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Abstract
This report aims to compare motion capture and keyframe animation and highlights any differences in quality or similarities both methods have in common. The main objective was to see how long it would take to create the animations and see if there was any differences in quality between methods. Tests have been conducted by creating animations with both methods using MotionBuilder for motion capture and Maya for keyframe. The completed animations were surveyed by peers and the results were calculated. The surveys asked the participants to rate the quality of the animations and the reasons why they thought the animation was good or bad. The results indicate that using motion capture to animate took longer than keyframe animation but the quality of motion capture was rated higher than keyframe animation, and looks to be a more viable method of animation for humanoid characters.

Contents
Introduction	4
Literature Review	5
Motion Capture	5
Keyframe Animation	5
Maya	6
MotionBuilder	6
Methodology	7
Pre-production	7
Software	8
Testing	8
Results	10
Time table	10
Survey Results	10
Analysis	11
Pre-production	11
MotionBuilder	12
Maya	13
Survey Results	13
Conclusion	17
Further Work	19
References	20
Bibliography	22
Appendix	23
Appendix A	23
Appendix B	24
Appendix C	25



[bookmark: _Toc501036770]Introduction
When animating for films or games the main methods that are used for animation are motion capture or keyframe animation. The literature review will go into more detail on the various methods of motion capture and what it is as well as keyframe animation. This test will focus on finding out how long will it take to complete each animation using both methods and drawing comparisons and differences from the results. Motion capture is seen as a cheap and fast way of animating characters and appears to be more popular than traditional keyframe animation (Pluralsight.com, 2014). Keyframe animation is the simplest form of animating an object by giving it a start state that changes overtime (Arch.virginia.edu, n.d.). Both methods are viable for animation but this test aims to highlight if this quality can be measured. By seeing how long to complete the animation and adding in the factor of a quality review from peers, this report aims to find out if the time taken to create an animation changes the difference in quality between both methods.

[bookmark: _Toc501036771]Literature Review
[bookmark: _Toc501036772]Motion Capture
The earliest form of motion capture, also known as ‘mocap’ for short, was implemented in 1914 by animator Max Fleischer and the method was called ‘Rotoscoping’ (Dent, 2014). Rotoscoping involved using live footage of an actor and then drawing over them frame by frame (LaBracio and Dickey, 2017). 
Simon Kay (Mocappys, 2017) describes Motion capture as ‘In its simplest form it is the recording of the motion of an object by a computer using a series of sensors. As a process it is the planning, recording and integration of that data…’ He goes on to say the harder part of motion capture is applying this recorded data onto a digital model. 
Motion capture can be accomplished in many ways, such as mechanical, optical, electromagnetic or inertia.  Mechanical capture is when the actor wears a metal exoskeleton structure with built in sensors and when the actor moves the structure follows its movements and records the digital data (Ribeiro and Vieira, 2016). Optical capture is when the actor wears an outfit with markers on specific joints and the data is recorded through cameras without the need for any cables attached to the actor (Ribeiro and Vieira, 2016). An electromagnetic system uses a series of magnetic receivers on the joints of the actor which then measures the position of the joint in the space and the signal is picked up via antenna (Ribeiro and Vieira, 2016). An inertial sensor measures the acceleration from where the sensor is placed and recorded digitally (Ranga, 2013).
Motion capture is more useful to animate a game character that is a realistic looking character. In the book ‘Introduction to Game Development’ (2010) by Steve Rabin, Tito Pagan talks about the various methods of animation. According to Pagan (2010, p 765) ‘This approach to animation (motion Capture) is often a quick and precise way of getting realistic motion onto a non-cartoon game character.’ Pagan (2010, p 765) also states that using motion capture can be quite costly and if there are any problems with planning or recording then it can cost even more time and money.
[bookmark: _Toc501036773]Keyframe Animation 
A key frame is a location on the animation timeline which can mark the beginning or the end of a sequence (Computer Hope, 2017). By that definition key frame animation is when you transform an object or a character skeleton over a period of time by using key frames (Knowledge.autodesk.com, 2017). Keyframe animation can be done digitally without needing a recording set or any camera’s, all is required is the digital character with a rig. When referring to rigging, Pluralsight (2014) states: 
‘In its simplest form, 3D rigging is the process of creating a skeleton for a 3D model so it can move. Most commonly, characters are rigged before they are animated because if a character model doesn't have a rig, they can't be deformed and moved around.’ 
Since you don’t have the motion data that you acquire from using a motion capture studio you can rearrange the keys and copy the properties onto another object or even stretch the length of the animation (Knowledge.autodesk.com, 2017). 
[bookmark: _Toc501036774]Maya
Maya is a 3D animation and modelling software used to create animations as well as 3D models (Rouse, 2005).  Within Maya, key frame animation can be achieved by using the timeline and setting the frames manually. The user has a digital character that is rigged to allow movement and then mapped out using the timeline. 
[bookmark: _Toc501036775]MotionBuilder
MotionBuilder is a software that can be used to ‘clean’ motion capture data as well as various other animation based tools. The software allows the user to import the data and then place it onto the digital character which then will move according to the data that was imported. The method of cleaning the data involves fixing and smoothing any problems in the footage, such as out of place limbs or incorrect rotation (Docs.autodesk.com, 2014).


