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Abstract 

This thesis presents a study on how to create a production pipeline using a markerless motion 

capture system for the creation of animations in computer games. The questions the authors 

desire to answer are: Is it possible to create a pipeline that uses markerless motion capture for 

the creation of animations in computer games? And also: Can a markerless motion capture 

system fit in an animation pipeline for games? This thesis is based on previous work by 

Kakee Lau (Lau, 2012), a former student of Gotland University College. He describes a 

pipeline for working with passive optical motion capture for games. To fit the markerless 

motion capture system, there must be some changes to Lau’s already established pipeline. The 

method used in this thesis is based on a pipeline described in Lau’s thesis (Lau, 2012). The 

authors have made some alterations to this pipeline for it to be more suitable for markerless 

motion capture. The pipeline that the authors propose covers the setup of two Kinect cameras, 

the calibration, the recording, the cleaning and the preparation for MotionBuilder. Due to 

some factors that were not taken into consideration during testing, there cannot be any 

quantitative conclusion in this thesis to which system is the better one. Based on the findings 

of this study the authors can conclude that a markerless motion capture system is a viable 

method for game animation creation, yet not giving the same quality of results as a passive 

optical motion capture system. 

Keywords: Production pipeline, passive optical motion capture, markerless motion capture, 

animation, computer games.   
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1 Introduction  

“Motion capture 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. In brief, it is the technology that enables the process of translating a live 

performance into a digital performance.” - (Menache, 2011, p. 2) 

Motion capture is used in multiple fields including: movies, games, for military and medical 

purposes. Furthermore, it is a tool for game studios to quickly create realistic animations for 

their characters. 

One of the more common motion capture systems is the passive optical motion capture 

system, in which the actor that is being motion captured is dressed in a motion capture suit 

covered with reflective markers that cameras then read as data. Having access to a 

professional passive optical motion capture studio demands more money that the average 

independent developer can afford and it is a problem for minor game studios and indie 

developers1 (See 1.3.1.1 Optical motion capture systems and 1.3.1.2 Markerless motion 

capture systems). Although alternative forms of motion capture are being developed. One 

alternative to the passive optical system is a markerless motion capture system. One 

markerless system that advertises itself to be accessible to the masses is iPi motion capture 

(iPi Soft LLC. 2014, A). It uses commercially available depth sensors (iPi Soft LLC. 2014, A) 

to capture motion capture data and does not need any markers to capture the motion. 

The authors found a lack of published research covering anything outside the technical aspect 

of markerless motion capture and the authors could not find a defined production pipeline that 

goes from idea through the process of capturing motion capture data using a markerless 

system and implementing it in a game. Therefore there is a need to research this subject and 

define such pipeline. The authors intend to define a pipeline for creating animations for games 

using markerless motion capture. The authors shall investigate factors such as time taken, 

differences in methods of capturing the motion and the difference of being an actor and 

operator when using both markerless and passive optical motion capture. The method used in 

this study is based upon an existing pipeline made by Kakee Lau (Lau, 2012), but instead of 

using only a passive optical system, a markerless system will also be used. A discussion will 

then follow comparing both systems. 

 

 

 

 

 

 

  

                                                 

 

1 Often small independent developers. Do not have publisher to help publish their games. 
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1.1 Aim and Questions 

Having worked with optical motion capture before and seen how it can be used to quickly 

produce realistic and high quality animations, the authors want to explore other and 

potentially cheaper means of motion capture. There is a lack of research published about a 

definite pipeline for a markerless system and the authors could not find any sources that 

explain the process from start to a finished product. 

The aim of this study is to define a pipeline for creating game animations using markerless 

motion capture. The main question is: Is it possible to create a pipeline that uses markerless 

motion capture for the creation of animations in computer games? 

The authors will also examine the differences in their pipeline using markerless motion 

capture and an established pipeline using passive optical motion capture based on: time taken, 

ease of use, differences of being an actor and operator in the different systems, and which 

system has less errors. An additional question that will be discussed is: can a markerless 

motion capture system fit in an animation pipeline for games? 

