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LEVELS-OF-DETAIL GENERATION METHOD FOR SKELETAL MESHES

Abstract. This paper is devoted to the development of an algorithm for Levels-Of-Detail genera-
tion from skinned meshes. Animated meshes, unlike static ones, cannot be simplified without
redistributing or recalculation bone weights. In some cases, objects of rendered scene have re-
dundant details. It happens when their size on a screen, the distance from a virtual camera and
other factors are such that there is no sense to display these objects in their full complexity, as it
may significantly impact time for rendering one frame. One of the solutions is to create a set of
Levels-Of-Detail for each object — a set of meshes and/or texture which represent same object,
but with lower level of detail — and change the original object with them, when it is necessary.
The simplification of visual models is especially important for visualisation of digital twins of
real-world objects, subjects, or processes within the digital twin technology. An analysis of exist-
ing algorithms for Levels-Of-Detail generation for animated meshes is presented and discussed.
An improved method for Levels-Of-Detail generation is introduced and discussed. The proposed
method is based on Houle and Poulin animated mesh simplification. However, there are the fol-
lowing core differences in the proposed method: weights of resulting vertices are interpolated,
not just copied; multiple poses are used for simplification input. These new features allow to
achieve the animated meshes simplification without significant drawbacks in animation quality
and mesh optimization.
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Problem Statement. Animation is an important part of visual model-
ling in many application areas where objects to be visualised have dynamically
changing shape and/or position. One of such application areas concerns im-
plementation of a digital twin technology [1]. A digital twin is a complex
model of a physical twin which is a real-world object, subject, or process. The
digital twin as a complex model includes two essential parts, namely, a visual
model and a behavioural model [2]. The digital twin visual model requires
animation because the dynamicity is an obvious feature of any digital twin.
The process of digital twin visualization is based on the real-time rendering.
However, sometimes objects of rendered scene have redundant details. It
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happens when their size on a screen, the distance from a virtual camera and
other factors are such that there is no sense to display these objects in their
full complexity, as it may significantly impact time for rendering one frame.
One of the solutions is to create a set of Levels-Of-Detail (LODs) [3-10] for
each object - a set of meshes and/or texture which represent same object, but
with lower level of detail — and change the original object with them, when it
is necessary. The creation of LOD meshes is a resource-intensive process
which requires a work of a professional artist. For this reason, the topical task
is the creation of methods for mesh simplification. The method proposed in
this paper is derived from the method of Haule and Pauline [10], but with im-
provements such as recalculating weights of resulting vertices and taking into
account multiple poses of the original mesh. This method can be employed
not only as a part of digital twin technology but for any other applications
where skeletal animation is required.

Analysis of Recent Researches and Publications. Most methods for
articulated meshes simplification [3-8] work with edge collapse that makes it
easier to calculate weights of the resulting mesh. Edge collapse is a method of
simplifying a mesh when an edge of the mesh is contracted into one of its
points. As a result, two triangles and three edges are removed from the mesh.

Among all methods [3-13] analysed in this research several methods
are the most interesting. Thus, a method offered by Huebner [9] is based on
collapsing each edge only to one of the extreme points — vertices which make
the edge. This makes it trivial to calculate other attributes of resulting mesh
and allows all vertices of the mesh to reside of memory, and just use a fraction
of them to display polygons. Resulting technique offers a multi-resolution
representation of mesh manageable in real-time. Fuhrmann and Schmalstieg
[10] propose to decompose a mesh into regions, where vertices of each region
correspond to a common set of bones. Edges are collapsed only between verti-
ces of the same region; adjacent regions only affect each other when vertices
on the edges of a region are collapsed. Both methods [9, 10] effectively use
only a subset of vertices of the original mesh. The advantage of such approach
is that all the vertices of the resulting mesh are vertices of the original mesh
meaning all their attributes stay valid. This approach may decrease the quality
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of resulting mesh, since it forbids optimization of vertex position during the
LOD generation. Also, they do not benefit from such software optimizations
as face encodings.

The method proposed by Houle and Poulin [11] fixes problems of pre-
viously mentioned methods [9, 10]. In order to build simplified mesh, the
mesh is firstly simplified as if it was static, using any edge collapse technique
with progressive meshes. Progressive meshes are the bases of the LOD meshes
display method [12, 13] which uses a special data structure — progressive mesh
- to choose and display the best possible LOD mesh for a current mesh. The
general idea of the progressive mesh can be described in the following way:
the progressive mesh has two operations which can be applied to it — ecol
(edge collapse) and vsplit (vertex split). Ecol collapses an edge with the use of
predetermined algorithm. Vsplit is converse to ecol, it returns a structure to
the state before previous ecol (Fig. 1).

