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[bookmark: _Toc500252098]Abstract
The literature review provides relevant information regarding games, animation, acting and motion capture. This literature is essential to understanding key terms and principles explored within this dissertation.
To begin answering the question, ‘Is Mocap an industry standard method?’ Section 5 explores why popular game companies today use motion capture, how does the concept of the uncanny affect what we perceive as real, and how stylisation affects visual appeal in games.
Section 5.1 explores the earliest examples of motion capture in videogames began during the 1990s. Companies pioneered in using motion capture as a service for games and film media. Why motion capture technology was embraced by the game industry but not film is investigated.
Motion capture technologies and game development advanced together from the 2000s onwards. Section 5.2 analyses the technological advancements of motion capture in game media, and the relationship between game animators and motion capture studios.
The two most popular motion capture hardware/ software are optical and electromechanical. Section 5.3 includes a comparison outlining the pros and cons between optical and electromechanical motion capture. These pros and cons are analysed to determine why optical is more commonly used in game development.
Section 5.4 analyses the unique problems game designers face when animating for videogames. This includes problems related to acting, directing, emotion, motion capture, and cost. 
The conclusion answers the question, ‘Is Motion Capture an Industry Standard Method in Video Games?’ using the research and analysis conducted in this dissertation.
References, bibliography and appendix are listed after the conclusion.	
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[bookmark: _Toc500252099]Introduction
In contemporary videogames media, motion capture appears to be the primary tool in creating animations. It is difficult to find top-selling 3d videogames that do not use motion capture. Why is this tool becoming an industry standard method and how does this affect the role of game animators?
The quality of videogame graphics rises higher with each game console generation. Quality is often measured by how realistic these graphics are. Is there a trend between technological advancements in game graphics and the use of motion capture? If so, when did this trend begin?
Despite the growing trend of motion capture, not all 3d videogames use the tool. This appears to be common when the game is created by independent developers, or has a particularly exaggerated art style. This suggests that motion capture does have limitations and is not suitable for all games. What other limitations does motion capture have that would prevent developers from using the tool?
Motion capture has also become commonplace in film media. However, the quality of motion capture in movies appears significantly higher than videogames. However, this gap quality appears to close with each new console generation. Why did this separation in animation quality exist, and what advancements have been made to help bridge this gap?
Answering these questions will provide an overview of the current state of professional game animation in videogames media. Such an overview is important for any animator who seeks a career in videogames.
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Motion capture (MoCap) is “the process of recording a live motion event and translating it into usable mathematical terms by tracking a number of key points in space over time and combining them to obtain a single three-dimensional (3D) representation of the performance” (Menache, 2011, p. 2). However, this is a very technical definition that is difficult to digest. In other words, Mocap is “a way to digitally record position and motion information from the real world” (Jones & Oliff, 2007, p. 309). This means that an animation can be created by digitally recording an actor’s motions. Mocap can record a person’s motion with a high level of accuracy. Mocap stemmed from the animation technique known as ‘rotoscoping’. Rotoscoping is when an animator uses a rotoscope machine “designed to allow animation to be matched to live action”, and was patented by the Fleischer brothers in the 1920’s (Jones & Oliff, 2007, p. 301).
Animation is “the illusion of life and motion typically created by displaying sequential images in rapid succession” (Jones & Oliff, 2007, p. 295). Nine animators of Disney from the 1930s, dubbed ‘Nine Old Men’, proposed 12 principles of animation that are relevant today (Thomas & Johnston, 1995). The following principles are paraphrased from Lodigiani’s ‘The illusion of life’ video;
· Squash and Stretch: gives the illusion of weight and volume to a character
· Anticipation: prepares an audience for a major action of a character
· Staging: Clear presentation of an idea
· Straight Ahead & Pose to Pose: Pose to Pose uses key drawings at intervals throughout a scene. Straight Ahead starts from the first drawing and works from drawing to drawing to the end of a scene.
