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Where did Motion Capture begin, and what will it become in the future?
Abstract
I have chosen the topic of Motion Capture to research delve into why motion capture was developed and the vision behind it. I will analyse the birth of motion capture following then on into examples of films into which motion capture did well or not so well and an insight into the reason why. I will also look into how motion capture looks to become widely available to all households, and how this may come about. As an outlook, this report will assess whether or not motion capture has a place in the future of animation, gaming and other applications.
Body
The beginning of Motion Capture started between the years of 1980 to 1983 by Professor Tom Calvert specialising is kinesiology and computer science.  “Mocap” as we know today started life out as an exoskeleton of some sort attached to the bodies of candidates. Using analog signals from the exoskeleton, it transferred the data to a computer and then represented it on a premade dummy on screen. It was initially used for choreographic studies as well as clinical assessment for movement abnormalities. The team that created this system soon found issue with the design in that it would partially obstruct movement making the data output seem somewhat unrealistic. 
MIT Architectural Machine Group and New York Institute of Technology Computer Graphics Lab both dipped their toes into optical tracking of the human body. Initially the optical cameras could only track about 12 to 15 points. These points on the body would usually consist of an LED or a reflective spot which would then be picked up by a minimum of 2 cameras, stated David J. Sturman. The technology at the time limited them to how many optical tracking points that could be attached at any one time, however it was obvious that this technology would somewhere down the line be able to cope with the extra optical points and yield a greater detail of movement that could be captured. The multiple camera setup is limited in a few ways, first and foremost each camera was massively expensive to produce. The other problem which still presents itself today is that the cameras must stay still, as well as tracking the markers on the actor. This became the biggest hinderance to the motion capture as it seemed like this was the only fault in the design. The quick solution to this was to do the movement repeatedly with different camera placements and then patch it up in 3D space. 
If we fast forward to 1999, George Lucas took a gamble on motion capture with the character Jar-Jar Binks in the Stars Wars Episode 1 – The Phantom Menace. Film companies tried motion capture for small special effects like in The Mummy which used the same optical markers on Arnold Vosloo to create the decaying look on his face. This effect was received well by the audiences and this marked another acceleration in the technology allowing minute details to be tracked to moving objects. This meant that less time was spent in hair and make up and more time spent shooting and creating special effects after the movie had been filmed. The seemingly small change actually helped film companies in that it tend to save a lot of time and also saved them a bit of money.
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However, none had tried a fully digital main character using a version of motion capture before, and so it was a risk. Ahmed Best, the one who voiced Jar Jar Binks had the inspiration for his character through reading bed time stories to his kids. He initially got hired to be the physicality of Jar Jar however after hearing there was another post for the voice, he sent in 6 different voices, and got pointed out again. The initial character was supposed to be there for comical use only and played very little in the overall story. This was believed to be the reason why he wasn’t received well amongst fans and it felt like the character was put there for the hell of it and to simply show off cgi-motion capture as a concept. Jar Jars character was in the end widely disliked by the fans and audience in fact almost everyone, yet many realised the potential for motion capture. One of the many that accepted this new technology as a vision of the future was none other than Peter Jackson; who we now know to be arguably one of the greatest film directors ever known. He used a character called Gollum who was a deformed hobbit; plagued by schizophrenic tendencies. On one side a shadow of his former self, a very innocent and simple being. The other side, an evil character obsessed with obtaining the one ring of power. Initially the technology was clunky to say the least with the actor Andy Serkis who played Gollum having to record every scene 3 times perfectly (let alone the scenes that were not used) for the animators to get a version with him acting with the rest of the cast, him talking off screen whilst the cast act to an invisible dummy and then another with him acting on his own in the full motion capture suit. As you can tell this was a huge hang up for Peter Jackson as everything would take much longer than he required making the movie. He tried to save on time by making radical changes to the general pipeline by filming all three films at once. This saved time by being more organised and so they wouldn’t have to send the production team around the world 3 times, they would only have to do the trip once and stay there for longer which ultimately saved them a huge amount of time. This offset a substantial amount of time wasted on set.  After the first movie aired it was obvious how big a hit Gollum was along with the lord of the rings franchise. Whilst filming a scene from the 3rd film they opted to take another look at their setup to stream line the production process to save time and money. They realised that filming everything 3 times was absurd and that they had to find a way to solve this. Jim Rygiel who was the Visual Effects supervisor at the time was given the complex task of being able to optimise the process without taking time away from the onset actors. He did this by making Andy Serkis wear a white leotard (nothing new there) and then using the cameras to track the “ping pong balls” on Andy Serkis’ suit to create a real-time representation in 3D space. This meant a couple of big things for the studio, they could have a more lifelike motion capture as the data would be straight out of acting with other actors and not dummies or blank space, and also that having the data then and there on screen allowed the director to glance over it quickly to see is he was happy with it. Overall this boosted the quality in which the shots where Gollum was present. Another great thing with this method was that the actors didn’t have to get 3 good version of a scene, they could simply get it right the once which meant much less clean-up work for the animators and visual effects artists after shooting the films.
