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[bookmark: _Toc228355418]Introduction
This dissertation will cover the design and creation of 3D character rigs, and the significance of user experience for animators when using this rig.

 The aim of this project is to research and create a custom character rig from scratch, making sure to include a selection of industry standard features in addition to some unique features to address the design and animation needs of the character. There will be additional focus given to making sure the created rig is as streamlined and as user-friendly as possible, with a focus on control clarity and user experience. 

 Chapter 2 covers the literature review of the sources the author pulled from, comprised of a selection of tutorials covering the creation of 3D character rigs, as well as documentation from other artists going through a similar process of character rigging.

 Chapter 3 will discuss the methodology for this project, starting with the design of the character, and the rig features that would be required to support that design.

 Chapter 4 is a record of the project during development, and the steps that the author took to make the character rig. It also includes the problems encountered during development, and the solutions and workarounds required.

 Chapter 5 will cover the testing and feedback stage of the rig post-completion. It discusses the process of collecting data from the sample group, the animator’ s experience using the rig, the problems they encountered, and any feedback they have to improve the rig for future users.

 Finally, chapter 6 will build upon the feedback data gathered in the previous chapter to plan out how to address any issues the animators had with the rig, in addition to what future features the rig could have.

[bookmark: _Toc228355419]Chapter 2: Literature Review
One of the sources that inspired this project is DemNikoArt’s tutorial series focusing on Mechanical Rigging in Blender [3]. This series shows example bone and constraint setups for simple mechanical parts (like pistons, gears, IK chains, springs, etc.) that can then be combined for a variety of mechanical designs. The modularity and flexibility of this tutorial make it a useful resource, despite not being designed for Maya. All the mechanical designs use basic constraints that exist in some form in both programs, such as copy rotation, aim, and IK.
The primary source of information for the methods of rigging in Maya is Antony Ward (antCGI)’s online tutorial videos, particularly his Rigging in Maya and Rigging in Maya: Realtime Alien series. These videos cover almost every part of the rigging process, from joint creation to scripting, making them an incredibly useful rigging resource. Even though there is Maya documentation for specific functions, it is frequently outdated and does not teach the theory and fundamentals of Maya rigging like these tutorial series do.
For this project it would be useful to have a benchmark of another student’s process for completing a similar project, to not only use as a guide to the rigging workflow, but also to use as an example of what a rigging focused research paper can look like. The paper referenced was authored by Àngel Cónsola López and covers his process rigging a Tom model from Tom and Jerry [5]. This paper was written as a longer and more in-depth summary than this current project requires, reaching over 200 pages long. The Tom model also had different design requirements, with a heavy emphasis on squash and stretch to mimic stylized 2D animation, whereas this project is focused on mechanical, constraint-based rigging.
To supplement the other sources, the author also referenced the book MEL Scripting for Character Rigging. This book is primarily focused on the scripting parts of rigging, which can be a crucial aspect depending on what kind of rig is being made. While this project did not involve any of the auto-rigging and menu creation taught in this book, it helps establish a deeper understanding of how Maya works under the surface and covers the theory and industry standards for rigging.

[bookmark: _Toc228355420]Chapter 3: Methodology
[bookmark: _Toc228355421]Chapter 3.1: Character Concept
The character that will be rigged for this project is a redesign of ZipZap, one of the first characters the author designed roughly 7 years ago. He was designed for a sci-fi setting, and he is a cyborg with lightning powers who carries a bow. His character design requires multiple types of rigging, with both organic rigging for the human parts and mechanical rigging for the robotic limb replacements and bow, making him a good candidate for rigging

[bookmark: _Toc228355422] Chapter 3.2: Anatomy Study
 	One of the key design features of this character is to have mechanical portions of the body that replace the missing organic parts. The rule for these sections is no mesh deformation, only direct parent constraints and layers of other constraints and attribute links to create the joints. To make the rig as flexible as possible, the mechanical sections need to support the same range of movement that can be realistically expected from the corresponding human sections, using human anatomy as a reference.