· Follow Through & Overlap: when a character stops, the rest of the body catches up.
· Slow In & Slow Out: Fewer drawings make the action faster, more drawings make the action slower.
· Arcs: Most actions follow an arc (a circler path). This makes an action feel natural and gives it flow.
· Secondary Action: A secondary action to reinforce the main action in a scene.
· Timing: Timing maintains the appearance of an object, abiding by the laws of physics. 
· Exaggeration: Presenting something in a wild or extreme form.
· Solid Drawings: Considering objects drawn in 3D space.
· Appeal: The quality of charm and/or charisma of a character.
It is these principles that make 2D animation appealing as a form of entertainment. These principles can be applied to 3D animated characters. However, motion captured animations will not be able to perform exaggerated actions nor squash and stretch, in their raw form. Mocap is sometimes referred as ‘Satan’s Rotoscope’ because of these limitations (Jones & Oliff, 2007, p. 309). Another difference between 2D and 3D animation is that 2D uses only two axes – x and y – to create animations, whereas 3D animation requires all three axes – x, y, and z (iNurture, n.d., par 3).
According to Merriem-Webster dictionary, acting is ‘the art or practice of representing a character on a stage or before cameras’.
Acting theory consists of several concepts. The following theatrical concepts are paraphrased from Ed hook’s ‘Acting for Animators’ (Hooks, 2011, p.11);
· Conflict – Conflict is an obstacle that must be overcome
· Objective – A theatrical objective must be provable and can be pursued. 
· Anticipation – For a stage actor, it is an acting error to anticipate, to react to something before it happens. This is not the same as the animator’s definition of anticipation.
· Doing – Implies the pursuit of a provable objective.
A game is “an activity that requires at least one player, has rules, and has a win/ and or lose condition… A videogame is a game that is played on a video screen” (Rodgers, 2014, p.9). Deciding whether a videogame game should have motion captured animations or not comes down to its design. Game design is “the act of deciding what a game should be”, and this decision is made by the ‘game designer’ (Schell, 2010, xxiv – xxv).
Game consoles are categorised by generations. The first console generation began 1972 – 1980, with consoles such as Magnavox Odyssey. The eighth console generation is the most current and began in 2012, consisting of consoles such as the Xbox One, PS4, Wii U, and Switch.
 Games are often developed through a partnership between the developer and the publisher. These partnerships are defined by three categories; first-party developers, second-party developers, and third-party developers (McKinley, 2006, pp. 2-3). These categories are defined further using information from McKinley’s The Game Animator’s Guide to Maya;
· First-party developers – Developers that are entirely owned by the publisher.
· Second-party developers – Developers not owned by the publisher, however, they have signed-agreements giving a specific publisher exclusive rights to publish their titles.
· Third-party developers -  Developers who sign contracts with a publisher on a per-game basis.
The videogame industry is an economic sector responsible for developing, marketing, and distributing videogames. The industry is continuously growing and earns billions of dollars each year (theesa.com, 2017). 
A videogame’s visuals (aka graphics) are displayed on the screen via a process called rendering. Rendering is “the creation of images in the computer from the modelling, lighting, texturing, and animation information” (Jones & Oliff, 2007, p. 310). A game console’s rendering capabilities depend on a game’s engine and the graphics hardware used. An engine is a software system responsible for a performing a technical ask. Without game engines, games could “neither be developed nor executed” (Thorn, 2011, p. 3). Rendering loads the graphics resource stored in a game’s memory and draws it on the screen using ‘graphics hardware’ (GPU). A ‘render manager’ decides how the engine plots pixels on the screen (Thorn, 2011, p. 11). A pixel is the smallest unit of a digital image or graphic (Technopedia.com, 2017). The better the engine’s render capabilities and memory storage, the greater the ability to produce high quality 3D animations.
Videogames use ‘real-time rendering’, whereas movies use ‘pre-rendering’. Real-time rendering happens rapidly, and requires GPUs for improved speed and quality. Pre-rendering performs rendering calculations using a computer’s ‘CPU’ (Central Processing Unit), instead of a GPU. Pre-rendering takes much longer to render but produces extremely high-quality imagery, suitable for films (Slick, 2017, par 6 - 13). 
