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4Planning a Modular Rig

Abstract
Planning and building a rig involves many processes that stay hidden and remain largely unknown.

The goal of this work is to surface, analyze and learn all of those steps, finding the most optimal way

to develop the characters for the fourth-year projects.

We will see that there are many ways to proceed, and that none is less valid than another. To know

how to proceed, you have to understand which techniques exist, what each character's actions and

limitations are, what its attitude will be, how much time is available and how much time there is before

layout begins. Once all of these concepts are under control, a rig can be designed at the level of the

character that will carry it.

All of this is explained in detail in the document that follows.
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Acronyms
ACES — Academy Color Encoding System

API — Application Programming Interface

FK — Forward Kinematics

FPS — Frames per second

GPU — Graphics Processor Unit

IDE — Integrated Development Environment

IK — Inverse Kinematics

PyCharm — Python-based programming IDE

Python — High-level programming language

TFG — Bachelor's Thesis (Treball Final de Grau)

USD — Universal Scene Description

UV — 2D texture coordinate space; U and V define the two components
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6Planning a Modular Rig

Introduction
This work focuses on the technical production of the fourth-year projects, specifically: Last in Battle,

Path of Sand and World Of Lost Things.

The areas covered are: rig, groom, pipeline and tools. For each one, the process followed, its

definition and the difficulties encountered are explained. The goal is not only to explain the process,

but also to expand on the more theoretical parts of the fields mentioned.

The resulting deliverables are 6 rigs — 5 bipeds and one quadruped — together with scripts and

utilities collected under the LS_MENU inside Maya.

A project on rigs prepared to capture mocap data, carried out jointly with Cardiff School of Art &

Design, is also discussed.

All concepts described in this document refer to and are drawn from the 3D software Autodesk Maya

2018.5.

The reel will focus on the rigging side, which is the part the work is most directed towards and to

which the most time has been dedicated.

General concept
Before tackling the area of rigging, we have to look at what it is, where it comes from and how it has

evolved.

Definition
Rigging is the part of 3D and VFX production responsible for creating the logical deformation

structures of a character. Using the program's resources, it is able to give the character the ability to

move “anatomically”.

It does not need to be anatomically perfect, nor to respect every rule of the character's anatomy. What

matters more is that the character has appeal. If the rules of anatomical mechanics have to be broken

to achieve this, the artistic license to do so can be taken.

A character built on a correct anatomical structure will have more accurate deformations than one that

is not. More variables come into play than just those belonging to the rig in order to make the

character work properly — variables that are not controllable within the department, such as design,

topology, groom and animation.
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7Planning a Modular Rig

Illustration 1: Body anatomy diagram by Andrew Loomis

Objective
We can define the main objective of the rig as giving the animator controls, attributes and tools to

bring expressiveness to the character.

It must be kept in mind that the geometry sculpted by the animator in the viewport will most likely not

be the one that goes to render; instead, it may pass through muscle systems, cloth, hair and shot

fixes.

On cartoon characters, care must be taken so that all deformations are clean and rounded, and so

that wrinkles serve to mark the lines of expression.

One of the important premises is that the rig must be able to run at 25 fps. This is problematic

because, however much the characters are optimized, everything depends on:

•  Number of characters on screen

•  Viewport display features

•  Object subdivision

•  Object visibility

•  Active deformations

•  Program evaluation (DG, Parallel, Serial)

•  GPU evaluation (override)
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8Planning a Modular Rig

Illustration 2: Diagram of node evaluation order inside Maya

Origins
The concept of rigging took a while to emerge in production, even though it was present from the very

beginning, even before 3D production began.

Rigging can be considered to start with the first stop-motion animations, when the need arose to be

able to articulate characters in order to optimize production and thus avoid building each figure for

each frame.

Little by little it evolved according to the needs of each production, moving from stop-motion to the

articulation of robots and spaceships in the first experiments of 3D production.

Illustration 3: Armature of the King Kong animatronic built by Ray Harryhausen (1933)
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9Planning a Modular Rig

Types and Techniques

By aesthetic

Focusing only on the 3D environment, two different typologies can be drawn out.

Realistic: All bodily and facial expressiveness is closer to reality. Cloth and hair are left for simulation

environments. From the rigging side, systems are provided to fake muscle deformations.

Cartoon: Expressions are more extreme; systems that give the animator the ability to draw whatever

shape they want with the character are applied more drastically. The concepts of squash and stretch

are more present.

Illustration 4: On the left is the wireframe of Gollum from “The Lord of the Rings” developed by Weta Digital, referring to
the display of a realistic geometry. On the right is Captain Charles T. Baker from “Planet 51” developed by Ilion

Animation Studios, showing one of the character's maximum deformations.

By relevance

We can find:

Characters

Leads (Hero/A). Those that appear on screen the most and that carry the most narrative weight.

They have the most advanced and customized deformation systems.

Secondary (B). Those that appear less frequently but interact with the leads. They have a complete

set of deformations, but not as extreme as the A characters.

Tertiary. They appear in the background or to fill the scene. They tend to be generic characters with

variations of clothing and hairstyles.

Props

Static. Based on pivoting systems, since they will serve for characters to grab or interact with them.

Animated. They have simple mechanical deformation systems.

Vehicles. They have systems for interacting with the terrain, in addition to advanced mechanical

deformation systems.

Directed simulation. Systems in which the animator has the ability to control the generic path of

each deformation but which, on top of that, have dynamic systems. Deformation or expression fields
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10Planning a Modular Rig

are applied to the dynamic systems, since this makes animation and final display easier.

By camera

Finally, they can also be separated by their proximity to camera: depending on the distance from

camera to character, a more complex or a simpler system will be designed.

