Introduction

Rizging feathers, scales, quills, tentacles, or other objects that are connected on 3 deformsable part of
the mesh such as the neck, spine, fail, or soft body can be a hard task, since rough the deformation no
mesh, the bomes should connect to, are sinmilated, have no bone strochare in genetal or move in uniquee
of tmrealistic ways. This canses objects to shide around and inbo the skin. This phenomenon will be
called “sliding™ in this paper.

For example: A dragon with biz, distinct feathers along the neck and spine, that should be confrollable
to show emotion. If the peck is bend doam, the bones that confrol the feathers, mwove exactly relative 1o
the vertebrate bone they are connected to. The skin, bowever, is weight painted. This means, while
part of the meck bends with a fallout in its prozimity, the feathers move in foll relston and would viso-
ally detach from the main body or slide across it This is seen during a8 walk animation in Fizg 1 and 2,
wihich are the the back plates of a stegosanms. from the zame ARK: Surival evoled The spines slide
out of their sockets, which are marked with the red line.

CG-Breakdoams or making offs hardly show the character ngs that were nsed. Sometimes it is possi-
hle to get a plirnpse at the animation g, which has all mechanica] bones hidden and ondy shows. whst
the mnimator is supposed to see. But the actual rig and rigping mechanics are raraly discussed. When
looking at 30 characters it can only be guessed what techniques were wsed to properly rig scales,
feathers, and other objects.

Background & Motivation

states m an interview that the dragons from Game of Thrones were inspired by animals
such 25 the sun zazer lizard, Tyrannosanms Bex bats, and hirds. [1] (How The 'Game
of Thrones' Dragons Were Designed (Insider 2019%). To better appreach the problem
with rigging parts of 3 charactsr on deformable sections of the mesh, Twill kook at some
real-live amimals where this problem conld ocour if they were to be nsed s inspirstion
or be recreated in the 30 world. The animals balong to umigoe sroups and have afl dif-
ferent bodies. To find a peneral solwtion it is crucial to understand the different needs
character rigs mright have. I foumd similarties in the spikes of a cuttlefish and the spikes
on the dragon Stormafly from the How to rain your dragon franchize Which shows a
good exanmple how spikes on deformable surface of an animasl is transferred to a creature
design.

Also look at creatres in movies and zames 5o see if the sliding problem ooours there too

and o analyse what solution might have been used In Fig. 3 and 4 the snimation g of

the dragons from Game of Thrones is seen. Notice how the frilled spikes Fie- ¥

along the neck and tail are a separate mesh and sesm to be rigged as

well. Upon clozer inspection (going throngh the shot frame by frame) no

sliding problem seem to ooour. Mot even the anmation controls are

chanzmg position across the deformable mesh These facts meke it like-

Ly that the bones to control the frilled spikes are somehow parented o

the deformable mesh. Fig.3 Fig. 4

Proposition: Parenting bones to vertices and use them as anchor point for a
rig set up

The second method worked best towards the papers problem. Having an anchor point on the mesh is
bone can be nsed. This way we always know where the feathers should be locsted on the deformed skin
when it is animated.

T paim the comrect rotation, I created a bone that is parented to the nearest neck vertsbrate bone. This
bone s the numniber 2 on Fig 5. This bone has 8 constraimt that mskes the bome to slways stretch to the
bones parented to the vertices, which are number 1 on Fig. 5. Now a relation between neck and skin is
made where lncation and rotstion data are

being penersted. The bones labelled munber 3

on Fig.5 are the bones used to conrol and de- G "
form the feathers. These hones are parented to | ;’.__ - e
the mmmber 2 bones tails, which point o the . . I..-l'.._!__ [ ::.:T::-”

exact same location as the mumber 1 skin 1kl 1l e
bones. In this state the feathers move camectty t T vy -
but do not rotate at all. What is left to do is to

spply a constraint to the feather bones
(number ¥) which copy the rotasion from the
stretched bones (mumber 7). In Fig. 5.
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Goal

Thus paper strives to find a general solubion for the problem. It anabyses amimals fo find a rele-
vance to why thes problem should be addressed. Then it looks at 3D characters. from vanons
movies and games to 1dentify possible teclmigues and methods being used to comferact
spikes, plates, quills and other shidmg over or into a deformable mesh Here it 15 important
that the feathers remam fresly deformable while moving comectly across the mesh. Mot onkby
should the feather behave correctly, but also the bones that make the deformation happen need
to follow correcty.