For a 3D videogame character to be animated, it requires a skeleton and a mesh i.e. a skeletal mesh. A skeleton is a structure used to animate a character (Ratner, 2000, p.52). A mesh is a “structural build of a 3D model consisting of polygons” (Rouse, 2016). A Polygon is “a 2D shape that exists inside of a 3D computer world… typically triangles and squares” (Jones & Oliff, 2007, p. 310). Most game engines require their 3D models to be made of triangle polygons, whereas films can use squares.
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Game companies such as Rockstar, Naughty Dog, Rebellion, and Bungie, each use a range of mocap techniques to develop their animations. They do so because it is cheaper and efficient, or because they want to raise the bar by using cutting edge mocap technology, bringing gamers and animators closer to crossing the ‘uncanny valley’ (Mori, 1970).
 “In the universe of videogames, some people dream of the day photo-real characters are routinely presumed to be lived-action performers. Strides in that direction have been made… The most perplexing aspect of this quest is that the more lifelike the animated characters become, the more audiences and gamers resist them. This paradox is known as the “uncanny valley”’ (Hooks, 2011, p.66).
The uncanny valley is an obstacle that must be overcome if animation is ever going to achieve realism. Technology is not quite advanced enough to capture live performances perfectly. However, the continuous advancement of mocap technology may soon cross the uncanny valley for good.
Team Bondi’s Brendan McNamara, the third-party game developer of Rockstar’s LA Noire, claims that the uncanny valley will soon be “out the window” (Parkin, 2010). LA Noire pioneered in markerless facial mocap, MotionScan, with the ambition of recording an actor’s face and instantly turning that into 3D (Rockstar Games, 2010). The mocap can record the face externally with extreme accurately, but falls short of true realism i.e. perfectly captured motion. 
Naughty Dog also produce highly realistic animations through mocap, however they use optical marker systems (Appendix, Figure 2). Naughty Dog proudly presented their animation process through conferences breaking down their mocap pipeline (Shelton, 2016), as well as numerous YouTube videos of their actors performing in mocap suits. Their mixture of rigging techniques driven by mocap animations, bring arguably the highest level of realism to date.
Whether mocap has definitively crossed the uncanny valley is unclear. However, the consistent advancement in mocap technology has clearly influenced animation development in videogames. 
“When faces were more realistic looking, it didn't take much tweaking to make them look creepy, but when the faces were more stylized and less detailed, a wider amount of facial distortion was acceptable before things looked eerie” (Madigan, 2013, par 9).
Why do game characters that are heavily stylised, or cartoony, not suffer the uncanny valley? According to The Psychology of The Uncanny Valley, the margin for error shrinks the more realistic a character becomes, whereas a stylized character allows for much more distortion before it becomes unappealing. The human brain is very good at predicting errors in an environment when things do not look or move correctly (Madigan, 2013). This suggests that both character models and the way the character moves affect what we consider uncanny (Appendix, Figure 1). 
Mocap requires a high level of accuracy for animations to not become uncanny. This is a persistent issue in all games that aim to produce realism, however, cartoony-styled games have face a different challenge. 
High quality stylized animations rely on realism, but is not restricted by it. Instead, the animator aims to create an exaggerated realism, or a creative interpretation of what realism is. This is where mocap fails. Mocap aims to record motion data with the highest accuracy possible. What it cannot do is adapt those motions with a stylized perception, meaning that it cannot exaggerate, squash, or stretch, without an animator’s intervention. Heavily stylized game characters would have little to no use from a mocap studio. 
This does not refute the point that mocap had become standard practice with many game companies, but simply suggests that it is not appropriate for all games. It is less so a question of if motion has become standard practice, but when it occurred.
[bookmark: _Toc500252102]Mocap in the 1990s
In the early 1990s, the companies TSi and Biovision were the first mocap bureaus to offer mocap services to film and game productions. These bureaus owned the technology, specifically ‘biomechanical solvers’, that could record an actor’s motions and translate it into usable data (Menache, 2011, p. 16). Many companies followed this lead, however there was a divide in how mocap was recorded. TSi, Bioviosion, and Acclaim each embraced ‘non-real time mocap technology’ for game implementation, whereas MediaLab, Mr. Film, Windlight Studios, and other film companies focused on ‘real-time mocap technology’ (Menache, 2011, p.13). However, both technologies produced low quality results, especially when compared to mocap today.