The process of markerless motion capture used in this thesis being from 2010 (iPi Soft LLC. 

2010, F), is new compared to the passive optical system, which has it’s been around since the 

1970’s (Menache, 2011). Therefore the authors want to explore the possibilities the 

technology provides and help others to use this type of motion capture. Due to the system 

being newer there have not been many studios that have used this method. By creating a set 

pipeline the authors hope to make this method of creating animation more available to studios 

that do not necessarily have the funds to acquire a full passive optical motion capture studio 

or even rent one. 
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1.2 Background 

The basis of this report is a previous thesis by Kakee Lau, a former student of HGO (Lau, 

2012). In his thesis he presents how, from start to finish, animations for games using motion 

capture can be created. This thesis builds upon Lau’s work by using markerless motion 

capture as well as the passive motion capture system that Lau used in his research in order to 

see and discuss the differences in the resulting animations. Information about the setup for the 

markerless motion capture system will be acquired from iPi’s help site (iPi Soft LLC. 2014, 

D). 

1.2.1 Motion capture 

Motion capture is the process or technique of recording patterns of movement of an object. 

Because the movement that is being captured with this method of animation is from life, it is 

easy to achieve realistic results. It is commonly used today in filmmaking and computer game 

development as well as in medical research (Menache, 2011).  

Different types of motion capture include: passive optical, active optical, inertial, mechanical 

(Menache, 2011) and markerless (iPi Soft LLC. 2014, A). But for this report the authors will 

focus on optical and markerless motion capture. 
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1.2.1.1 Optical motion capture systems 

One way to capture motion capture is to use an optical motion capture system. The optical 

motion capture system uses infrared cameras and markers attached to certain points of the 

subject to track motion in 3-dimensional space (Menache, 2011).  

The most common optical system is the passive optical system (Vicon Motion Systems Ltd, 

2014, Motion Analysis Co. 2014). Its popularity rises from the high resolution and speed the 

cameras can achieve. They are also able to capture multiple actors and large areas depending 

on the amount of cameras. Another factor is that with the passive optical system anything that 

can be marked with the reflective markers can be captured, since it is only the markers that 

are being captured by the software.  

Optical motion capture was one of the first methods to digitally capture motion from real life. 

Among the major game companies that use the passive optical system are: Electronic Arts 

(Electronic Arts Inc. 2012), Ubisoft (Ubisoft Entertainment, 2014) and Quantic Dream 

(Quantic Dreams, 2014). These companies have released AAA games where passive optical 

motion capture was used during development of the games2. Due to its popularity, we will use 

a passive optical system by Motion Analysis (Motion Analysis Co. 2014) as a control sample 

to compare with the results of the markerless motion capture pipeline. The specific 

configuration of the passive optical motion capture system used in this study which consists 

of 12 Eagle cameras hosted at Uppsala University Campus Gotland is no longer purchasable. 

A similar system called OptiTrack using 12 cameras costs $28,382 (OptiTrack, 2014).  

 

To the left (Figure 1): Actor in passive optical motion capture suit with markers. 

To the right (Figure 2): SCEA’s motion capture studio.  

(Sony Computer Entertainment America LLC. 2014) 

  

                                                 

 

2 Battlefield 4, Assassins Creed and Beyond Two souls are examples of major games where motion capture was 

used to create realistic animations for the games. 
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1.2.1.2 Markerless motion capture systems 

One alternative to passive optical motion capture is markerless motion capture (iPi Soft LLC. 

2014, A). Most of these systems use a depth sensor to capture a image of the legs, torso and 

head without having to do any other setup than placing and calibrating the cameras, in 

comparison to optical motion capture software that need the actor to be in a special marker 

suit (Fig. 1) and have a wide open space to house the camera equipment (Fig. 2). 