Procedure

There are several ways to proceed when creating rigged assets. Depending on each production, the

most optimal method or methods to deliver the story are chosen. They can be rigs based on systems

of:

•  Several geometries modeling the deformations the geometry can reach

•  Heavy skinClusters with several deformation layers, where the joints hold the control

•  Attributes that drive various deformations of any kind

•  Limited cranks that drive deformations

•  Wire deformers in which dynamic controls live

•  Displacement of geometries by the movement of other, simpler ones (ShrinkWrap,

WrapReversed)

Apart from those mentioned, there are others that also generate interesting deformations on

characters. There is no single generic way to build a rig; it has to be adapted to the needs of each

production.

Joint-based rigs

This type of rig gives great freedom of movement in the controls, since they work from the

transformations of one or several controls that point to logical systems ending in the skinning joints.

Bone-based systems can be classified into two broad categories:

•  Following the rig

•  World-relative (Local)

World-relative systems

These types of systems are the most common in facial rigs. The logical and skinning system is

computed at (0,0,0) and is connected as a blendshape layer onto the body rig.

They allow the deformation computation to be split into several blocks and to have one layer for each

computation system.

Blendshapes

Shape-based systems are a type of world-relative system in which the shapes are modeled and

connected. They are very useful for facial systems.

Prerequisites
Before starting any rig, you have to consider which upstream departments are involved in the creation

of the asset and which are downstream. It is important to know where our data comes from and where

ours will go.

Currently we can find the following upstream departments:
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11Planning a Modular Rig

Modeling. Provides the input of the character's geometry. They will iterate many times on the

character. On some productions they also provide the facial deformation shapes.

Texturing. Handles the textures together with the UV unwrapping.

Groom. Provides the scalp pieces. In the case where the hair is pre-animated, the simulation curves.

And as downstream departments:

Animation. Uses the rig controls to bring expressiveness to the character.

Simulation. Uses the animated scalp geometries and the curves that were extracted from the groom.

It also uses the cloth animation to already have a base.

Shot Sculpting. Using the alembic file (.abc) extracted from animation, it corrects interpenetrations.

We must make sure that all the information coming in is in good condition and that what we deliver is

too.

The considerations to be made are the following:

•  Modeling geometry must have a smooth topology, where the loops are spread homogeneously

across the surface of the model and do not drift.

•  The topology must be straight: the straighter and more relaxed the topology is, the better

deformations it will have.

•  At the rotation points (elbows, knees, groin and shoulder) there must be a higher topology

density to compensate for the loss of it during deformations.

•  If the UVs are not in the first quadrant, a dedicated UV set for the rig will have to be made —

even automatically — so that tracking systems such as follicles can work without errors.

•  The scalp geometries should preferably have a topology similar to the geometry they are

attached to.

•  Groom curves should be separated by description and ordered in the outliner by groups.

•  Have a group in the rig containing only the clean geometry for cache.

Illustration 5: Example of facial topology, The Art of Moving Points
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12Planning a Modular Rig

Illustration 6: Example of topology loop flow on a cartoon man, author: Héctor Sanz DOrs

Creating the rig (Cases)
There are many factors involved in building a rig. They can be split into 4 areas:

•  Type of program to be used

•  Type of animation

•  Animator profiles in the animation department

•  Available technology

The type of program to be used defines which tools can be used. Not all programs have the same

tools; each one has its strengths and the things that do not quite work. Knowing the program to be

used also opens up a wide range of plug-ins that we can incorporate into the pipeline.

It is important to know whether the production can tolerate the use of plug-ins, since plug-in

performance often improves on the systems provided by the program itself and, in addition, noticeably

simplifies the bulk of the work. Plug-ins have to be compiled for each version of the program and of

the operating system, which makes their implementation difficult on productions that have different

machines.

The way of animating plays a very large role when preparing the character for animation. A realistic,

cartoon, semi-realistic, hard-edged or 3D stop-motion type of animation are not the same thing. There

are countless ways to animate and it must be clear which one is used in each production.

The animators' level of experience is another point that must be considered. Having a team where

most animators have a Junior or Mid profile is not the same as having a team in which the bulk of the

animation falls on people with senior or higher profiles.

On a team where most are senior or above, more advanced logical systems of joints, wires, etc. can

be used, taking the deformations to an extreme where the characters feel more alive and have fewer



Tra
nsla

te
d w

ith
 A

I

Tra
nsla

te
d w

ith
 A

I

Tra
nsla

te
d w

ith
 A

I

13Planning a Modular Rig

limitations. This can be done because a more experienced person will know how to adapt their

animation style to that of the production, making it harder to lose the character's appearance.

On the other hand, with a team of more junior profiles, the rig needs to be limited and not allow as

much freedom of movement in the deformations, since the chance of losing the character's attitude is

higher. The maximum deformations are therefore pre-established by the project's animation

supervisor. They can be stored in a pose catalog or already built into the deformations of the controls.

Technology keeps advancing, and year after year new paradigms are implemented that revolutionize

the way assets are produced. Currently, the field is moving towards parallel evaluation with threads

and the computation of deformations on the GPU. There are several animation and effects studios

that have been betting on this approach for years and have developed proprietary software and

plug-ins. In the case of “Pixar”, they have “Presto”, a system for evaluating scenes and characters

through geometry caching and the implementation of “USD” systems.

Character analysis
Before starting a rig, you have to observe how the model is built, what topology it has, what its

limitations are and what is wanted in the asset.

You also have to take into account all of the extras the character will and will not have. Doing too

much and investing time in systems that will not be used, or that are unnecessary, takes time away

from dedicating it to the necessary systems.