[bookmark: _Toc501036776]Methodology
[bookmark: _Toc501036777]Pre-production
The motion capture equipment to be used will be a Vicon optical motion sensor as this will give the most accurate data for recording the performance. However if the Vicon equipment isn’t available for use an Inertia suit is also available as a backup. Since the inertia suit uses an acceleration based system it will give less accurate data compare to the optical system but it will still give usable results.  The actor will record a walk, a run and an idle animation as the test does not need complex amounts of movement. While the actor is being recorded with the Vicon system, cameras will also be set up to record the footage of the actor walking. This will be used for the key frame animation reference, this way both the motion capture and key frame animation will be using the same footage so the final product should look similar. The keyframe animations will need an already rigged character to start animating with, so a pre-rigged character will be provided. The character will be humanoid as it needs to have the right deformations to match the same shape of the actor. For this reason the unreal mannequin will be used as it’s free and open to use (See Figure 1).
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Figure 1. The unreal mannequin that will be used for the animation

[bookmark: _Toc501036778]Software
MotionBuilder 2018 will be used for the test as it is available on all the computers provided in the university. The method used for MotionBuilder will be the actor method to get the motion data onto a skinned character. This involves using the motion capture data in MotionBuilder and attaching it to a blank actor in the scene. This can show where any deformations are happening and if there are any problems in the recording. When this is complete the actor is then swapped out for the character model that has been created and then they begin cleaning up the animation. This method is the industry standard method of getting the data onto a character. 
Maya 2018 will be used for this test as all of the university computers have it installed so it has the easiest access too. Maya will have the character in a scene already rigged and ready to animate as the rigging process can be quite time consuming and is not needed for this experiment as its focusing on the animation itself. The rigged character can be moved in the scene and if a key frame is placed the current pose can be locked in that frame. When another frame is placed further down the timeline and the character is in another pose it will create in-between frames which links one pose to the other. This is the standard method of animation and it will be used to complete the animation cycles. 
[bookmark: _Toc501036779]Testing
The maximum time set for the test will be 4 hours per animation. This way, when a time limit is set and the method has taken longer than 4 hours the result will be considered as not finished and will show the method took too long. The three animations will all be cycles as this is common in video game animation and each will need to be looped, which requires the animation to be edited to fit this criteria. The three animations will be edited on MotionBuilder then on Maya and then the results will be compared in regards to time and quality. The animations won’t be worked on all at one time as working on one animation and immediately working onto the next one may leave fatigue or disinterest in the test. For this reason a minimum 1 hour break between the animations will be given so that the test will still give results and the test subject does not lose their work flow. The times will be logged in a table (Appendix A) to keep the data saved. 
To measure quality, a survey (Appendix B) will be used that asks which animation looks better. This will give a number rating on which animation is preferred. This is because the test aims to see if the time taken to complete the animation can influence the quality. The survey will ask the user to give the animations a rating between 1 (low) and 5 (high) as well as the reasons for their rating. The numbers will then be added up to create a total score for the animation and an average score to get an estimate of the overall rating. When the animations are completed they will then be exported to the unreal engine and placed in a scene to be viewed by the participants in the survey. This will ensure that when the animations are placed within a scene and viewed the participant’s won’t know if the animation was done with keyframe or motion capture by looking at the user interface. Jakob Nielsen (2006) states ‘When collecting usability metrics, testing with 20 users typically offers a reasonably tight confidence interval.’ Using this as a base number, when collecting data for the quality survey it will be given to a maximum of 20 people as this can give a satisfactory number on which animation looks better. The minimum amount of people will be 10 as this can still give a decent estimate of which animation is preferred. 