 

Organic Motion is a company that sells a complete package for capturing markerless motion 

capture. The package includes a cubic capture area equipped with cameras and software. This 

is the only company that offers a complete package of markerless motion capture. Their 

system is the only system that the authors have found during this study being used by large 

game companies, such as Warner Brothers Games and Ubisoft Montreal (Brent, 2013, 

Organic Motion, 2014, B). With Organic Motion’s system it is possible to capture up to five 

people, depending on the capture area (Organic Motion, 2014, A). The setup that Organic 

Motion provides could be very expensive for smaller game development studios, costing 

$40,000 to $80,000 (Takahashi, 2011) depending on the number of cameras in the setup.  

 

Some of the more budget-friendly solutions (not including the hardware) are iPi soft, costing 

$295 to $ 1,495 (iPi Soft LLC. 2014, B) and Nui Capture, costing $399 (Cadavid Concepts 

Inc. 2014). Both software use a similar system, in that instead of using conventional video 

cameras they use depth sensors to capture the motion.  

One of the most sold (24 million units in the first 18 months after release, according to 

Gamespot, 2013) depth sensors is the Microsoft Kinect, released in November 2010 by 

Microsoft for use with the gaming console Xbox 360. The Kinect (Fig. 3) is a peripheral used 

to read the motions of the player(s) and use that data as input for the game. It accomplishes 

this by emitting infrared light that is reflected on anything in front of it. Then an infrared 

camera reads the reflected light as a cloud of dots that is used to interpret what the player 

does. Its intended use is controlling games in conjunction with the Xbox 360, but over time 

thanks to its open source architecture it has been adapted by individuals. Most of the creations 

that use this method of motion capture have been short animated films, for example Under 

The HUD and Practical Problems (iPi Soft LLC. 2014, E). 

 

 
 

Figure 3: The Microsoft Kinect. (Amos 2011) 
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1.2.1.3 Software 

Before developing the markerless motion capture pipeline, the authors searched for a software 

to use when capturing the motion data using markerless motion capture. Two different 

software were investigated: iPi soft and Nui capture. Both software were tested using two 

Kinects in a similar environment and the same camera configuration. The major difference 

between the software is that Nui processes the captured data in real time, whilst iPi soft 

requires the user to process the data in a separate application afterwards. Because of the real 

time nature of Nui, small problems and noise in the data are captured and have to be removed 

in the animation phase. iPi inversely requires the data to be processed, and during processing 

minor problems and noise can be removed before the animation phase. With this in mind the 

authors chose to use the iPi software over Nui capture. 

1.2.1.4 Common Problems 

There are some common problems that occur when using motion capture. Occlusion is a 

problem that occurs when libs are overlapping each other. In the case of iPi this causes the 

software to be confused about where the different libs are. A common error that occurs is foot 

sliding, it is when the feet do not stay in one place and makes the resulting animation slide. 

Noise is an issue that is caused by external infrared light and shadows and reduces the amount 

of usable data. A problem that can occur when refining a take in the markerless system is 

jittering. Jittering is when parts of the body is shaking in an unwanted manner.  

1.2.1.5 Motion capture in games 

The first game that claims to have used motion capture is called Rise of the Robots, released 

in 1994 (Mondry, 2014). Since Rise of the Robots, the use of motion capture has become 

more common and is today widely used in big budget productions from companies like 

Electronic Arts and Ubisoft, for example. The reason why bigger companies turn to motion 

capture is because the demand for realistic graphics and animations has increased. Motion 

capture helps to create realistic animations and also speeds up production (Meta Motion, 

2014). 

There have not been many games using markerless motion capture for their animation that the 

authors could find at the time of this research. As of May 2014, the only published game that 

the authors could confirm has used markerless motion capture during production is Batman: 

Arkham Origins (George, 2013). 
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2 Method 

In order to create a production pipeline for creating game animation using markerless motion 

capture, Kakee Lau’s pipeline for creating game animation using marker based motion 

capture (Lau, 2012) was used as a basis for the markerless pipeline presented in this 

thesis.  His pipeline is chosen because it explains the whole process of creating animations for 

games from idea to implementation in game. The authors will adapt his pipeline to 

accommodate using markerless motion capture instead of passive optical motion capture, 

which is what Lau used. 