Doing the analysis well is very important, since the following phases are structured from it.

In the case of the project characters, we can analyze the following for each of them:

Ledyan (Biped/LIB): The body is mainly athletic and needs a rig so that the body mechanics works

correctly. In terms of facial expressiveness, it has little, so the facial can be more limited. As extras it

has: the arrow quiver, the arrows, the protections, the pauldron and the bracers. The clothing will be

attached on top of the body with skinning.

Yura (Biped/LIB): Essentially the same as Ledyan, and with less facial expressiveness due to the

kerchief covering the face. As extras, the shoes, the waist protections, the breasts, the pauldrons and

the bracers must be considered. The clothing will also be attached on top of the character.
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14Planning a Modular Rig

Illustration 7: The character Yura on the left and Ledyan on the right. Both from “Last in Battle”

Ekko (Biped/Path of Sand): The same as the other two bipeds as a base. This character has more

facial expressiveness, so it will need more care on the facial. As extras it has: the belt, the dagger, the

belt pendant, the cloth hanging from the belt, the cape, the buff, a clothing change in shot, and a

hood.

Monster (Quadruped/Path of Sand): In the shot it appears walking, so it will need a flexion system in

the rear and front legs, a scapula on the front leg and a clavicle on the rear leg, a breathing system, a

system to draw the tail into an appropriate shape, directed control systems on the tentacles and

automatic systems on the tentacles.

Leo (Biped/WOLT): Basic body and facial rig. The clothing will be simulated on top of the animation.

Druidac (Biped/WOLT): Basic body and facial rig. The clothing will be simulated on top of the

animation.

Nut (Robot/WOLT): A character with a certain relevance in the project. Since it is not a biped, it will

require a custom rig in which it can move and where the arms articulate elastically. A lot of

expressiveness in the eyebrows and the ability to make many different shapes. Retractable pupil.
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15Planning a Modular Rig

Illustration 8: Ekko on the left and the monster on the right. The scale is not representative between the two characters.
Characters from “Path Of Sand”

Illustration 9: From left to right, Nut, Leo and Druidac. Characters from World Of Lost Things

Approach
In order to be able to control all the version changes of model, UVs and groom, and to be able to start

building the rigs in advance, before having the final models, the rig is set up to be built procedurally

(Python). And as a version-control system: Git, specifically a repository on GitHub.

This way we can split the creation of the rig into the following parts:

Model. Folder with a set of .ma files containing the various versions of the model

Shapes. Folder with a set of .ma files containing the various versions of the model

Groom. Folder with a set of .ma files containing the scalps and the curves

Body guides. Folder with a set of .ma files containing joints that define the input position so the

modules know where to build themselves
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16Planning a Modular Rig

Facial guides. Folder with a set of .ma files containing locators and NURBS that define the position of

the facial logic systems

Map weights. Sets of folders with the different weight maps saved in binary

Settings. Folder with a set of .json files with properties defined for each character

Control Shapes. Folder with the construction information of the control shapes

All of these parts are collected inside a Python file (.py) that will build a new rig each time it is

executed, with whatever inputs are present. To access Maya's actions, the libraries “maya.cmds”,

“OpenMaya” and “OpenMayaAnim” are used, and for file management and other utilities the libraries

os, “shutil”, “json”, “cPickle”, “StringIO”, “time” and “logging” are used.

Illustration 10: Representation of the structure for generating a rig according to the established approach

Modularity and procedurality

A procedural rig is achieved when it is made not only through code, but also when the rules of

object-oriented programming are applied to its structure.

It must satisfy the premises of:

Abstraction. Extracting the common needs of the objects. Separating behavior from its

implementation.

Encapsulation. Information hiding. The animator does not know the internal implementation.

Inheritance. Relationship between the different rig objects. Modules that go from generalization to

specialization.

Polymorphism. The same rig object behaves differently depending on the operation applied to it.

It can be established that a limb system is the same whether it is a leg or an arm. Thus, with a single

limb rig object the needs of both arms and legs can be satisfied. The same happens with the other

parts of the body. Only one finger system needs to be implemented, from which the others depend.

This does not only happen with humans. The concept of comparative anatomy describes that, among

all living beings, there is a similar pattern in terms of structures. We can therefore reuse the modules

created across several characters of the same type.
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17Planning a Modular Rig

Illustration 11: Comparison of the limbs of various animals according to the theory of comparative anatomy.

Basic body systems

The biped systems will have the following characteristics:

The setup of a biped will be similar to that of the Mary Project, a character modeled and textured by

José Manuel García Alvarez and rigged by Antonio Méndez Lora. It is a character everyone is familiar

with and that they will have no trouble using.

For the general body rig there are IK and FK systems for the limbs. The IK system also has a stretch

system, to take the deformations further.

On the limb system there is an extra control that allows the upper or lower part of the limb to be made

longer or shorter, with or without maintaining volume. It also allows it to be arched.
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18Planning a Modular Rig

Illustration 12: IK-to-FK switching diagram established by Intro Rigging [1]

Illustration 13: Example of a limb in IK, where there is a control that moves the leg with the IK, a pole vector that defines
the direction the leg looks at, and a control that allows an offset to be given to the knee.

For the spine there is an IK and FK system, but this one is different because the FK controllers are

positioned after the IK, as can be seen in the following image. It also has squash and stretch

parameters with minimum and maximum values, to give more dynamism to the animation.