Figure 1 - The illustration of ecol and vsplit operations [12, 13]

In the method proposed by Houle and Poulin [11] an articulated mesh
first is simplified as a static one, in its binding pose, constructing a progres-
sive mesh. All vsplit operations from this progressive mesh are copied into the
articulated mesh and are interpreted with respect to the mesh skeleton. Since
a vertex can move after an edge collapse, its position is backpropagated to
other vertices through vsplit operations. Weights of the resulting vertices are
not changed: the initial values are carried through the simplification process.
The result of this method is an articulated mesh which has all attributes pre-
served and continuous LOD representation. This approach does not address
reassigning new weights and only uses one pose of the original mesh to con-
struct an LOD mesh. It may result in visual artefacts during animation of the
mesh.
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Thus, the analysis of existing methods related to the task of LOD gen-
erations allows us to conclude that the development of new methods of ani-
mated mesh simplification is a topical task.

Formulation of Research Objective. The objective of this research is
to develop a method of animated meshes simplification without significant
drawbacks in animation quality and mesh optimization.

Presentation of the Main Research Material. The proposed method
is based on Houle and Poulin animated mesh simplification [11]. However,
there are the following core differences:

Weights of resulting vertices are interpolated, not just copied;
Multiple poses are used for simplification input.

To start simplification, an articulated mesh in its binding pose and
several its copies in different poses, preferably, extreme poses for all bones,
and several poses in-between are required. For each of those poses, we need
to choose the best edges. It can be achieved by using a memoryless implemen-
tation of the quadric error metrics [14-16]. The threshold parameter for error
selection t is set to zero, so no non-edge decimation situations occur. This is
needed to build a progressive mesh. We choose an edge and a new vertex posi-
tion with the least error. This edge is collapsed on this pose, and the change is
propagated to all other poses. Essentially, this divides the resulting errors be-
tween different animations.

For edge contraction, we use the quadric error metric proposed by Gar-
land in [18]. An error at the vertex v =[v,v v 1] is defined as the quadratic

form A(v)=v Qv . For contraction v v ,, the matrix Q’'=Q, +Q, is used. The

position of v’ can be found by minimizing the value of Av ' which can be done
by solving the equation:

— —-1 R
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To calculate a bone weight of the resulting vertex we use a weighted

sum. Let us suppose that v, and v, are vertices on the edge, v’ is a vertex

which is resulted in the collapse of this edge, w ,, are weights of v, of bone i,
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/
;

w,; are weights of v, of bone i, w', is a weight of resulting vertex v’ of

bone i . Then, the weights of this vertex can be calculated as follows:

; (2)

for each bone i , where v v ,| is a distance between points v, and v ,.

o / /
w = w“Hvlv H /Hvlv2 H + WZI.HVZV H /Hvlv2

It is important to do this for each bone, since the sum of the weight for
each vertex should always be equal to one. If we wish to remove weights
which do not have any significant impact on the vertex, we need to normalize
the resulted vector of weights. After this, the process is repeated, until the de-
sired mesh complexity is achieved. The number of iterations for this is trivial
to calculate, as each iteration destroys two triangles and three edges.

The resulting method can be described as follows:

1. An animated mesh is set to its binding pose, extreme bone posi-
tions, and multiple poses in-between.

2. For each vertex matrix Q is calculated.

3. An optimal point v’ for each edge is calculated.

4. An edge with the minimal error on all poses is chosen.

5. This edge is collapsed on a mesh with lowest error; this change is
applied on all other poses.

6. A bone weigh of the resulting vertex is calculated as a weighted sum
of the parent vertices where the weight is a ratio of the distance of its parent
vertex to the distance between them.

7. The cost of changed pairs is recalculated.

8. The process is repeated until a mesh of the desired complexity is
achieved.

In the articulated meshes obtained as a result of this method, an over-
all shape and detail are preserved during an animation and small details, like
individual fingers, start to lose their shape only on very low triangle counts. It

can be noticed in Fig. 2.
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EEEE)

Figure 2 - The result of applying the proposed method to an animated mesh;
the triangle counts from left to right: 5546, 4700, 2800, 1500, 550

To evaluate the difference between both the original and the simpli-
fied mesh, the error metrics described by Garland [18] and modified further
was used:

1 2 2
Ei (X, +lx, )B)(vzd vM)r 2w ’M”)J’ ©

eX, veX;

where X and X, are sets of points sampled on M, (the original mesh) and
M. (the simplified mesh); v is a point of the set; d v ,M) is a distance from
the point v to the closest point on the mesh M ; B is a length of the mesh
bounding box diagonal.

The method can be implemented as it is shown on Algorithm 1.
Algorithm 1. Simplification of articulated mesh

Input:

The articulated mesh M, with a set of ver-
tices Vv, a set of weights w, a set of
triangles t ;

The desired number of triangles on the
simplified mesh ¢ which is smaller than

the size of t.

Output: An articulated mesh M, with the
desired triangle count.