2.1 Kakee Lau’s pipeline  

Lau’s pipeline (Lau, 2012) covers the process of creating an animated character for a game, 

from modeling to final implementation in engine. It uses a blend of parallel and waterfall 

structure with a series of sequential steps: 

 
 

Figure 4: Kakee Lau’s pipeline for creating animations using motion capture. Translated by 

the authors.  

 

Lau’s pipeline starts with the modeling of the 3D-character that is going to be animated and 

implemented. It continues with unwrapping in which the character is made ready to receive a 

texture. Next step is rigging in which the skeleton for the character is created, the rig is then 

skinned so the character will follow the movements of the skeleton. When the character has 

its texture and is rigged and skinned, it is ready to receive animation. In parallel in Lau’s 

pipeline is the creation of an animation tree and an animation list to keep track of all the 

different animations that are needed and their relationship to each other. When the animation 

list is completed, it is time to capture the animations with the motion capture system. The 



 

8 

 

motion capture process in the Motion Analysis’ system, which is the system Lau used, starts 

with the calibration of the cameras. It proceeds to marking the actor with 40 reflective 

markers and then continues to the actual shoot where the animations are captured. When all 

the takes3 are recorded, the cleaning process begins. After all the takes are cleaned, they are 

exported to Motion Builder which is an animation software. In MotionBuilder the motion 

capture data is transferred to the already created 3D-character and then modified to better fit 

the character and to remove errors. After the animations have been finished in MotionBuilder, 

the character and animations are exported to a game engine. In the case of Lau’s pipeline the 

game engine in question is UDK or Unreal Development Kit (Lau, 2012). 

 

One section of the pipeline that the authors do not consider to be as satisfactory as the rest of 

the pipeline is the part where the animation is exported to UDK. This is due to the large 

number of game engines (UDK, Unity, CryEngine, GameBryo, GameMaker, etc (Lee, 2013)). 

 

                                                 

 

3 Take: Sequence of motion capture.  
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2.2 Adaptation to markerless motion capture 

The authors found Lau’s pipeline to be a satisfactory pipeline for creating animations for 

games using motion capture as it describes all the steps needed. Some adaptations (Fig.2) to 

his pipeline were made to fit the authors’ markerless pipeline into it. This is because the 

process of working with the markerless system differs from working with the passive optical 

system that Lau used. The testing of the adaptations of Lau’s pipeline will be the focus of the 

results. 

The process of setting up the equipment and calibration is different when using the markerless 

system because there are less cameras and the cameras record in different ways. The shooting 

process is also different in some minor ways. In the software Lau used, incremental numbers 

are added after every take, so if multiple variations of a take are needed, the process is made 

easier. The cleaning process is different in the two systems. In the passive optical system the 

cleaning process is manual while in the markerless system the cleaning process is more 

automatic. When using the markerless system the actor does not have to wear the suit with the 

reflective markers that the passive optical system requires. 

 

 

Figure 5: Picture of the markerless pipeline with the alterations from Lau’s pipeline 

highlighted in yellow. 

2.3 Control methodology 

The same passive optical motion capture system that Lau used will be used to replicate the 

same animations as the authors intend to create with the markerless system, that way there 

will be a control sample with which to compare the results from the markerless system. 
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2.4 Software used in this study 

To perform this study, a number of different software will be used: 

iPi Soft - iPi Recorder 2, software used for motion capture using either Kinects or other depth 

sensors.  

iPi Soft - iPi Mocap Studio 2, the software used to process the data from iPi Recorder 2. 

Autodesk - MotionBuilder, animation software. Can be used to process motion capture data 

into animation files that can be used on a 3D-model. It can be used to edit the resulting 

animations from the motion capture data. 

Autodesk - 3D Studo Max 2013, software for 3D-modeling, animation and rendering. Used to 

create a simple 3D-character that can be animated on. 

MotionAnalysis - Cortex, software used for motion capture in the passive optical system that 

Campus Gotland possesses. It is also used to clean the passive optical motion capture data 

before export to other animation software. 