The clavicle system carries the arms. For the arms in FK, there is an option for the arms to follow the

rotations of the clavicle or not, giving this system another effect.
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19Planning a Modular Rig

Illustration 14: Example of the spine in the live IK/FK system

Illustration 15: Example of how the clavicle works with the arm-follow system in FK

The fingers of the hands have control systems, both in IK and FK. When in FK, they have spread, fist

and twist attributes.

For the foot in IK there is a reverse-foot IK system that gives the animator the following options: Ankle

Swivel, Ball Swivel, Toe Swivel, Ankle ZRoll, Ankle XRoll, Toe Tilt, Foot Bank, Ball Lock Swivel, Ball

Lock ZRoll, Foot Roll, Toe Tap. All of these systems are formed by direct connections to offset groups

on top of the leg IK.

The head system has an FK control from the base of the neck and an IK control from the tip. It also

has an option for the head not to follow the rotations of the chest.
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20Planning a Modular Rig

Illustration 16: Hand finger control system, with the attributes present in the generic control. In the center, the IK system
on the fingers can be seen.

Illustration 17: Reverse-foot system; on the left the foot roll is placed, on the right the control's specific attributes are
shown.

On the eyes there is a system to control their aim, separated into right and left and a global one that

carries both. They also have control over the dimensions of the pupils and the iris.
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21Planning a Modular Rig

Illustration 18: Head and neck control system. On the right, you can see how the head's no-follow system to the chest
rotations is acting.

Illustration 19: Eye control system. You can see what control there is with the iris and pupil systems.

Basic facial systems

The facial rig is world-relative, so it is connected to the body deformations through a blendshape. All

facial controllers are mirrored.

The order in which the layers are presented is not the order in which they are implemented in the rig;

they are merely logical groupings of ideas.

Layer 1

Bone system for the basic face: lower part of the jaw, upper part of the jaw and nose. The upper jaw

never goes below the lower jaw, which makes the mouth close and push with collision.
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22Planning a Modular Rig

Illustration 20: Jaw and nose control system

Layer 2

Bone system for the upper part of the jaw, the eye sockets and ears. To be able to move them as a

whole and position them.

Illustration 21: Control system for eyes and ears.

Layer 3

Corrective shape for the opening of the jaw to help achieve cheek compression when opening the

mouth and getting the O shape. It will be made with a joint and will be scaled.
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23Planning a Modular Rig

Illustration 22: Lip compression system when opening the mouth

Layer 4

Joint system for the eyelids, rivet and blendshape between the upper and lower eyelid edges. The

blink height can be defined, or it can be done separately.

Illustration 23: Eyelid control system. The attributes can be seen.

Layer 5

Fine shape-tweak system. Tweak controls for the lip area, nasolabial fold and eyebrows.
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Illustration 24: Eyebrow and lip tweak system

Layer 6

Blendshape system (the basic and symmetric shape models are by Enrique Alberola; my role was to

design the shapes, how to connect them, and small tweaks and passes on the shapes):

Mouth

It will have a system of 8 blendshapes; the modeled forms are corner stretched, corner squashed,

corner raised, corner lowered, and their combinations. When modeling the mouth shapes, it must be

kept in mind that the lips have to slide over the jaw that forms the teeth area. It is important that the

upper and lower lips do not separate.

Corner stretched. It is important that the deformation is parallel to the base lips, since combined with

the others it will generate other shapes. Mainly the lip corners move and carry a bit of the middle

along. The nasolabial area sinks horizontally and very gently stretches the nostril area.

Corner squashed. It is the inverse of corner stretched; it is about making the lip corners almost

touch. The central part of the lips compresses (it must slide over the surface of the jaw).

Corner raised. The lip corners lift, slightly accompanying the nose and the nasolabial area. The

cheek slightly accompanies the deformation; it must reach the U shape.

Corner lowered. The opposite of the previous one; it has to lower the lip corners and stretch the

loops of the nasolabial area. The cheek stretches a little.
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Illustration 25: Shapes from left to right: corner stretched, corner squashed, corner raised and corner lowered

The union of the 4 previous deformations is interpolated through a controller that moves in y and x

translation. Even though the deformations are interpolated, the resulting shapes at the extremes

[(10,10), (-10,10), (-10,-10), (10,-10)] do not quite have an appropriate deformation regarding the

cheeks and the harmony between them. To fix the resulting deformations, corrective shapes that force

the shape we determine have to be generated. And their combinations: to generate the shapes, you

have to start from the union of:

•  Stretched + Up

•  Stretched + Down

•  Squashed + Up

•  Squashed + Down

The goal of the correctives is to mark the cheek area. They are key shapes for marking the

character's attitude.

Illustration 26: Corrective shapes, from left to right: stretched up, stretched down, squashed down and squashed up

Cheek

It has 4 shapes (cheek puffed, cheek sucked, cheek raised and cheek slid)

Cheek puffed. Spherical shapes work well. To make it, it helps to place a sphere as a guide. It also

tends to work to pull the shape out with a “softMod” deformer.

Cheek sucked. It must be kept in mind that the zygomatic bone is below the eyes, so the cheek has

to be placed a bit lower.

Cheek raised. It has to make the cheek compress with the eye.

Cheek slid (4). It is about the sliding, in y and x translation, of the cheek over the face.
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Illustration 27: Cheek shapes, from left to right and top to bottom: puffed, sucked, slid up, slid down, slid forward and slid
backward.

Lip shapes

(Positive roll, negative roll, kiss) They serve to make the phonetic deformations and to give intention

to lip movements. They will be driven by attributes limited from 0 to 10.

Positive roll. It is about the lips rolling outward, both lower and upper; part of the teeth must be

visible.

Negative roll. Like the previous one, but in this case inward. It serves to tighten the lips and make

bilabial phonemes (p, b).