[bookmark: _Toc501036780]Results
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Figure 2. The results for the animation time
[bookmark: _Toc501036782]Survey Results
[image: ]
Figure 3. The results from the survey

[bookmark: _Toc501036783]Analysis
[bookmark: _Toc501036784]Pre-production 
The motion capture was recorded using the inertia suit rather than the preferred Vicon optical system, but the recordings were successful and the data was recorded. Two video cameras were also set up to record the actor’s movements for Keyframe references, however due to the lack of recording space separate takes had to be recorded after the mocap session which meant the references wouldn’t reflect the captured data. The mocap data for the run animation was too problematic to use so this was taken off the animation list and the idle and walk were completed successfully. 
To try and improve the work output Maya 2018 and MotionBuilder 2018 were going to be installed on personal computers but there were problems with installation so most of the work had to be done in University. All the time results were then logged into the time table (See Figure 2). The animations had to be done in separate sessions as they were worked on around the University schedule which meant there were breaks in-between lectures which meant the animations were done in segments rather than one continuous session. 
Using the Inertia suit instead of a Vicon system was an immediate problem as the inertia suit needed space that we couldn’t acquire at the time. The Vicon system has its own dedicated room but it was not set up yet so it couldn’t be used. The inertia suit required software, AnimaDemo, which was only available on very few computers in the University. The data had to be recorded in the hallway rather than the room and if the actor walked too far then the suit would lose connection to the computer which would result in little or no data.  This made a lot of the recordings have very choppy data with frames missing. This meant when the recording was played back there was very little accurate data to work with. 
Recording the animations in the hallway rather than a dedicated space resulted in a problem with recording the actor with cameras for the keyframe animation. The narrowness of the hallway meant it was almost impossible to record an accurate recording from the side view of the actor. Also the cameras were rented out from the University so there was a time period to use them before having to give them back. So instead of recording the actor while they were in the mocap suit the references were recorded at another date. This meant that the motion capture data wouldn’t be the reference for keyframe animation. This was only a small problem as the main reason for recording to mocap session was mainly to create a reference that would be the same for the keyframe so having the animations looking slightly different from another shall not affect the test too much as one of the aims of the test was to see how the quality is different for each method.
After the set-up and a few initial recordings it came to our attention that the jump setting in AnimaDemo was switched on. The setting allows the user to record jump animations, however it is very inaccurate and is almost always turned off. Upon the realisation that this setting was on it affected all animations recorded up to that point. Another animation was recorded after this with the jump turned off hoping this would provide a more accurate recording. The motion capture was all captured in one long session which was successful with some minor problems. However this data was crucial to the motion capture clean-up, which meant having bad data from the start was already a negative for the clean-up method. The run animation encountered many issues as the actor didn’t have enough room to record a decent run. This was due to the actor having to record data in the hall due to the lack of space. This meant there was a small window to get the run data which took a few attempts before it provided some satisfactory data to work on. 
[bookmark: _Toc501036785]MotionBuilder 
Using a marker system in MotionBuilder means dragging each joint from the mocap data onto a skeleton so that each joint reflects the correct joint in the marker. This means if a joint is in the wrong place it could mess up the animation when placed onto a character. Another issue occurred when setting the marker system to active, which means the character is actively following the mocap data. However when the marker system was set to active the character would ‘explode’ and not follow the data. This happened in a previous mocap project and it was fixed in the same way. In the options for the marker system was an orient joint tick box, when this was set so all joints would orient there were no problems when the marker system became active. Though this was a small problem with a simple solution it can easily take time when the user has little experience with the software. 