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In 2005 King Kong was released, following the initial popularity of Andy Serkis from The Lord of the rings Trilogy then went to become King Kong himself, yet another main character in a block buster film. Using stilts to raise the shoulders to better portray an ape, it allowed him to carry himself in a more ape like manner which allowed clean up artists to easily tweak any movements. This would have been much harder without the stilts as there would be a lot of guess work involved in inspecting the raw film footage, and adapting the 3D motion capture data to better interpret an ape. It was obvious that studios were getting more creative with how they implemented motion capture. King Kong was a relatively big hit and much of it was attributed to Andy Serkis and his experience with motion capture and the innovation to see further into what motion capture could soon become. Following his success, he carried on making the new releases of the Planet of the Apes saga release in 2011. Starring the usual Andy Serkis as Caesar he carried on breaking the known boundaries of motion capture with his team. A previous challenge with motion capture is that you could only have 1 character on screen using the suits as the cameras would not be able to distinguish between the 2 characters. The team came up with a solution to give each locator a reference to the suit, so that when this was digitally created the locators would colour coordinated to separate the characters. This was because technology had advanced so much since the creation of Jar-Jar in 1999 to 2011 that they were able to have multiple characters using motion capture on screen at any one time. This shattered what was widely accepted at the peak of motion capture when you could track as many characters as you could want, the only down side was the cost at the time. Following this he got a role as assistant director in The Hobbit trilogy; he helped create the world of Lord of the Rings in an epic visual tale and, so he felt it was a huge nod to him and his work when he was asked to help direct it. During The Hobbit movies he was also able to use his expertise in motion capture to do one of the first human to creature rigs which enabled Benedict Cumberbatch to play and act as Smaug. He was able to simply use his arms to drag his body around which would allow animators to grab a hold of the locators on his upper body and face to accurately map them on a dragon model.  This was quite significant as normally the motion capture software had been used on bi-pedal creatures and so to have it on a quadruped with a tail and elongated neck was awesome for the technology. They had done this so well and captured Benedict’s movements and mannerisms so precisely that they got great feedback from the audience, making it an extremely likable character even though he was the antagonist in the trilogy. They effectively recreated the magic formula to Gollum and recreated it with Smaug. Gollum will forever be more impressive however, as it was the first time for a lot of things when Gollum first came to our screens. 
At around the same time as Rise of the Planet of the Apes, Serkis created his own motion capture company alongside film producer Jonathan Cavendish called The Imaginarium Studios. This was a production company and creative digital studio made specifically for the creation of believable and emotionally engaging digital characters said the Financial Times. His company were able to sign a few notable contracts such as The Bone Season, The Hobbit Trilogy, Breathe and Jungle Book. He even ventured out into somewhat unchartered territory with the music band Coldplay, making a music video for the band using motion capture to create and film chimpanzee versions of the band members. This was the first music video to feature motion capture, several cg characters and a well-known band. The general consensus was a good one however many did comment on the “creepiness” of the characters. Never the less a job well done by arguably the motion captures front man and his company. 