Kiss. Similar to a narrow mouth, this one acts as a kiss, that is: besides tightening the corners and the

lips, it pulls more volume out of the lips and compresses the cheeks.

Illustration 28: Specific lip shapes, from left to right: positive roll, negative roll, kiss

Eyebrows
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There are 8 shapes (raised, lowered, together, apart, rotated positive, rotated negative, forward and

back). It is important that they slide over the fictitious surface of the character's skull.

Raised. The eyebrows have to rise vertically and symmetrically until they match the topology. The

eyebrows have to be left slightly curved.

Lowered. The eyebrows lower to the height of the middle of the eyes; care must be taken that they do

not collapse with the eyelashes, in case they are long. The glabella (between the brows) must not be

marked.

Glabella marking. The glabella must be marked, making the eyebrow collapse.

Apart. The eyebrows have to slide over the skull outward.

Together. The eyebrows have to slide over the skull inward.

Rotated positive. They have to make a positive sine.

Rotated negative. They have to make a negative sine.

Forward. The eyebrows have to come outward; it serves to correct other deformations.

Back. The eyebrows have to go inward; it serves to correct other deformations.

Illustration 29: Eyebrow shapes, from left to right and top to bottom: raised, lowered, forward, back, apart, together,
glabella marking, rotated positive, rotated negative.

Nose

It has 3 shapes (sneer, flare, sniff)

Sneer. Raising of the nostrils

Flare. Flaring of the nostrils

Sniff. Inhalation of the nostrils
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Illustration 30: Nose shapes, from left to right: sneer, flare, sniff

Execution

Body

The first step is to set up the body guides. They are a set of joints, locators and NURBS that establish

the position and orientation information so that the various modules (classes) have the data to operate

on.

Illustration 31: Example of body guides. Ekko's on the left and Ledyan's on the right

This data is the basis for the creation of all body systems, both generic and specific.

The second step is to design the structure of the Python file that will be responsible for creating all the

systems using the designed “riggingToolkit”. This is an example of the start of the build, where the

model and the guides are loaded, the basic outliner structure is created, and the spine module is

created.
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29Planning a Modular Rig

The third step is to define the spaces each control, or set of controls, will have. There are dynamic

spaces, such as the arm or the head, and follow spaces, such as the hand or the foot.

Illustration 32: Example of the start of the asset build file

Illustration 33: Example of code defining the controllers' follow spaces

The third step is to run the build file and adjust the dimensions of the controllers that come out by

default. Going from the controllers on the left to those on the right.

The fourth step becomes the skinning of the geometries, which is when the area of influence of each

bone is defined. To do this, proxy meshes and tools such as “ngSkinTools” and “brSmoothWeights”

are used. To speed up reading and saving the maps, they are stored in binary files created with
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“cPickle”.

Illustration 34: Example of the character's guides; on the left the default guides, on the right the placed guides

Illustration 35: Example of painting weights with ngSkinTools, where there is one weight layer.

The fifth step is to load the settings and weights that have been established. For example, those of

fist, spread and twist on the hand fingers.

The sixth step, to finish building the body, is to lock and place certain attributes to the animation

supervisor's measure. This makes it harder for the animator to break the rig by accessing options that

are not visible at first.
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31Planning a Modular Rig

Illustration 36: Example of loading control shapes and weight maps

Illustration 37: Example of preparing the rig for animation

Facial

Building the facial rig is similar to building the body one.

The first step is also to define the guides for where the systems will be positioned. The locators mark

positions and orientations, and the surfaces mark projection spaces for the facial systems. The upper

one marks the range of movement of the eyebrows and the lower one does the same with the lips.

This way, the character's shapes are better preserved.
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32Planning a Modular Rig

The second step is to generate the facial build file. The difference from the body one is that the body

rig is loaded and deformation layers are created.

Illustration 38: Example of facial guides, Ekko

Illustration 39: Example of the creation of the deformation layers for the facial

As the third step, the shapes, weights and deformation settings are loaded, the same as in the body

system.

Checks
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33Planning a Modular Rig

Even though the rig is made procedurally, you have to check each time whether the deformations of

the new build work with the old animations. It is therefore important to have a system such as “Studio

Library” or “Atom” exports and imports, with saved animations, to verify that the new version is

compatible with the previous ones.

Extras
Apart from the generic systems for the characters, specific systems have been created for each of

them.

Ledyan

FK control systems have been created for the pauldron, for the pauldron's leaves, for the quiver, for its

arrows and for the hair.

The shin guards and the straps have a system of a joint resting on a NURBS surface that has the

same weights as the geometry underneath.

Illustration 40: Example of the FK systems on Ledyan

Illustration 41: Example of joint-on-a-NURBS systems.

Yura

It has FK systems for the pauldrons, the breasts and the hair locks. For the bun it has a system similar

to the spine: an IK with squash and stretch to give it secondary movement.
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Illustration 42: FK and spline systems for Yura

Ekko

All of the things hanging on this character — belt amulet, belt cloth, sword, hair — are FK chains

attached to various parts of the body.

The hood is made with the same IK system with tangencies and squash as Yura's bun.

For the buff, the buckle and the point where the dagger attaches, there is a system of a NURBS

skinned with the same deformations as the geometry underneath, which moves, on a second layer,

the geometry it controls.

Ekko has the ability to put the hood on and take it off. The hood-on state has a set of FK systems so

that its dynamic behavior can be animated without having to simulate it. Some controls follow various

body bones (neck (4), head (2)).
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Illustration 43: FK systems on Ekko

Illustration 44: IK system of Ekko's hood
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Illustration 45: Joint-on-a-NURBS systems on Ekko

Illustration 46: FK systems for Ekko's hood-on state

Monster

The “Path of Sand” monster is not a biped but a quadruped, and it needs a different deformation

system.