[image: Joint range of motion chart showing typical degrees for neck, shoulder, elbow, wrist, hip, knee, and ankle movements]
Figure 3.2.1 - Range of Motion guide [4]

 	
The selected parts were the right shoulder and arm, the right leg, and the midriff. The forearm will be replaced by a folding mechanical bow. The elbow and knee joints only have one axis of movement and clear maximum rotation limits, which can be replicated with simple hinge joints. The shoulder and ankle joints have much wider range of movement, which requires a ball joint setup with a series of pistons connecting either side.

[bookmark: _Toc228355423] Chapter 3.3: Rig Features
	The feature list for this rig is divided into two sections: industry-standard features, and character specific features
	The goal is to make sure this rig includes the necessary industry standard features, so that animators who have used other rigs will be able to use this rig as easily as possible. [1]
	During research for what industry standard rigs should include, the most mentioned feature by far is support for IK (inverse kinematics) and FK (forward kinematics) and the ability to switch between them. This is essential to allow artists to animate the character in whichever way is most useful for a given scene. As an extension to this feature, the controls that you need should only be visible and selectable when you are in a certain mode, to avoid user confusion.
	At the ends of the IK leg, there will also be a custom foot bone arrangement, called “reverse-foot”, that allows you make the foot roll, bank, and twist using attributes rather than manual posing.
	Animators will potentially have different scene scales to the one used for this project, so it is also useful to have an option to resize the whole rig at once. Simply scaling the root control will break the rig, as the joints and any locked parts of the rig will scale correctly. This rig will be set up with a Global Scale attribute, which will scale the whole rig without causing issues.
	As the final industry standard feature that will be included in this rig is the option to lock and unlock the geometry. This will remain locked by default, and some rigs simply keep it permanently locked off. However, giving the animator the ability to unlock the geometry allows them to fine tune and clean up the mesh after posing. While locked, the animator can reset the rig back to its default pose by drag-selecting the whole model and entering 0 into all the translate and rotate attributes.
	This rig also will also have some rig features that are character specific, most notably a control that expands the folding bow in the mechanical arm. This is made using Maya’s set driven key feature, binding a folding out animation to the Y- location attribute of the controller, with all other attributes locked off.

[bookmark: _Toc228355424]Chapter 3.4: Rig Organization 
This rig requires a substantial number of joints, controller curves, constraints, and nodes. To be able to troubleshoot and expand the features of the rig, it is necessary to establish a naming structure early in the process. This naming structure a modified version of the structure described in the MEL scripting book [2], in addition to the conventions used in Unity’s humanoid system, which the author has had previous experience using. 

The structure is laid out like this: 
Side_Part_Number_FK/IK_Other
As an example, this is what an example joint would look like using this naming structure: L_Forearm_FK_Offset. 
This system allows for searchability and clear delineation between all the sections of the rig, as well as the left and right halves. Additionally, when duplicating or mirroring parts of the rig, Maya’s search and replace feature can easily batch rename a sub-hierarchy to assign it the correct name.

[bookmark: _Toc228355425]Chapter 3.5: Mesh Transfer from Blender
	The focus of this project is to learning rigging in Maya, and due to the limited timeframe for this project, it is important to focus most of the effort into that rather than into the parts that traditionally come earlier in the pipeline, such as blockout, modelling, and sculpting order to maximize the amount of time spent rigging this character, the mesh parts of this model were first created in Blender, and then exported as an FBX file into Maya. This was chosen as the most efficient method due to the author’s higher level of familiarity with Blender’s modelling methods.
[bookmark: _Toc228355426]Chapter 4: Project Development
[bookmark: _Toc228355427]Chapter 4.1: Rig Parts 
The first step was following DemNikoArt’ s tutorials [3], first creating them in Blender, then recreating the same rigs in Maya. This process was straightforward, as the constraints that these rigs most commonly use exist in both Autodesk Maya and Blender, and function in an almost identical way. 

[image: ]
Figure 4.1.1 – IK Chain

[image: ][image: ]
Figure 4.1.2 – Dynamic piston with universal joints

One of the hardest sections to recreate was the midriff, as it needed to not only bend in any direction, but also potentially twist while still believably being able to support the upper body. Some of the test versions had a central mechanical spine, but it didn’t provide enough flexibility and was not as visually interesting. The final design is inspired by a real-life engineering piston setup known as a “Stewart platform”, which is a platform held by a circle of pistons that can be manipulated as the various pistons extend. It has a wide range of motion, even stretching far beyond the human spine limits.