Thos paper tested methods maimby refers to mformaton and mechanies used m the free 30
software Blender but might be used as general knowledze smee 3D has certam simulantes
across soffwares.

Each method 15 tested on how far the feathers monre across the mesh m anination.
Even though m the industry there seems to be solutions already 1 use but he topic 15 hardly
talked about and thas paper recommends further research.

Approach

Mow to test the theory about parenting the bones to the mesh, T created a rig for a dragon character in blender. The dragon mode] and
texture were made by my bachelor project team member Carina Heller
possible solutions were tested that conld have been nsed in the shown excamples. Each time a scale om the fexnire is marked red to m-
dicare how far the feathers move in the animation. The further the feather moves from the red marked scale, the worse the problem
becomes. At the end I will use the method that worked best and oy to inprove o it
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1. Method: Parenting the feathers to the rig with sutomatic weights, the standard |
way. This serves as indicator if the other methods work or go mto the wrong di-
rection. The main problem with this is that the feathers can slide actoss the sar- M
face and even shrink as is seen in Fig. 11 And 12. fe.ll - Fig12
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2. Method: Vertex groups were created on which the feathers are parented to.

distance between the red marked scale and feather do not change in the gmma-
ton but at 3 certain poimnt the feathers will flick into seeminsly Tandom direc-
tions. Alsg a vertex is each needed whers a feather iz located

Fig. 13 Fig. 14

3. Method: A particle system, which bets the feathers move and rotate cormectly

bt offer lithe control over single feathers. To place the feathers in a particle sys-

Iy hinder the design process, were the anist wanis o place feathers with care and :_ﬂ-i-‘r Fig. 16
precision. A particle system is not slways transferrable between softwarss.

Evaluation

Parenting bones to the mesh works for character fesnmes such as the drazon, used in the tested meth-
ods, with the feathers. Bigger objects (like fexthers, quills, and scales), where sliding and other nowant-
ed behaviour can break the immersion, profit from this method. If there are still errors ooOmmng, every
feather is freely moweakle and single feathers can be adapted. As long as this remains in a small scale
and will mot affect all other objects in ifs proximity this is something that can be worked with.

There are some dowmsides though Bvery venex needs to be assizped to its own group, and every ob-
ject nesds at least 3 bones in this setup, where it mnst connect to said vertex group. This is a process
ihat is oot easily antomated and can be tedious, especially when there are over 71 feathers on the char-
acter. For this sefup to work the most perfect, it is required to have vertices on the body mesh where
each object is located. This can easily make rigging the character harder, or mess with the topology.
The drapon ng shown in the methods ended up bawing around 72 feathers on the neck, which is hard to
orgmmize. Each feather neads 3 bones, winch means there are 216 bones in total just for the feather set
up. The nearest verex was used to parent the feather, but this nright result into slight sberrations. This

Conclusion

It hiphly depends on the character if such a rig sef up is needed. If features like feathers or scales shonld
or quills. Then a particle system conld be the nght choice, but then it can still be argmed that spme bones
coald still be parented to vertices fo ensure the control bones move egual to the partcles they are sup-
posed to conirol.

It seems that this problem is somewhat addressed in the ndwsiry, since two out of thres example charac-
ter had no shiding. Having scales, feathers guills, and other featores on deformable mesh seems to be am
izsne creature characters are facing the most. This could be becanse nonanodd characters often do mot
possess 4 long neck or tails and the fact that most of the feanares could be inspired from the animal king-
dom.

Considening the low muonbers of examples and no official insights to the mechanicsl side of the nsed rigs
this paper servers as a direction fo the topic. Fuarther research and understanding can lead to more exact
and efficient ways to rizging.