For the legs it has an IK system that allows the leg to articulate and another IK system that allows the

heel to be rotated forward and backward. The rear clavicle system is a normal biped clavicle system.

But for the front clavicle it has a reverse clavicle system. This allows the quadruped's scapula to be

pulled out.
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For the spine it has an IK system with a tangency control for the chest and one for the waist. The

spine has the ability to lengthen by the chosen percentage. There is also a set of 9 controls to move

the monster's belly and ribs.

The monster's tail has an IK system and an FK one that lives on top of the IK. It also has the ability to

stretch and contract. The IK controllers are parented to one another so as to better define the shape

of the path the tail will follow.

The monster has a set of 21 tentacles on its head; animating them entirely by hand is quite laborious.

They therefore have their own control system. By default, there are controls to move each tentacle

individually in its entirety. The controls that define the main trajectory of the tentacle can be extracted.

Under the IK trajectory system there are two dynamic curves: one has a low-frequency turbulence

field applied that gives it the general shape, and the other a high-frequency turbulence field that gives

the tentacle its micro detail. For node evaluation to work, it must be set to Dependency Graph.

Illustration 47: IK system of the Monster's legs

Illustration 48: The monster's spine system
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Illustration 49: IK system of the tail

Illustration 50: Directed dynamic system of the tentacles

Nut

It is the “World Of Lost Things” robot. It is a custom-made character since it is not a biped and needs

specific features for animation.

In the arms it has a bend-bones system, to give the character waves.

Both in the eyebrows and in the antenna it has an IK system, with two main controls and two tangency

controls, that gives it the ability to stretch and make organic shapes out of static and mechanical

objects.
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Illustration 51: Bend-bones system on Nut's arms

Illustration 52: IK control system for Nut

Human IK

For the “Cardiff University” project, characters that could work with the mocap system were needed.

Some had to carry animation on top and the others only the mocap data. The system is also

procedural.
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Illustration 53: Human IK characters

Static

Two characters were also needed that would be static but whose position, rotation and scale could be

animated.

Illustration 54: Characters with general controls

Pipeline
The pipeline is the part of production responsible for managing the exchange of data between the

parts of the production. Correct version management is the key to a production running correctly and

in an orderly way.

There are tools that control all of this information, for example: “Ftrack” and “Shotgun”.

On the other hand, scene management also has to be controlled; this can be done with various

systems and programs. As assemblers there are: “Katana”, “Clarisse” and “Houdini”, programs

capable of managing large amounts of geometry. There is also the USD system, developed by

“Pixar”, which helps with management across all programs, and “Hydra” to visualize a viewport with

the objects.
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For the projects, it was decided not to use any of these systems because we did not master them and

because there was no support. This complicated the entire management of the project, since all of the

asset management was done manually, where human error is more present.

As practical pipeline work, I developed a system so that a set of tools (both my own and pre-existing

ones) would be on all computers just by placing them in a folder on the server. This system was

named “LS_mayaToolkit”. For it to work, the following script needs to be placed in a userSetup.py file

in Maya's scripts path.

import os

import pymel.core as pm

 

LS_PATH = 'T:\\maya'

if LS_PATH in os.sys.path:

os.sys.path.remove(LS_PATH)

os.sys.path.insert(0, LS_PATH)

 

pm.evalDeferred('import LS_mayaToolset')

Table 1: userSetup.py file

There you will find a collection of tools and scripts useful for production.

Illustration 55: Folder structure of utilities on the server

Visible tools
LS_Menu: This is the display of a set of tools in a menu in Maya.

LS_mayaAnimation: contains tools to help with animation

•  aTools

•  AnimFix

•  Character importer

LS_mayaGroom: utilities for groom management

•  Import

•  Export
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LS_mayaLookdev:

•  Light transformations

•  Changing the exposure of the selected lights

•  Duplicating objects with history

•  Changing color-reading profiles when using OCIO ACES 1.0.3

LS_mayaModeling

•  absSymMesh: Tool to operate between geometries, check symmetry and fix it if necessary.

•  Braid Creation: Tool to create braids

•  goZ: Tool that swaps the Maya scene to zBrush and from zBrush to Maya.

Non-visible tools
These are the non-visible tools that only work by command.

Modules

brSmoothWeights. developed by “brave rabbit”, its function is to smooth the geometry weights with a

more advanced algorithm than the one built into Maya

Plug-ins

AnimSchoolPicker. Design and use of a GUI to make control selection sets; it can be designed to

taste. It serves to optimize control selection. Created by Anim School.

dcSkin. Developed by David Cuellar, a tool to save and load weights in binary files.

extractDeltas. Developed by “brave rabbit”, it serves to extract the variation between a corrective

shape and the same one with the deformers applied. As its name says, it extracts the deltas of the

mesh.

jQuadCloth. Developed by Jacopo Ortolani. It retopologizes geometries with many polygons into

ones where everything is quadrangulated. It works especially well with clothing.

ngSkinTools. Developed by Viktoras Makauskas. It serves to operate with weight maps. It gives the

ability to have additive weight layers. Internally it does all the calculations so that they are normalized.

smoothSkinClusterWeight. Developed by “brave rabbit”, it is the predecessor of the

brSmoothWeights module; it does not have as many utilities and works more slowly.

transferSkinCluster. Developed by “brave rabbit”. It serves to copy skinning between geometries.