[image: Image result for avatar]Another film which capture the dreams of many was Avatar. Directed by James Cameron who is also the writer and director of The Terminator, he set out to create a world and adventure unseen by anyone before. The story revolves around a disabled military soldier named Jake Sully who has been pulled in to another world due to his brother (and genetic match) having signed up for an extremely expensive procedure of creating his own tall, blue and primal avatar to communicate with the inhabitants of a planet called Pandora. The idea was to use these avatars to gain he inhabitants trust and to usher them to safety so that the corporate bosses could get the “Unobtainium” as it was named in the movie. This mineral was exceptionally useful for Earth as it was able to solve an energy crisis. The problem being that the biggest source of this mineral was located right underneath the Na’vi (native population)’s home tree. With the avatars being thrown into their culture and having to learn their ways over some time the corporate bosses got impatient and suspected the people they tasked with moving the Na’vi had “changed sides” as it were, and so the bosses initiated brutal force and sent a small aerial army to rain down missiles at the roots of their home tree to topple it over.  With them homeless Jake Sully uses his presence and his military mind to fight back against the bosses to protect his old friends and new-found friends in the Na’vi. The reason I mention this film in this report is that this was another huge technological leap in motion capture history. The film was effectively 10 years in the making before it was released in 2009, it was said that the production cost was around the $400 million mark with many studios stopping the pitch as soon as they heard that. Cameron sat on the idea for about 5-6 years before trying again, this time successful. The film made nearly $3 billion in the box office, which was absurd numbers then and is still to this day. The reason for this; many small yet intricate details which all knitted together perfectly to create the world of Avatar. The team behind the movie created a whole new camera and system to better capture the movements by the actors. 
The camera setup up was called Simul-Cam, the idea behind this was that this special camera would be able to translate the actors’ movements (with the fancy leotards) on to a CG environment made prior to the shooting in real time. This allowed for greater understanding of the world they were exploring, this also helped in seeing a near finished render in real time so that the director could alter anything then and there if it wasn’t to his liking. The problem with this system was that if you were to use the high-quality lighting that Cameron wanted something would have to change. The lighting was interfering with the motion capture suits where it was struggling to distinguish between the highly reflective markers on the mo-cap suits and then reflections on surfaces from the lighting setup. Glenn Derry was approached with this problem and to try and find a solution that allows Cameron to be able to run motion capture in high detail with high quality lighting setups on a consistent basis. The solution that Derry found was that he was able to create a syncing system along with using LEDs on the motion capture suits instead of reflective strips. The reason this worked was that he was able to sync up the camera and the LEDs to record and flash at the same time happening every 20 micro seconds. This meant that the overall lighting setup was the same and the camera would pick up these quick flashes with high quality detailed movements. 
The other invention was the 3D fusion Camera, Vince Pace created this with the same idea as was used in early creations of 3D glasses with the blue and red tinted parts covering each eye. The way this works is by using a different tint of each eye, it creates the illusion of depth. The idea is that using this system you can do the same with 2 cameras side by side, with a slightly different tint through each camera. This meant that normal filming would now look much more like a 3D space and have much more depth to it than mere camera tricks used previously. Avatar was also one of the films to champion the facial camera to be able to pick up more detail in terms of facial wrinkles, eye twitches and other subtleties which bring out the humanistic features which are more relatable to an audience. The facial rigs named FACETS, consisted of an open helmet with a small HD camera placed on the inside of the chin bar. Using flat lights around the studio also helped as this created a better platform into which the camera could pick up the points on the face. This allows for better facial tracking; however, it also helps with having close camera angles to help animators better express what the actors are trying to show. 
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Once the facial cameras had surfaced other companies start experimenting with the same technology but adapted it to create something that was almost unobtainable at the time. David Kariuki reported that Wolfprint 3D among others had been creating a camera that would not simply just be a helmet that would you stick on your head and that be the end of it, oh no, they wanted to go bigger and better and, so they created an egg-shaped scanning booth. Now this upon first hearing it doesn’t sound all that impressive, but when we look at the first iterations of body scanning it tended to leave what is known as “tearing”. The scanner would be moved around the body and try and take pictures to tile the object in its focus. The issue with this method is that the seams between the tiles were normally very noticeable and looked like tears in the object. The reason this happened was because the scanner was either hand help or could only rotate around the object in layers using several scans of the body and then trying to compile them all at the end. This as you can imagine was a timely process and required very expensive equipment to make it work. The Egg-shaped booth was trying to address all these issues and make it cheap and accessible to all. Initially these scans are free to the public with 4 location already used, [image: Tim Toke]there are plans for over 60 more in the US alone. The way this company is looking to utilise the business side and to make money to continue the product is by targeting the gaming sectors.  With the egg-shaped photo booth showing a sizeable increase in quality of captured data with the extra positive of it being much quicker than more widely known methods of scanning data into a computer. Timmu Toke, CEO of Wolfprint stated in an interview that “We are working with several gaming and virtual reality companies that use our scans in their experience to create realistic game characters.” The reason the egg-shaped booth has become such a hit is that its so easy to participate in. You enter the booth and stand in the middle, and then 6 cameras will move around the egg taking a photo of you from several angles, this is then compile in a software to stitch the images together. You may ask, well how do I retrieve the data that its scanned? The egg-shaped booth takes care of that by asking for your email address and then once the data has been compiled sends you the link in a 3D object file which can be 3D printed from the get go. Toke said that “We plan to use all the existing and upcoming technologies to make our avatars look and feel as realistic as possible”. Future plans for the company include attaching all scan data from all their booths to a data base (with customer consent of course) which would link to the gaming industry where they could pull scans from every day people easily without having the hassle of finding the person they want the scan from in the first place. It means that the more people that use this technology, the bigger the gaming industries resources become in terms of the characters. This is great as it allows Wolfprint to be able to give a substantial amount of people an insight into VR which normally wouldn’t even be exposed to it at all, but with no cost. This may also open up a business plan for multiple people to be scanned at once for e.g. a family portrait as a 3D printout would be a very marketable idea so that they could make revenue from that to continue to grow and be at the cutting edge of technology. 