[image: ]
Figure 4.1.3 – Stewart platform mock-up

[image: ]
Figure 4.1.4 – Modified Stewart platform for character midriff


[bookmark: _Toc228355428]Chapter 4.2: Maya Joint Skeleton
[bookmark: _Toc228351831][bookmark: _Toc228355429]The central core of the rig is the joint skeleton, as all the controls and constraints affect it. The skeleton has a hierarchy structure where every joint is influenced by a “parent” joint and influences a “child” joint. Originally, the joints were placed floating in 3D space without reference, however this caused proportion errors. To fix this, the author used a simplified human base mesh from Blender Studio’s free demo files [2]. In combination with Maya’s “Snap to Projected Centre” tool, the joints could be placed exactly in the centre of the mesh with correct proportions.
Once the joints are in place, they also need to be oriented correctly. The exact orientation settings will vary depending on rigger preference and studio standard, but for this project the primary axis was set to Y, and the secondary axis (Z) was oriented to match World Y.
[image: ]
Figure 4.2.1 – Orient Joint menu

[bookmark: _Toc228355430]Chapter 4.3: Controller Setup
	Once the skeleton was fully complete, the next step is to add the controllers that the animator will be able to access. These controls are all made from edited curves. These can all be made manually; however it can be time consuming. Additionally, since the purpose of this project is to make an intuitive rig, the control needs to be designed in a way that makes the function as visually clear as possible.
	To assist with this project, the author used a plugin by Jennifer Conley called Rigbox Reborn Curves Tool [7], which has a preset list of curves specifically designed to be used for rigging, including arrows, gears, and text.

[image: ]
Figure 4.3.1 – Rigbox Reborn Curves Tool Menu

	For example, to indicate that the root bone is the bone you should use to move the character, it has an arrow on all 4 sides. For the fingers, simple rings that wrap around the model can be hard to select and manipulate, especially if the hand is clenched. So instead, the controls stick further out of the fingers on “lollipop” curves.
	
[image: ]
Figure 4.3.2 – Rig Controllers

The plugin can set curve colours as well, which makes colour-coding the rig much more efficient. Controls that do similar functions are put into the same colour category, such as having green for the main character movers, yellow for the FK controls, and red for the IK controls. These are also separated into their own separate Display Layers, giving the animator the freedom to hide specific control types.

[image: ]
Figure 4.3.3 – Display Layers

For the parent constraint to work properly, the joints need to have zero-d out location, rotation, and scale attributes. This also allows the animator to easily reset a control to its default position. One method that was often traditionally used for Maya rigs is to have offset groups that contain the controls. The offset group stores the default position, while the controller will store any offset away from that position. However, this system does make organizing the hierarchy of the rig more difficult and requires the rigger to lock off many groups at the end of the process to make sure the animator can’t accidentally select them and break the rig.
But since Maya 2020, there is an alternative known as “Offset Parent Matrix”. This functions as a secondary array of transformation data that gets added to the base matrix. This means that the controls can stay clean without bloating the outliner. The only problem is that it can be very time consuming to transfer all the transformation data from the main attributes to the Offset Parent Matrix, so the author used a short Python script [9] bound to a shelf button to automate the process.

[bookmark: _Toc228355431]Chapter 4.4: IK/FK System
	Once the base skeleton and controls were placed, the bones for each of the limbs were copied twice and labelled as “_IK” and “_FK” and are set up with their respective controls. Each of the original joints are bound to their corresponding joints in both of those joint chains using a parent constraint. By default, the weight of influence from the IK and FK joints is exactly 50/50, with the base arm floating at the exact midpoint between them.
	
[image: ]
Figure 4.4.1 – IK/FK joint skeletons

The way the IK/FK Switch works is by controlling the weight of the two influences dynamically with an attribute. To store this attribute in a way that makes it as obvious as possible to the animator, a floating controller with a text curve was created, which has a location constraint to keep it near the wrist. Once the “IK/FK Switch” attribute was created, the next step was to connect it to all the necessary parent constraints. The attribute is set to be an integer between 0 and 1, with 0 being IK and 1 being FK, so it needs to be plugged directly into the FK weight slot of each parent constraint. For the IK slots, it first needs to go through a Reverse node to flip the value. Doing it this way means that 0 will set give full influence to the IK joints, and 1 will give all influence to the FK joints. 