 “Even though the use of motion capture in entertainment started in television and film, those markets remain resistant to the widespread use of the tool. The video game industry was the first segment of entertainment to embrace motion capture as a viable tool for character motion, whereas motion capture is used on almost every video game that involves human motion” (Menache, 2011, p.41).
Videogames implemented mocap in productions as early as 1994. Virtua Fighter 2 and Clash of the Robots, both released in 1994, were the first game titles to use mocap animations. Game company Acclaim began promoting mocap services in 1994, and EA made their own in-house mocap systems in the late 1990s (Menache, 2011, p.48). These game companies recognised the potential of mocap as an animation tool.
Videogames at this time suffered from poor rendering capabilities and limited memory storage. Whereas, mocap suffered from low quality data capturing. Despite these shortcomings, these technologies worked together, and eventually grew together as technology improved over time (Menache, 2011, p.41). 
Though mocap in games was used as early as 1994, it may be a stretch to assume that it was this point when mocap became a standard in videogames. TSi sold their biomechanical solvers to Motion Analysis Corporation in 1997. From here onwards, mocap companies began emerging across many countries (Menache, 2011, p.16). 1997 could be the turning point for mocap technologies as it became more recognised as a practice in entertainment productions in the coming years. 
[bookmark: _Toc500252103]Mocap from 2000s to the present
“The truth is animators have nothing to fear from mocap, except avoiding it. That will definitely lead to putting you out of a job. My prediction is that within the coming generation of video games, nearly every title will involve at least a modicum of captured motion. Animators will need to learn to, if not embrace motion capture, to co-exist with it” (Stripinis, 2001, par 1).
Mocap started with a bad reputation, labelled ‘Satan’s Rotoscope’ by some animators (Jones & Oliff, 2007, p. 309). However, most game-centric articles from the 2000s onwards have encouraged and embraced the idea of using mocap. Some claim that simple animation cycles aren’t good enough anymore and animators must satisfy gamers by creating realistic motions whilst under a budget (Stripinis, 2001, par 2). Though there are claims that mocap is not suitable for every game, there are is no evidence of resistance when mocap can be used.
Scheduling and planning animations beforehand appears to be the key to capturing quality animations.  There is also an emphasis on understanding that mocap comes with real-world problems as well as virtual ones, as Bungie’s mocap lead Troy McFarland points out “Many times in this industry, people try to come up with virtual solutions to real world problems” (Donovan, 2012, par 10). ‘Winging’ mocap sessions without a plan will most likely waste money and produce useless data (Kines, 2000, par 1). 
Mocap technologies have continuously advanced from the early 2000s to the present. Software is now easier to use, cameras are cheaper, and challenges such as ‘eye tracking movements’ are being overcome (Donovan, 2012, par 1). Old mocap technology required a skeleton to be built based on the actor’s body, now an actor’s data can be applied to a pre-defined skeleton (Stripinis, 2001, par 2). Team Bondi’s facial mocap throws away markers and is still able to capture accurate facial movements. The technology continues to advance with no indication of stopping.
“By no means does motion capture make animators unnecessary; in fact, animators are critical to planning the shoot and then turning the data into something useful” (Kines, 2000, par 1).
Mocap studios can capture animations quicker and often cheaper than having an animator painstakingly hand keyframe each animation (Stripinis, 2001, par 5). However, this does not mean that the 3D animator’s role is replaced by mocap practices. The animations of Rebellion’s Sniper Elite 2 were designed and defined by the development team’s animators as an act of preparation, before deciding to commit to motion capture (Donovan, 2012, par 7 - 9). This was beneficial for numerous reasons;
1. Animations were pre-planned and would act as instructions for the mocap actors
2. Prop requirements and measurements are pre-defined for mocap
3. Animators retain ownership of the animations, despite being redone with mocap
This indicates that mocap and hand-key animations both have their place in a game’s development, and can work with each other when communication is clear (Donovan, 2012, par 6).
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Optical motion capture systems are the most commonly used systems in the videogames. However, there are other alternatives, such as electromechanical systems, that can also be used for game animations. The following table looks at the pros and cons of Optical and Electromechanical systems broken down into 5 key categories (Menache, 2011, pp. 20 – 21 and pp. 29 - 30); 
	