2.5 Limitations 

The areas of the pipeline that are the same over both systems will not be covered since Lau 

already covers them in his study (Lau, 2012). Implementation of animations to a game engine 

will not be performed in this study since it varies depending on the game engine. Because of 

this, a full conclusion cannot be made on the implementation section of the pipeline. 
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3 Results 

Below are the steps the authors took when creating their animations using the markerless 

system. The results will go through the process and explain the markerless production 

pipeline. This will include: setting up the cameras, shooting the takes, acting and processing 

the data.  

3.1 Set up the cameras 

In order to get as much detail as possible of the actor, the authors use two Kinects to capture 

from two different angles. iPi’s help site (iPi Soft LLC. 2014, D) is used to look at multiple 

ways of setting up the Kinects, as a starting point. The first setup was to have the Kinects 

facing the actor from a 60 to 90 degree angle, with the Kinects were roughly four meters apart 

from each other and approximately two and a half to three meters from the actor (Fig. 6). The 

second setup was to have the Kinects almost facing each other with one facing the actor from 

the front and one from the back (Fig. 7).  

 

 

To the left (Figure 6): The first setup tested.  

To the right (Figure 7): The second setup tested. (iPi Soft LLC. 2014, D) 

 

The first setup (Fig. 6) is the template followed by the authors. The second setup (Fig. 7) is 

also tested to see if it will perform as well as the first. The authors found that the second setup 

produces more noise than the first as the Kinects project infrared light into each other and thus 

disrupt each other. 

Using two Kinects at an angle gives an overlap of data. Having that overlap of data reduces 

the error when limbs occlude each other due to the extra camera that can see the actor from 

another angle. Inversely if only one Kinect is used, there is only one angle that the system can 

see. The system could have difficulties detecting which limb is which if they are occluding 

each other when using one camera.   
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The Kinects were tested in different environments to check what environment would produce 

the least amount of noise. First they were tested in the same hall where the passive optical 

system is. It has felted floors and concrete walls and produced a small amount of noise but 

was not perfect as the shadows cast by the railings and the green screen seemed to disrupt the 

Kinects (Fig. 8). The Kinects were then tested in a classroom to verify if the results were 

better there. The classroom produced a large amount of noise as the floor was too reflective, it 

was not chosen as an environment to shoot in (Fig. 9). The Kinects were tested in one last 

environment, another room with felted floor. The authors tested the Kinects in a common 

room for students that is smaller than the motion capture hall and still has the felted floor that 

help reduce the noise (Fig. 10). The results in the common room were similar to the first test 

in terms of capture quality but there was less room to act in. In the end the authors chose to 

capture their takes in the motion capture hall. 

 

 

To the left (Figure 8): Campus Gotland motion capture studio. 

In the center (Figure 9): A classroom at campus Gotland.  

To the right (Figure 10): Study room at campus Gotland. 
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3.1.1 Calibration 

To calibrate the Kinect cameras for the iPi Recorder 2 software, a large square cardboard 

sheet is used (iPi Soft LLC. 2014, D). This has to be done since two Kinects are being used; 

the system needs to recognize where the cameras are in 3D-space and the angle of the 

cameras in relation to each other. Showing the cardboard sheet gives the system a square 

reference point from which it calculates the position and angle. It is important to be mindful 

of the fact that both the Kinects should be able to capture the cardboard sheet to achieve 

optimal results. When the calibration is finished, the take is saved as a scene for use when it is 

time to clean the motion capture data later in the pipeline. 

.   

 

Figure 11: Illustration of the how to hold the cardboard sheet when calibrating. (iPi Soft 

LLC. 2014, D) 

 

In order to single out the actor and not record the whole room, it is necessary to perform a 

background analysis. To do this, the software records for a few seconds and stores the 

information. It then uses that information to filter out the background that has been recorded, 

leaving only the actor to be recorded. Make sure not to have the actor inside the scene for the 

background analysis or he will be ignored as a part of the background. 