Throughout this time many players had bought in to the motion capture vision to develop a new type of gaming known as Virtual Reality. Although VR was invented initially in the 1960s the quality was always far behind that of current gaming/animation technology even to this day. The hang up on the older VR sets is that it only included a headset, which meant there was always a limited amount that you could immerse a gamer, there was however, a revolution in the VR world which started with the surfacing of the Oculus Rift in 2010. This was invented by Palmer Luckey however the prototype was only capable of doing rotational tracking, it included a helmet with a screen where your eyes were so that you could see VR, but the improvement was that joy sticks were handed which you could pick up and move around, they would be picked up by the receiver and translate in to hand movements on the little screen in your helmet. There was a sense of excitement, a buzz if you will, as everyone soon figured out that this was a huge step in VR. The introduction to hand held trackers showed a possibility of not only having a head and hand trackers but maybe even go into the realms of more tracking points so that more detailed games could be played. At the moment only games with very limited visual complexity can be played as adding more into the scene of an already demanding system could ruin the experience by having the frame rates drop or the movement on screen lag behind the movement you’re doing. This counteracts the feeling the developers want you to feel, as a preventative method they put a cap on the number of objects allowed in scene as well as the quality of texturing.  In many of the early games it was put down to just block colouring which may look basic but it would still immerse you into the surroundings. The idea of limiting objects and texture in games is not a new idea however the more tradition sense of digital gaming allows the user to have flawless frame rates and so it is a smooth feeling whereas the VR side of things requires the object and texture limit to simply play the game without it crashing. Many people realised the potential of this product and it stir quite a lot of attention, even to the point that in 2014 Oculus VR was bought up by Facebook for $2 billion, Mark Zuckerberg himself tried out the Oculus and enjoyed it so much he bought out the company. Zuckerberg wanted to try and incorporate the VR capabilities of Occulus Rift into Facebook, a company that he is CEO of, to use the technology to create more of functionalities within the social messaging website. He saw it as a way to possibly improve the video calling function whilst having software to track the persons movements without the bulky apparatus that would have to be worn so that you could have 3D video calling. The other function that he thought could be improved was the renowned Facebook games. These games were simple in design and didn’t require that much to run them so in a sense there were ideal games to be converted into a VR setting. With simple task like picking up and moving objects, the games in Facebook don’t have quirky strategies and mechanics to cause problems for the capabilities for VR. 
“At this point we feel we're in a position where we can start focusing on what platforms will come next to enable even more useful, entertaining and personal experiences,” Zuckerburg wrote in a status update as the acquisition was announced in March.”
This quote from Mark Zuckerberg proves that he is embracing VR; a type of motion capture into a program that was initially designed simply to keep in touch with friends and family. After seeing the success and potential of Oculus Rift other companies began developing their own version of the technology in a bid to win more customers in the market. Sony’s Playstation brought out the Playstation VR as well as HTC tackling this with the HTC Vive. After Xbox’s initial attempt at VR with the Kinect all went quiet in terms of creating a new platform that would host VR. The Playstation VR have taken over as the VR leading platform as they don’t necessarily need the Playstation console itself to run. Many people have been using the VR set with ordinary computers with a small download to allow the technologies to communicate you can have a VR computer using the Playstation controllers. This is part and parcel of why they have done so well as they haven’t just targeted people with their own console but a much more wider consumer base with stretching to computers as well.