While size of t>c, do:
For each Vv, eV :

Al =v Qv

=~

For each v,, Vv

Q'=Q, +Q,

=~ =~

;» on same edge:

8 ISSN 1562-9945



«CucreMHi TexHosorii» 6 (125) 2019 «System technologies»

) L
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For min(A’) from contraction v,,v, :

Remove V,,v, from v
Add V' to v
w=w, v/ v, |+ w,

/

vy ‘v.v H
m 1 m

The bounding box was added to normalize error results to a size of the
mesh. The experiments were carried out by using a computer with Intel®
Core™ i7-4810MQ processor clocked at 2.8 GHz. The proposed method has
been applied to articulated meshes. As a result of the experiments, it was
found that the time elapsed for simplification of this mesh from 5546 triangles
to 310 triangles is 300 ms on single thread. The resulting error is shown in Fig.
3. The obtained results confirm the quality of the method.
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Figure 3 - Error of mesh simplified by using the proposed method

Thus, the developed method can be used for applications where the
simplicity of 3D models is important for ensuring real-time rendering. In digi-
tal twin technology it can be used for preliminarily view of a physical twin
model to be resulted in a digital twin visual model. In this case, the procedure
of a digital twin visual model creation includes the following main stages:

1. Appearance data measuring/estimation;

2. Template model individualisation,;

3. LODs generation;
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4. Template model previewing;

5. Physical and digital twins matching.

The use of LODs generation in the procedure of the digital twin visual
model creation enables decreasing the workload on computational resources.
It can be especially important in cases when a physical twin has a complex
shape and requires simplification while its previewing that needs to be carried
out without visualisation artefacts appearance.

Conclusions. The proposed method of skeletal meshes simplification
can be applied to any animated mesh and enables mitigating the problems
which other existing methods suffer from. It is achieved by recalculating
weights of resulting meshes and splitting the error between different anima-
tions. The method presented in this paper can be used in many application ar-
eas including digital twin technology applications, especially in cases when
computation resources are limited.

Since the method relies on skinning, the further research should be fo-
cused on studying both interactions with skinning methods, including dual
quaternion skinning, and optimal choice of input poses number.
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Memoo 2enepayii pisHis demanizayii 0na ckenemuux mooenel

Y yiti cmammi supiwyemscs npobema cnpouseHHs aHiMosaHux modenell 31 ckesemom ma
CMmBOpeHHs pisHiB Oemanizayii 018 Hux. CnpoujeHHsa Bi3yanbHUX Mooeseli 0CO6IUBO BAXKIIUBE,
KOIU 064UC/IIOBANIbHI pecypcu € obmexeHumu. Y uili cmammi HaBoOSMbCA Ma AHAMI3YOMbCA
mMemoou CmBopeHHs pisHig Oemanizayii 015 aHiMosaHux Modenell. [lpedcmasneHo i 062080peHO
nokpauweHul memod 2eHepauii pisHis demanizayii. BiH 00380/15€ cnpoweHHS GHIMOBAHUX MeWis8
6e3 icmomHux HeOoNIKI8 8 AKOCMI aHiMayi.

Levels-0f-Detail Generation Method for Skeletal Meshes

This paper is devoted to the development of an algorithm for Levels-Of-Detail generation
from skinned meshes. The simplification of visual models is especially important when
computing resources are limited. An analysis of existing algorithms for Levels-Of-Detail
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generation for animated meshes is presented and discussed. An improved method for Levels-0f-
Detail generation is introduced and discussed. It allows to achieve the animated meshes
simplification without significant drawbacks in animation quality.

Cynema €BreHiss CraHiciaBiBHA — K.T.H., JIOLIeHT Kadeapu IporpaMHoOro 3abesrie-
YeHHS KOMIT I0TepHUX cucTeM HallioHa/JIbHOTO TEXHIYHOrO yHiBepcuTeTy YKpaiuu «Ku-
iBCbKMI MOMITeXHIUHMI IHCTUTYT iMeHi Iropst CikopcbKOTo».

Jlocb Irop AmHaTomiiioBM4 - MaricTpaHT Kadeapyu IPOrpamMHOro 3abe3nedyeHHs
KOMIT'IOTepHUX cucTeM HallioHa/JIbHOTO TeXHIYHOTO YHiBepcuTeTy YKpaiuyu «KuiBcbKmit
MOJIITeXHIYHMI iIHCTUTYT iMeHi Iropst CikopCbKOTro».

Cynema EBrennsi CraHMJIaBOBHA — K.T.H., IOIIeHT KadeIpbl MPOrpaMMHOT0 obecrie-
YeHVs] KOMIIBIOTEPHBIX CUCTeM HallMOHa/JIbHOTO TeXHUYECKOr0 YHUBEpPCUTEeTa YKpau-
HbI «K1eBCKMi1 MOMUTEXHNYECKUIA MHCTUTYT MMeHU ropst CUKOPCKOTO».

Jlocb Uropp AHaTOMBEBMY — MaruCTpPaHT KadeIpbl MPOrpaMMHOrO obecrieueHmst
KOMITbIOTEPHBIX CCTeM HalMOHa/IbHOTO TEXHUUYECKOTO YHMUBepcuTeTa YKpauHbl «Kue-
BCKUI MIOJIUTEXHUYECKMI MHCTUTYT uMmeHU ropsi CMKOPCKOTOo».
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