[image: ]
Figure 4.4.2 – IK/FK Switcher Node Layout

	To make the switch between control modes as clear as possible, the unused controls are hidden. The same attributes can be connected to the visibility of the respective controls, as well as to the text curves of the IK/FK switcher.

[bookmark: _Toc228355432]Chapter 4.5: Character Model Export and Weight Painting
	Using the demo file base meshes as a reference, the rest of the body and character design can be modelled. The clothes are designed to be simple shapes, with extra looseness around the joints to allow for easier skinning and deformation. The mask is designed to look like shattered metal and purposefully covers the mouth and one of the eyes to reduce the amount of facial rigging. The mechanical sections are a combination of the pistons, as well as basic primitives.
	The skinning process was mostly straightforward, albeit tedious. The base mesh model and subsequent joint placement meant the body was in an A-pose, which is good as a natural pose for modelling. However, it does mean that the body mesh tends to be incorrectly influenced by the arm bones, which needs to be manually adjusted. Additionally during the first few weight painting attempts, there were numerous issues with the head and shoulders mesh clipping through the clothes. To fix this the author deleted all parts of the head mesh that was not visible under the clothes. This is a common method used in industry, particularly for game characters when polygon count optimization is a concern.

[image: ]
Figure 4.5.1 – Full character mesh

[bookmark: _Toc228355433]Chapter 4.6: Foot Roll
	The foot roll process was made by following the tutorial by antCGI[8]. There is a series of attributes that are set up to allow the animator to pose the foot into useful poses that may be difficult to achieve with the basic IK and FK joints. 
This is set up by having a duplicate foot joint chain with reverse hierarchy and an extra joint at the heel. The respective main foot joints are parented to the reverse foot. The following series of attributes are added to the foot IK control: bank, heel twist, toe twist, toe tap, roll, and roll threshold. The first four attributes directly rotate the foot from different pivot points via the Connection Editor, with some extra logic for the bank control to switch the pivot point from one side to the other.

[image: ]
Figure 4.6.1 – Reverse Foot


The roll attribute makes the foot roll forwards and back, transitioning from the heel pivot, to the ball of the foot, to tiptoe. This is specifically designed for walk cycles. This logic is controlled through a series of utility nodes that defines when each joint should rotate. To give the animator more flexibility, the angle threshold for when the rotation switches from the ball of the foot to tip toe is an editable attribute.

[image: ]
Figure 4.6.2 – Reverse Foot Connection System

[bookmark: _Toc228355434]Chapter 4.7: Fold Out Bow & Mechanical Joints
	The bow was made using a set driven key system. A simple animation of the bow unfolding was created and set as a driven key. Then, using Maya’s connection editor, the playback of this animation was bound to the Y-location attribute of the bow controller. All other attributes are locked and hidden. 
	The mechanical pistons had a major problem during development. A flexible rig for a single piston was created, with a root control for the position, and two smaller controls at either end that can be positioned and rotated to a connection point, and the universal joint will automatically sort out the necessary rotations.

[image: ]
Figure 4.7.1 – Piston Rig

	However, when the piston group was copied, while all the mesh, joints and controls were duplicated, none of the connections or constraints were correctly copied. Originally the author did not know of a way to properly make more pistons without manually recreating the constraints and connections every time. If this had been the case, then the design would have been edited, or potentially changed entirely as it would massively extended the amount of time required to complete this rig.
	Fortunately, there is an alternate way to duplicate the pistons, using Maya’s Duplicate Special function. This menu has an option to duplicate the input graphs and connections, which keeps the function of the pistons intact. The pistons can be positioned around the rig, and then connected with parent constraints. However, the pistons cannot be duplicated once they have been parented, as there is no way to limit the input connections, so the function will end up duplicating the entire rig.