Thomas Husson mentioned that “VR will take a couple more years to move from its chicken-and-egg dilemma,” this meaning that VR hasn’t quite stretched its legs enough to take everyone’s attention, but it will soon. Microsoft firmly believe that the technology is much better on a Windows PC platform offering a vastly superior experience over the consoles. They are therefore, for the time being, focusing all their VR efforts into the PC platform. With all these competitors fighting to try and win customers with a unique VR experience the price for the average consumer will decrease making VR/motion capture available to a wider audience. Vr has come a long way from its initial bases within the motion capture frame work of initial medical uses, to going into films and then following into the games. The technology has become much cheaper and easier to setup with a much simpler package being produced for gaming implementations. There tends to be 2 leading styles of motion capture for gaming, one relying on a three-component setup; this being the Xbox Kinect platform. It uses an RGB colour VGA camera, a depth sensor and a multi-array microphone which allows the Kinect to determine body type, facial features and where or not something is in front of behind you for example when you wave your arm in front of your body it will track the arm without having too much difficulty. The other example started with the Nintento Wii using there controllers with a locator to track the hand motion, the rest of the body would then be worked out via the locators angle. The Wii was a very early exhibit of this technology, which was regarded as quite clunky, many bugs with the tracking put people off the technology however many more people saw the potential and stuck with it. Soon after Sony’s Playstation VR hit the scene following the same path as the Wii however much more refined and less bugged, this technology flourished and has been the platform for many studios wanting to give VR experiences to as many households as they possibly can. With the Playstation 4’s sales being at $35.9 million in November 2013 according to Chris Smith, www.decluttr.com, this shows PS4 as almost doubling the Xbox One sales which could arguably be because the Xbox simply didn’t focus on a VR segment. Traditionally the Xbox would far out sell the Playstations, especially when it came to America. This might show possible patterns in how the public want to game, the shift from the normally prevailing Xbox to Playstation may show that VR was a much more vital part to the customers craved experiences than originally thought.

In conclusion we can see that motion capture was a very necessary invention to have as it has allowed many people to save a lot of time and money in order to create accurate scan data for medical and entertainment purposes. In the beginning the technology was flawed in doing the one this was designed for, and so I think the entertainment industry have pushed this technology much further then it ever would have gone if it was simply just a medical way of observing disfigurements. With these new advancements and investments in the technology has now been much better optimised to deal with the problems it had in the early stages. Now it can map out a disfigurement without even being on the body to track it, it wouldn’t impede or tamper with the results as the patients wouldn’t have anything apparatus fixed to their body and therefore would act normally as if there were no changes. This is quite a big deal even on first glance it doesn’t seem too ground breaking, this is because seeing an impairment in its true colours instead of distorted by apparatus make it so that the doctors can more accurately diagnose any issues the patients are having. Similarly, the animation industry has benefitted extremely well by the technology, implementing characters in possibly dangerous environments without having the actor’s safety threatened at all as well as finding ways to make complex creatures which would be extremely difficult to make otherwise with traditional visual effects. This was done in Lord of the Rings with VFX however this came at a huge cost, instead of having a mostly complete performance with motion capture, the VFX team would have to apply makeup and other items to achieve the same look which takes up valuable time. 
In terms of game applications, I think that motion capture-like technologies will thrive as more and more people want to experience a fully immersive game. The headsets and joy sticks created by some of the main brands of consoles are a huge step forward in testing what consumers want and if the respond well to the technology. As of yet the foundation is there for the exploitation of motion capture with many of the consoles and computers being powerful enough to achieve 4k gaming. This is relevant as VR will ask just as much of the consoles or computer that you are on. IF this technology tried to go widespread say 5 or even 10 years ago it would of simply not took off as all of the hardware to run such a system was extremely expensive. As the price comes down the consumer base will slowly increase. The idea that small pod simulators would overtake controllers in popularity may be a long way out but it will slowly switch to the more immersive experience, the reason why it will take so long is right now the technology is too expensive and big for the average household and so until the technology becomes cheaper and more compact little progress will be made. There are also live version of small tracing platforms used for first person shooter games which allows you to control the walking pace of the character, which is again an extremely impressive experience. Scanning data is becoming more and more popular in several ways, the ability as mentioned previously to scan a large number of people without charging them could potentially make the possibility for more believable characters in games. The fact that Wolfprint is not the only company that is doing this does seem that this is going to be the way forward as so many people are investing money into this technology. The idea that games companies can get their crowds of people from real life people will also be quite a cool claim to fame if they ever ask the people if they can use their scan in a game. 
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