Naming conventions were an inconvenience when setting up a character in MotionBuilder. The skeleton for Unreal uses different naming conventions in the engine so after exporting the character all the joints had to be renamed in Maya. At first the character was imported into MotionBuilder then when placing it onto the marker set it wouldn’t work at all as it was trying to read data that wasn’t there. This was easily fixed by renaming them but was an issue in the beginning as the experience with MotionBuilder was very little. The time table results (See Figure.2) show that using MotionBuilder did take longer than using Maya to animate. Though it was only longer by an hour it does show that cleaning up mocap data can be more time consuming than keyframe animation. The time for motion capture did not take into account the setup time. If this was added to the total time it would have easily exceeded the limit. The actor had to put the suit on carefully then the receiver needed to be set up so AnimaDemo could receive the capture data. Then the process of recording the animations took a full day of recording to complete. While this set up time was not added to the final total of the time taken, it was an intricate and critical part of the process. The Vicon system uses a different method of setting up with the actor still putting on a suit and it may have taken less time but it is only speculation as it was not used.
[bookmark: _Toc501036786]Maya
Keyframe animation requires that the character has to be rigged. In MotionBuilder the animation can be plotted to a control rig quite easily and as long as there was no issue with the marker system then the animation would play correctly. When the character model is skinned correctly so it can move the joints its ready for MotionBuilder, whereas with Maya the character has to have controls put in so the character can move. The process of rigging a character can be very time consuming as each control needs to work correctly with the corresponding joints. Certain joints can only bend certain ways so this needs to be implemented with IK handles and setting limits on the controllers. When all this is taken into account, creating a rig for the character can be just as time consuming as setting up motion capture. For the purposes of this test the Unreal Mannequin was used as it was an already skinned character. With approval from a peer, a rigged version of the mannequin was used for the keyframe animation to save time on rigging. The reason a rigged character was used instead of rigging a character from start was because the aim of the test focused on the actual methods of animation rather than the processes leading up to it. Maya had very little issue when working with it. There was a small problem when selecting the controllers for the character. It would always select the joints first so when animating it wouldn’t key frame the movement as it wasn’t selecting the controllers. To prevent this all the joints were set to not show which easily fixed the issue.
[bookmark: _Toc501036787]Survey Results 
The animations were then judged by peers whom filled in the animation survey (Appendix B). This gave the animations a number rating between 1 (low) and 5 (high) in quality and any additional comments. 10 people completed the survey which was the minimum number of people needed and was enough people to adequately acquire data from. The ratings were then added together and placed into the results table (See Figure 3) which gave a total score from all participants as well as an average score. Since only 10 people completed the survey the total was out of 50 rather than 100 to make up for the lack of participants. From the table (See Figure 3) it’s clear that the motion capture for the idle animation scored a lot higher than the keframed idle animation. The results for the walk animations were quite even through the survey scores and their total and average scores reflected this. The comments were also put into a small table (Appendix C) so that they can be sorted in positive and negative comments. A lot of the comments given by the participants were similar and showed the problems in the animations as well as what was good about them.
[image: ]The survey provided a satisfactory estimate on the quality of all the animations and having the comments from each participant further gave information on how to further improve them. It appears that the keyframed idle animation was the lowest scoring animation that was surveyed scoring an average of 2.3 out of 5. The animation itself had very little positive comments other than it looked like a clean animation (See Appendix C). The negative comments focused on how the animation was very unnatural and jarring. The animation was quite difficult to create as an idle animation can require a lot of complex movement. If the character was smaller and has a more cartoon style to it, it is possible to reduce the amount of movement as it would not be noticeable, but as the character used was a humanoid it was harder to convey the right amount needed. This made the animation look unnatural as due to the reduced movement it was hard to convey what the character was actually doing. Figure 4. The completed idle animations, mocap is on the left and keyframe is on the right