[bookmark: _Toc228355435]Chapter 5: Animator Feedback
	The final, but certainly key step of this project was to distribute the completed rig to animator peers for the purpose of gathering feedback on how usable and user-friendly this rig is.
To have a quantifiable measure of “usability”, this project uses a modified version of the System Usability Scale [6] developed by John Brooke. This scale is comprised of 10 subjective statements about a given system, half of which are positive, and half of which are negative. The user then can indicate on a scale from 1 to 5 how much they agree with each statement. Then, there is a formula that maps the scores from those questions onto a scale of 0-100, effectively giving an easily understandable “usability grade”. 



The benefit of this system is that since it’s so general, it can be used as a comparative scale even between vastly different systems, focusing more on the user experience rather than the specific function of any given system. Some modifications to the wording of the statements were required to make them more specifically applicable to a character rig rather than a piece of software.
	This scale was written out as an online form, with a few additional questions added that allowed users to give more free form feedback about any problems they had or features they wanted. To supplement this form, a short guide was written with explanations of some of the less obvious features, such as the foot roll controllers and geometry locking. However, since the aim of this project is making the rig intuitive, users were recommended to try the rig themselves before reading the guide.
	The animators who gave feedback from this project are a mix of students of different levels of experience from the Animation & VFX and Game Design courses, from first year to 3rd year, as well as a lecturer. This gives a useful cross-section of different skill levels and how their user experience may differ.
	In general, the rig was well received. Users were able to understand how to control the arms and legs within seconds of opening the file and could establish poses quickly. They appreciated the flexibility and robustness of the mechanical sections of the rig, the midriff in particular. The folding mechanical bow arm was also a commonly praised part of the rig, although quite a few students did not see the controller and did not realize that it had that function. During some of the later testing, the control was made larger and redesigned to look like a classic arrow, which reduced this issue. There was some confusion about how to actually move the rig and where to find attributes, but the majority of these issues were experienced by the first year students, who freely stated that they simply had not had much experience using rigs in general rather than it being a direct problem with the rig.
	In total, the form received 15 responses, and the final compiled grade is 82.5, placing it firmly on the high end of the usability scale.
[bookmark: _Toc228355436]Chapter 6:  Conclusion & Future Features
Overall, based on the feedback and the author’s own experience using this rig, this is a functional character rig that can realistically be used for animation. It has a relatively robust core structure, and contains the most necessary industry-standard features to make animating as streamlined as possible. Additionally, it has a unique mechanical style to it with constraint based cyborg limbs, including the folding bow.
However, there is room for progress and improvement, and a few features that the rig would benefit from if this rig is developed in the future.
First, to allow for more realistic wrist movement, a potential feature is to add twist bones to the wrist on the human arm. Currently the hand control rotates the wrist directly, while the forearm remains completely static. For extreme hand poses beyond real-life flexibility, this can cause “corkscrewing” of the wrist geometry. This is fixed by using corrective twist bones spaced throughout the forearm that partially copy the wrist bone’s y-rotation.
[image: ]
Figure 6.1.1 – Corkscrewing error on wrist

Going further, the bow should ideally have a bow string. However, it would be more complicated than originally considered to add that as a feature. Creating a long string with the ends attached to either side of the bow is relatively simple to set up, however the string would also need to be able to stretch and bend at any point along the line. That is an effect that would be difficult to accomplish with joints and clusters and would most likely require some kind of spline system, which was not an area that the author researched. In the interests of getting the core functionality of this rig complete, this feature was left out. Additionally, in some versions of the concept art, the bow did not have a string and instead had a bolt of lightning as an extension of the characters lightning powers.
	Related to his lightning powers, adding a custom lightning creation and animation system is another potential future feature. This would could be accomplished with a MASH system, or potentially as a fully external simulation system that gets added a later point in the pipeline. The author has created a lightning particle system in Unity for a previous project, so it is certainly possible.
	The face of this character is purposefully simple, consisting of a single control for the left eye rotation, as the face rig is not the focus of this project, and it would require a large time investment to create. Despite that, there is still more that could be added to the face. The main important feature would be blinking, as well as subtle eyelid deformation as the eye moves around.

	This project has been an effective learning exercise for the process of creating character rigs in Maya, as well as a useful reference into what makes a rig usable for animators. If the author was to attempt creating this rig from the beginning, it would certainly be a much more streamlined process, as a substantial percentage of the time spent on this project was bug fixing and trial and error. The author will use the experience gained in this project for future rigging projects.
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