	Motion Capture systems

	Catagories
	Optical Systems
	Electromechanical systems

	Data Accuracy
	Optical data can extremely accurate depending on the number of markers and cameras used. This is because optical systems have a high sampling rate. Using groups of markers can also approximate an actor’s internal skeleton.

This data requires extensive post processing, and thus operating costs are high.
	Electromechanical data can capture in real-time at a low operating cost. Also, the range of data captured can be large. These systems can do this because they capture at a low sampling rate.

A low sampling rate means that data accuracy is much lower than optical systems. Also, these systems often place a constraint on human joints, restricting movement.


	Cost
	Optical systems are expensive. A low-end system can cost over £25,000, whereas a high-end system can cost over £500,000.
	Electromechanical suits are less expensive than optical and magnetic systems.


	Occlusion
	Optical systems struggle to capture data when the markers are occluded. Capture sessions should be carried out in a controlled environment, away from reflective noise and yellow light.
	Electromechanical sensors do not suffer from data occlusion.

	Configuration
	Markers can be easily configured. 
	Sensors are usually fixed.

	User-friendly
	Actor’s performances are not restricted by wires or cables.
The performance area can be very large depending on the camera/ marker setup. The system can several actors at the same time.
	Electromechanical suits are portable, however most systems do not calculate global translations. These systems can also capture multiple performers, provided there are multiple suits.