The mocap idle animation had a lot more movement to it which in turn gave it a more natural look. This gave the animation much higher scores overall compared to the keyframe. However it did have its faults. One comment that stood out was the looping of the animation in which the animation wasn’t perfectly looped (See Appendix C). When recording the motion data it felt like there needed to be more of a direction on what the actor was doing. The idle was almost silly as the actor was moving their head around and shuffling their feet a lot. The arm clips through the model in some of the frames and this wasn’t noticed until completion and after it was exported (See Figure.4). 
Another comment was that the animation was really active for an idle pose. Where the keyframe animation had too little movement the mocap animation was seen as moving too much. This is a hard medium to achieve and could possibly come down to personal preference among the participants. However the end result favoured the mocap animation due to the realistic movement that it had. It appears that when it comes down to the amount of movement, more is better than less. 
The keyframed walk animation had much better results compared to the idle. The walk animation seemed a lot easier to make a loop out of as the frames in almost every walk cycle are similar. They start with contact pose, dipping down, passing position, moving up and then repeating for the other leg. When this base concept of animation is used then it is possible to create a walk animation with very little references needed. In this instance the references used for the walk cycle were quite useful in seeing how the character moves and since this was the same actor who was used for mocap the same movement was applied. The comments said the animation even had a perfect loop which was a lot easier to create in Maya. The frames can easily be copied and pasted in the animation slider which meant the pose would look the same on the other leg and gave the animation a smoother look (See figure 5).
[image: ] Figure 5. The finished walk animations, keyframe is on the left and mocap is on the right
The mocap animation encountered a lot of problems when trying to create the loop which was reflected in the comments. MotionBuilder has a few varied ways of getting a looping animation and these were looked into as a viable option. The method used was to create a motion blend in which you add the start frame then duplicate it into the end frame and then the system makes it loop. This may have made the animation loop very easily but it also created a lot of errors. When editing the mocap data after it had been looped would cause it to become a messy loop as the data would try and correct itself. After a few attempts a successful loop was made but it wasn’t without flaws which again was commented on by the participants. Where the motion capture had the usual realistic and natural movement due to this messy loop it wasn’t effective at showing an accurate walk cycle. A comment that was common among the participants was that the walk itself was too fast and more like a jog. This could be down the actor’s walk itself and unavoidable. This could have been slowed down in MotionBuilder but it seems the issue wasn’t present when editing. This again can be down to personal preference but again, it does raise the question on how much complex movement is needed for animation.
Both walk animations had very even scores throughout the surveys and overall came out almost identical. Looking at the comments thought it seems like the walk needs to be further worked on to give a more accurate animation (See Appendix C). Mocap had the problem with too much complex movement and the unclean animation felt like it wasn’t even finished. Keyframing had problems with the speed of the animation as it was too slow. Timing is crucial when it comes to the animations as they can easily be too slow or too fast. This was a common problem in both of them and in Maya it seems like it can easily fixed by editing the animation curves. This solution is harder to achieve in MotionBuilder as the mocap data is worked on directly, whereas in Maya you start with nothing. There are possibly ways to edit the animation in MotionBuilder but this knowledge was not known at the time and the experience in the software was lacking. 