Try to avoid large amounts of yellow dots in the data as this will increase the amount of errors 

later in the pipeline. The yellow dots represent areas where the camera does not capture any 

data. If there are a large amount of yellow dots in the actor, try reducing reflections and 

natural light in the room (Fig. 12). Because the cameras are recording IR light, other sources 

of light can interfere with the cameras. Having a large amount of yellow in on the actor (Fig. 

13) will present a problem later when cleaning the takes, as the software will not have any 

data on those points.  
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To the left (Figure 12): Capture with low amount of yellow.  

To the right (Figure 13): High amount of yellow on the actor. 

3.2 Record the takes 

The recording process is done in the iPi Recorder 2 software as well. Start by naming the take 

following your chosen naming convention and when the actor and operator are ready, press 

the record button in the software to start shooting the take. Record the action starting with a 

T-pose (Fig. 14) where the actor stands with his arms out at a 90 degree angle and with his 

feet roughly in line with the shoulders. Make sure that the silhouette of the actor is clearly 

visible in the captured data and that the arms and legs are always visible on camera.  

 

Figure 14: A good T-pose shown both in the real world and in the software. 
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The silhouette should also be clear and easy to see in all of the other takes as well. If it is not 

clear there might be problems later in the cleaning phase when matching the skeleton mesh to 

the motion capture data (see 2.3 Cleaning). This might also be a problem if parts of the actor’s 

body are not in the view of the cameras during shooting.  

It is always important to check the captured takes before moving on to catch errors before the 

processing stage. It is better to shoot another take if the data looks flawed rather than moving 

on and encounter problems later in the process. Shooting an extra take does not take very long 

while trying to correct a bad one can take a large amount of time.  

3.2.1 Acting 

There are things to consider when recording with Kinects: 1) the actor must be mindful of his 

silhouette; 2) if the arms are too close to the torso, or the legs are too close together, the 

software will have problems distinguishing where the limbs are; 3) the actor should avoid 

wearing baggy clothing so the silhouette is easier to see; 4) the actor should also avoid 

reflective clothing to reduce the amount of error when shooting; 5) another thing to consider 

is that fast movements can cause problems when processing. When moving too rapidly the 

cameras cannot read the motion clearly causing motion blur (Fig. 15). This is because the 

cameras can only record at 30 frames per second which is not enough to capture those rapid 

motions accurately. 

 
 

Figure 15: The software has difficulty tracking the left arm's blurred motion capture data. 
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One of the markerless system’s strengths is the fact that the actor can wear almost anything as 

long as it is not too reflective or anything that disrupts the silhouette too much. In an optical 

system, the actor is required to wear a special marker suit, on which the reflective markers are 

placed. Because the makers should stay in place, a marker suit must have a tight fit, which can 

be uncomfortable for some. Not having to put on a marker suit also saves time for the actor 

that would otherwise be spent on putting on a marker suit as well as putting on all the 

markers. The actor’s pose is very important. If the actor’s silhouette is not clear enough (Fig. 

16) there will be problems later in the pipeline. Therefore having gaps between the torso and 

the arms and also between the legs is important (Fig. 17). It will make it easier for the 

software when processing the captured data.  

 

 

To the left (Figure 16): Optimized and clear view of essential parts of the silhouette. 

To the right (Figure 17): Un-optimized view with non-essential parts obstructing silhouette. 
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3.3 Clean motion capture data 

When using two Kinects, the iPi Mocap Studio 2 software requires the user to load a 

calibration scene and specify the actor’s height before starting the cleaning process. This take 

helps the software to align the data from the two cameras.  

The capture data is then aligned to a skeleton mesh. A skeleton mesh is what moves the 

character in the final product. The skeleton mesh is what contains the motion capture data 

when exported. It is important to have the data aligned as close as possible so that when the 

skeleton mesh is being tracked, it does so correctly. 

After loading the take and the scene, the first step is to edit the actor’s settings so the skeletal 

mesh in the viewport matches the captured data. This process is made easier if the capture has 

a good T-pose in it as the skeletal mesh already is in a T-pose. The process of matching the 

skeletal mesh to the captured data has to be performed for each take. 