By comparing the pros and cons of each system, it appears that electromechanical suits are more convenient due to portability and low cost. These suits may be a suitable option for low-budget game studios, or as a beginner-level introduction into mocap production. That aside, optical mocap systems have a much larger capacity for accurate motion capture. The level of accuracy can be adjusted with an optical system, whereas an electromechanical system is often fixed. The option to configure marker positions, record extremely accurate data over a potentially large performance area, explains why big budget game companies use optical systems over electromechanical ones.
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‘The basic rules of acting apply unilaterally to stage, movies, television, and games. Games, however, present some unique challenges because the aesthetic experience of playing a game is totally different from watching a movie in a theatre’ (Hooks, 2011, p.68).
According to acting teacher Ed Hooks, there are unique problems game designers face when animating characters. The following analysis the problems stated by Hooks in his book, ‘Acting for Animators’.
Hooks claims that it is common practice for games characters to use accessories to mask their faces because facial animation can be challenging, especially for eyes. Humans use subtle eye movement and blinking to communicate. Eye contact is also a way for humans to negotiate their status, for example, low status characters are shy and use minimal eye contact, whereas high status characters do the opposite (Hooks, 2011, pp. 68 -69). Eye tracking is not currently standard practice for games nor movies, however there is interest in merging eye tracking software and motion capture in the future (Dirjish, 2017).
Hooks proposes the problem that game players cannot empathise with the player they control, because empathy requires distance (Hooks, 2011, p.70). He also suggests that a buddy/ companion system is a nuanced way of invoking empathy. Buddy systems crop up in numerous story telling games such as Bioware’s Mass Effect series, Naughty Dog’s The Last of Us, and Platinum Games’ Nier Automata. There is a correlation empathy invoking companion systems in highly rated storytelling games.
Another problem proposed by Hooks is that motion capture is inherently flawed in terms of acting (Hooks, 2011, p. 72). This is because mocap sessions capture human emotions with very little context. Hooks describes the dilemma that when mocap is introduced, everyone thinks about movement too much which leads to stiffened movement. Hooks suggests that performance capture improves this issue, as it allows multiple actors to work in a scene. Ultimately, he concludes that the best way to record a mocap session is to hire an experienced acting director who can bring out make an actor act natural in a mocap suit.
Humans have a range of emotions, all seven being: anger, sadness, happiness, disgust, contempt, surprise and fear (Hooks, 2011, p.71). Hooks claims that it is rare to see a game character that exhibits more than three. This is debatable as Hooks book was published in 2011, two years before games like The Last of Us, which does appear to exhibit a wider range of emotions. Hooks claims that Animators cannot create humor alone, and require game designers and programmers to help envision that humor in the gameplay. This is supported by Naughty Dog’s animation practices, who use a mixed method approach to animation using riggers, mocap, and animations to produce quality results.
Hooks states that motion capture in inherently flawed in terms of acting (Hooks, 2011, p.72). He claims this is because mocap sessions capture human emotions with limited context. Many big budget game companies today use performance capture to remedy this issue, however it is very expensive. Hooks claims that the best way to achieve quality mocap data is to hire professional actors and experienced directors to coordinate the mocap sessions.
Hooks claims that communication is a primary factor to achieving believable, well-constructed animations (Hooks, 2011, p.23). This is supported by the majority of Gamasutra articles published on mocap. Communication between different departments in game development appears to be a key component to creating credible animations.
To summarise, Acting is a key component to achieving quality motion capture data in games. The quality of acting is dependent on the technology used, the experience actors and director have had performing in mocap, and finally the cooperation between departments in the game’s development.
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A side by side comparison of the development processes between animating stylised and realistic characters would provide a greater perspective of the animator’s role in game design. Little information on the animation pipelines for stylised games were found online. Contacting 3D animators and/ or art directors through Twitter and/ or LinkedIn would be useful in determining what processes are undergone to develop animations for stylised characters.
In 2010, Team Bondi’s Brendan McNamara claims that the uncanny valley in game animations will soon be a thing of the past. Mocap technology, graphics hardware, and rendering software have continuously advanced in quality since McNamara’s prediction. What technological limitations hold games back from crossing the uncanny valley today? It would be insightful to gain information from animators and art directors currently in the games industry to determine if, how, and when can games cross uncanny valley indefinitely.
Determining how mocap technology will play a part in augmented reality. Augmented reality (AR) works by superimposing ‘computer-generated images on a user's camera-screen-view of the real world’ (Chang, 2017). Companies such as Apple intend to use AR with smartphone technology as they believe it will create new opportunities for gaming. Xbox had embraced AR and markerless mocap using their Kinect product however it was received poorly due to bad games and unreliable technology. Despite this, many companies have expressed interest with AR and gaming. It would be interesting to determine what technological advancements have been made to bring AR to gaming standards.






















[bookmark: _Toc500252107]Conclusion
Today, Motion capture is in fact an industry standard method in developing videogame animations. There is no definitive date as to when this occurred, however research suggests that mocap in games was used as early as 1994. From 2000 onwards, there are numerous articles in support of using mocap in games. Little evidence has shown contrary to this fact; however, some have suggested that mocap is not a beneficial tool for stylised animations. This is not to say that the role of animator has been lost to mocap. Mocap studios have simply become a cost-efficient extra step in animation development pipeline. Asides from appropriation, the only compelling reason game companies do not use mocap is because quality technology is very expensive. Not only is the technology expensive, but so are the mocap actors and directors whom are essential to coordinating successful capture sessions. Mocap technology has not yet been perfected, however there is a continuous push to improve hardware and software that may indeed reach true realism someday.
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Figure 1: Mori 1970. The presence of movement steepens the slopes of the uncanny valley.
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Figure 2: Naughty Dog 2016.  Ellie mocap session from The Last of Us: Part II.
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