[bookmark: _Toc501036788]Conclusion 
The results overall show the preferred method of animation was the mocap as this gave the humanoid character a lot more natural movement.  This can be seen by the comparison of the scores, even with the walk cycles having almost even scores the mocap still was higher even if by a small amount. The idle animation had varying scores, but mocap easily exceeded the keyframed animation. Having more natural movement seems to be preferred over manufactured movement as this is what gives the animation more realism. Through keyframe animation it seems like the movement was almost alien. 
Where Maya didn’t have any problems with the software, the animation process itself was very complicated if the knowledge of the software is lacking. The animation quality was quite poor as the process of keyframing can be difficult when trying to create a complex amount of movement. This is where MotionBuilder was a lot more practical. MotionBuilder provides the user with the large amount of complex movement which only needs to be edited. When comparing both methods it seems a lot easier to fix movement which has been already given than to create movement from scratch. From the results, one comment received on both the mocap animations was that it looks a lot smoother and has a lot of movement. There were many faults with all the animations but having the movement from mocap made the animations look a lot more natural and generally flowed better. 
If there was more research done before hand it is possible that the problems encountered with the programs wouldn’t have occurred. However it’s hard to predict what problems are going to occur before the animating has started, and looking up guides and tutorials online can always be hard to follow or sometimes even non-existent
When using the software Maya was a lot easier to use. The interface was a lot more simplified and you can easily control the animation through animation curves. Maya’s process involves making the rig for the character when the character has been skinned. This gives the user a lot more control over the animations as they know how the rig works and can even make the rig have custom attributes for the controls. 
MotionBuilder has a much more complicated process overall and felt like it would go wrong very easily. This also was accounted by the time taken to complete the animations as there were many restarts to get it working right. Using a marker system is the industry standard way of getting the mocap data to work but it was such a long and drawn out process. If an error occurred like the model exploding then it had to be started again which caused a lot more delays. Using the fcurves tool to edit the animation was quite easy to use as it mainly involved just deleting frames of animation where it was really messy, then editing the animation with layers was easy. 
It felt more research and experience needed to go into this test and it would have given much better results. If there was more experience the time taken could have been less and the animations would have finished with a much better quality. The time limit on this project was a bad addition as it felt the animations were rushed to try and get finished before the 4 hours were up. This made it feel like it was more about the time taken rather than the quality of the animations and could have made the results quite biased. Having some kind of limit would be needed to prevent overworking on one animation but it needs to be relaxed to allow for more quality animations.



[bookmark: _Toc501036789]Further Work
If this test were to continue then more animation would be added to the list. The run animation would be added as well as jumps, attacks and any other animations that are prominent in the games industry. Also a lot more people would need to be surveyed to get more accurate data on which animation method is preferred. The time limit would need to be rearranged so the animations didn’t feel rushed as this was a big problem with the final outcomes as they weren’t satisfactory. 
This test showed that having more movement for a humanoid character is preferred and mocap can easily give that to a character. This is a much more viable method for animation and would be considered for further projects. Keyframe animation can be used to make animation for more cartoon styled characters as you don’t need all the detail that mocap gives. If it is possible that a mix of these two methods can be used, then some decent animations can be created. However at the current time there isn’t enough knowledge on the software to see how this can be used effectively so a lot more research would need to be undertaken.
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The table used to log the time
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The survey used to measure quality 
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	Motion Capture

	Idle (A)
	Walk (D)

	Positive
	Positive

	· A looks a bit more realistic than B, as the limbs move a bit faster and a little more erratically.
· Movement is more natural
· More fluid motions
· Very active and dynamic movement
· Very fluid and smooth, this made the animation look and feel more natural/ organic.

	· More natural
· More body motion
· Natural arm movement. Feet have good contact touching the ground.
· Body sway whilst walking also a nice feature.

	Negative
	Negative

	· Right hand on Animation A would swing through the thigh of the model.
· Clips a lot
· Not very clean loop.
· Fine-tuning the animation so it lasted a bit longer would make it more realistic
· really active for an idle pose
	· Arms swinging on Animation D felt like they stop to suddenly, it looks like they should come forward just a tiny bit more.
· Looks unnatural
· faster pace than walking
· The arms seem rather lethargic
· right leg especially looks as if the foot loses grip on whatever it’s stood on and flies back faster than the left leg
· Not tidy enough
· More like a jog
· Knees don’t bend naturally. Not a perfect loop.
· Felt more like a jog / powerwalk

	
	


	Keyframe animation

	Idle (B)
	Walk (C)

	Positive
	Positive

	· Overall a clean animation
	· Looks smoother 
· Perfectly loops.
· Body sway whilst walking also a nice feature.

	Negative
	Negative

	· Seems a little unnatural; it’s like it’s trying to show someone having a conversation in a scene with a low number of people, or trying to explain something, but it looks a little slower than what would be expected.
· really unnatural and awkward
· Stilted movement
· less body motion
· Feels Jarring
· Too slow, arms move unnaturally, feet slide across the floor.
	· The arms look like they’re spread out further than normal for a walking animation.
· If it was faster it would look a lot better
· Slower in comparison
· Not much motion
· Too slow, arms move unnaturally.
· Arm/shoulder movements flowed nicely but felt a bit jagged


The table of accumulated comments from the participants in the survey 
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