Scripts

advancedSkeleton5. Auto-rig for creating structures to control the geometry.

cometScripts. Toolkit developed by Michael Comet, containing all kinds of tools. The best known is

the Comet Renamer.

cvshapeinverter. Developed by Chad Vernon, it serves to extract the inverse shape of a deformation

and keeps it dynamically.

MG-PickerStudio. Picker similar to AnimSchoolPicker, developed by Miguel Gao.

mGear. Rigging framework developed by Miquel Campos, it gives great flexibility for creating rig

structures.

ml_tools. A set of tools and utilities for animation and rigging, developed by Morgan Loomis.
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studioLibrary. Tool created by the GitHub user “krathjen”, to save poses and animations and thus be

able to transfer them between files.

Zen. Toolkit developed by David Belais, containing a set of all kinds of extra tools for Maya.

zooTools. A set of tools developed by Andrew Silke.

cosmos. Tool that manages access to Maya's windows. Developed by Martin Gunnarsson.

sortCircleTool. Tool to make circles on the set of selected edges.

bosSmear. Tool to deform the geometry according to the camera shot.

bSkinSaver. Tool developed by Thomas Bittner, to save the weights of skinCluster nodes.

changeColors. Script to change the colors of the controllers in bulk.

compactRenamer. Script by Erik Lehmann to rename geometries.

delete turtle. Script to delete the turtle node from the scene.

DPK_reorderAttrs. Tool developed by Daniel Pook-Kolb to reorder attributes in the channel box.

Dupes. Script to check whether there are duplicate objects in the scene. Developed by Jorn-Harald

Paulsen.

mtAlignTool. Tool to align objects in the viewport.

tweenMachine. Tool to interpolate keyframes, developed by Justin S. Barrett.

ACES
The Academy Color Encoding System (ACES) is becoming established as the standard for color

management throughout film and TV production.

It is set up as a linear and lossless color-management process. This way, the color chain remains

unaltered from the recording of the audiovisual piece to its display, passing through the creation of the

3D.

Illustration 56: Structure of ACES data management throughout production

To use the ACES configuration inside Maya, you first have to download the OCIO repository from

Sony (https://github.com/imageworks/OpenColorIOConfigs/tree/master/aces_1.0.3). Once

downloaded, the following configuration has to be activated.

And to change the color-space configuration of all the files that are loaded, they have to be changed

to utilities (https://github.com/enriquevelmai/utils/blob/master/toAces.py)
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Illustration 57: Color-management configuration inside Maya with the ACES profiles

“Current” script
Since no version manager was used, a “current” script was created which read the latest versions and

created a folder with them.

Groom
Managing the groom on the project became a headache, since we all had very little experience

managing hair in the pipeline.

It was decided to use Maya's xGen for the hair. After researching in depth how xGen works internally,

our own way of managing the hair was derived.

xGen works by having a base geometry to which a set of collections and descriptions are applied.

Collections are the grouping of many descriptions on one or several geometries. In the descriptions is

where the hair is groomed from a set of guides, maps and expressions. The maps that are painted are

in PTX format.

xGen's information is saved in a dedicated green node in a Maya scene, which is a plug-in that reads

information from two places: everything related to the collections, descriptions and expressions is

saved in an .xgen file with the saved data; the map information is saved in a folder hierarchy inside

the project's xGen folder (or the location where it is defined), where there are folders for each

collection, description and modifier.

Structure of the .xgen file
Inside the xgen file the data is structured as follows

Globals
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The “palette” is the base, what amounts to the collection.

Definition of the xgen global variables, mapping of where the project's base is.

Illustration 58: Global options of the collection

Per description

General description data; there is one for each description

Illustration 59: General options of the description

Display of the guides in the viewport

Illustration 60: Display options of the primitives in viewport

Display of the guides at render; you can define the type of render you want, which scalp it follows and

whether it has motion blur or not. Overrides can be made for each of the variables. You can see that

the render engine xgen uses is “RenderMan”, since it is Pixar's render engine.
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Illustration 61: Display options of the primitives at render

The general data of the description's guides can also be defined.

Illustration 62: General options of the guides in viewport

Next is the modifier data; they are loaded as FX packages (established by the API).
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Illustration 63: Options of the clump modifier

Other examples of data saved by other types of modifiers.

Illustration 64: Options of the Noise and Cut modifiers

The random generator space handles the density, offset and other generic properties.
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Illustration 65: General options of the description

Display properties of the guides in the viewport.

Illustration 66: Display options of the guides in viewport

The map textures section says where part of the modifier maps are read from. It also indicates which

parts of xgen are active for the description in question and which render method is used in the

viewport.
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Illustration 67: Read paths of the painted maps

Anchoring

Once all the display and modification data of each of the descriptions has been defined, all the data

related to the scalps is defined, where the positions of each of the guides, the patches they attach to,

the CVs they have and many more are reflected. Below is an excerpt of this part of the file, since it is

the largest section of the file.

Illustration 68: Anchoring properties between the guides and the geometry

Map-saving structure
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Illustration 69: Folder structure for saving the maps

Packaging concept
As can be seen, there are many variables involved in managing the hair, so the concept of hair

packaging is defined. It is about having a container that holds all the data needed to export and

reassemble the hair deformation system.

To be able to manage xGen, we define having the following elements:

Illustration 70: Custom groom package structure

The folder contains the entire structure of PTX maps of the modifiers and descriptions.

The mapping.json file contains useful information for reassembling the groom.
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Illustration 71: Custom JSON structure for saving information

The scalps.ma file contains the scalps from which the hair grows; it has to be exported keeping the

history of the geometries, since they have maps and file nodes connected so that it can be

reassembled without losses.

The shader.ma file contains the hair material.

The .xgen file is the export of the file mentioned above.

