforming sur-
faces. In fact, the use of edge collapses and the simplic-
ity of the multiscale data may also permit to implement an
ef cient view-dependent simpli cation algorithm [17] for
deforming surfaces.
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