Animation vs Simulation
There are two ways to manage the hair moving. The first is to simulate it: once the animation is done,

have the hair move following physical dynamics and force fields. The second is to animate a proxy

mesh onto which curves are attached, and these are used to move the groom. It is important to export

an .abc file with the specific guides for each description and for each shot.

Data management
To manage this data without falling into human error — since there are many steps — we define a

script to handle these things.

The following libraries enable the use of the xGen commands:

import xgenm as xg

import xgenm.XgExternalAPI as xge

import xgenm.xgGlobal as xgg

Table 2: Import of the xGen libraries

These tools are dedicated to importing and exporting the generic groom in a generic way.



Tra
nsla

te
d w

ith
 A

I

Tra
nsla

te
d w

ith
 A

I

Tra
nsla

te
d w

ith
 A

I

52Planning a Modular Rig

The exporter needs to define the xGen node, select the scalps, the shader and the path where the

previously defined package will be exported.

The importer needs the path of the package, the alembic with the shot's animation and the xGen path

in case it has changed.

Illustration 72: Tool to export xGen

Illustration 73: Tool to import xGen

In addition to the previous tools, there is a tool specific to Last in Battle, based on its own file

management. Here you only need to define the asset, the shot and the scalps group.
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Illustration 74: Tool to import xGen, adapted for Last in Battle

Fixing
Once the animation is done, there may be geometry interpenetrations or the desired deformation may

not be achieved, and you have to move on to the shot sculpting part.

There, the animation cache is taken and, with the following tool, the desired deformation is modeled.

Method of use:

1.  Position yourself on the frame where you want to model the correction

2.  Open the tool

3.  Select the geometries on which you want to model the correction

4.  Define the tail frames the correction will have (a blendshape with 3 keys, two of 0 and one of 1)

5.  Press the Active button and model them

6.  Press the Finish button; the geometries are deleted
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Illustration 75: Tool to do shot sculpting

Conclusions
Carrying out this project has served to gain a global and complete view of the development of a

project from start to finish. Going through each of the areas, I have been able to see what the

complications and the processes to follow are at each phase. It was very hard to know when to close

a process — that is, when to establish that the model, textures, rig, animation, etc. was already

enough and the asset had to be let flow through the pipe. Working in a group, we had to organize

ourselves, since doing a project entirely alone is not the same. The scenes had to have a specific

name, the order in the outliner had to be very carefully kept, and the materials published with the

fewest possible errors. Being the first time we faced — as a university and as a group — a full

production, the way in which we had to proceed was a challenge. For example, how to manage the

hair. Since we did not simulate it but animated it, it was hard to find a way to join the animation of the

guides with the groom guides. Once it worked locally, we realized it did not work on the farm, since

“Deadline” did not change the mapped network-drive paths configured as a letter to the full path in the

xGen files. Another difficulty was how the materials joined with the animated geometry. The options

considered were: the rig carries the materials; a piece of code is written that imports and configures

the materials once the animation was computed; or a system by Alex Leon consisting of assembling a

scene with the materials applied and then having it remain as a reference in the lighting scene.

Creating a fully procedural, object-oriented system is more tedious than it seems. You have to

structure and design it quite a lot beforehand, making assumptions about the obstacles that will

appear along the way. I have also kept an eye on the new methods being published and the tools

coming out, so as to be able to adapt them quickly to the system created. Personally, creating and

maintaining 13 characters with all the rig fixes and geometry changes was very hard for me. Now,

seeing it in perspective, I see that choosing to make the rigs procedural was a good decision, since I

find myself incapable of having done it the “artisanal” way, in addition to the tool implementation. One

of the main problems on the rigs was the flipping of the advanced twist on the IK spline systems; after
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days of struggling, I brought the problem to work and they advised me to use the IK spline to compute

the position and, from there, create an offset curve to the IK one to mark the position, and use a

projection of this onto the offset curve, using this second curve as the up vector of an aim system,

where the bone points to the next one. This solution fixed the flippings; the limb, neck, spine and

tentacle modules have these systems implemented. Double transformations also caused headaches

when scaling the model; creating groups that do not want the transformations in each rig module was

the solution to this problem.

Of all the characters, the one that was a greater challenge due to the complexity of the systems was

the monster, because of its tentacles. Even though the systems work correctly, the rig runs very

slowly when the automatisms are activated. I would like to find a solution later on to fix this point

against the rig.

The systems for projecting transform nodes onto a surface were one of the most key points of the

whole project, since they gave a lot of play to the facial systems of eyebrows, lips and eyelids.

Painting weights in dual quaternion in some parts has saved modeling many corrective shapes. The

use of the new brSmoothSkinWeights tool was also one of the year's biggest discoveries; it has sped

up the work a lot.

Being one person who developed the system and has been maintaining it, the production time was

limited, and many systems that were planned as extras could not be carried out. Thank goodness for

the teammates who were there helping and making things work from the upstream groom and

modeling departments. And for the help there was in starting to model the facial shapes. It would also

have helped to have someone present day to day who could lend a hand with the tool programming,

since many things are beyond me, and having someone with experience would have been very

productive; I would also have learned other ways of proceeding, not just mine.

Currently the Rigging Toolkit code is very messy at the code level. I would like to give the system

another pass and abstract it even more, to leave only the most generic classes and limit the rig to a

spline system and a surface-projection system, with everything inheriting from these. Also, change the

use of maya.cmds for PyMel, since it is fully object-oriented. Apart from that, it would be great to give

it a graphical interface to make it more usable.

I really enjoyed developing tools for pipeline, since it was something I had never done and it turned

out quite well.
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