Because animation software cannot read iPi’s raw capture data, it must be translated over to a 

skeleton mesh before exporting it. This is done in three steps: tracking, refining and jitter-

removal. 

Before starting the tracking there are some options to consider, including: head tracking, foot 

tracking, ground collision, settings for the position of the shoulders and spine. For the 

purposes of the markerless pipeline only the head tracking feature is manually enabled as it is 

the only setting that is not enabled by default. It is also important to define a region of interest 

so the software does not process parts of the take that are not needed. 

Tracking is the first step. This is where the skeletal mesh is trying to match the cloud of 

captured data frame by frame. Unlike an optical system, the markerless system has no clear 

markers to follow when tracking the motion of the actor. Instead it uses the previous frame as 

a starting point for the next frame and then tries to match the skeletal mesh to the data. 

Therefore it is important to make sure that the skeletal mesh is accurately following the 

capture data frame by frame or otherwise possible errors will get incrementally worse for each 

subsequent frame that is processed.  

If an error presents itself, pause the tracking, manually adjust the skeletal mesh to fit the 

capture data and then resume the tracking. If the error persists, move to the end of the 

erroneous part of the timeline, adjust the skeletal mesh to fit the capture data and track 

backward until the skeletal mesh has no more errors then resume tracking forward. This can 

be a lengthy process depending on how long the take is. 
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3.4 Refine and export to animation program 

When the tracking is completed and there are no major errors in the take, it is time to refine 

the take. Make sure to track the whole region of interest before starting the refinement 

process. Start the refinement process from the end of the region of interest. The refinement 

process will go through every frame of the region of interest and will improve the matching of 

the skeletal mesh and will not be affected by previous frames unlike the tracking process. 

When the take has minimal or no errors but contains jitters, it is time to apply anti-jitter to the 

take. The anti-jitter process removes shakiness and vibrations in the take and makes it look 

smoother. One thing to consider with the anti-jitter is that if it is applied too many times the 

take may look too smooth and lose any momentum the motion may have. 

3.5 Import motion capture data into MotionBuilder 

When importing animation from iPi Mocap Studio 2 to MotionBulder the only step that needs 

to be performed before plotting the animation to your chosen 3D-character is to characterize 

the skeleton imported from iPi.  

The characterization of the iPi skeleton follows the same process as characterizing any 

character in Motionbuilder: by dragging the character asset from the asset browser’s character 

category onto the skeleton imported from iPi. The characterizing turns the skeleton into a 

character that can to be used to translate the motion capture data to any other characterized 

3D-character in the software (Fig. 18). 

 

 

Figure 18: A characterized 3D-character in MotionBuilder. 
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3.6 Import the 3D-character and plot motion capture data to character  

To transfer the motion capture data from a characterized skeleton to a 3D-character that can 

be edited and animated upon the data has to be plotted to the 3D-character. To plot the motion 

capture data to another character, both the skeleton and the 3D-character need to be 

characterized. Select the 3D-character and set the characterized skeleton as its source, then 

press plot animation. Plotting the animation from the skeleton will bake the animation data 

into the 3D-character that can then be edited. 

When the 3D-character has the animation data plotted to it, the animations process begins. 

This stage is not different to the animation stage in Lau’s pipeline (Lau, 2012) and as such it 

will not be covered in this thesis. This marks the end of the parts of Lau’s pipeline that the 

authors have modified. 
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4 Discussion 

The aim of this thesis is to define a production pipeline for motion capture using a markerless 

motion capture system and to test if it would fit in an animation pipeline for games; the 

authors believe they have confirmed both questions with their results. The authors believe that 

a markerless system can fit into an ordinary animation pipeline for games as it delivers good 

motion capture data in most cases. The exceptions are fast moving takes where the actor 

covers a large area of the scene, such as running and jumping. Although this is an issue, the 

authors believe that with some editing in MotionBuilder the quality of those animations can 

be of an acceptable standard. 

The authors believe it is important to ask both the question if it is possible to create a pipeline 

that uses markerless motion capture as well as asking if it can it into an animation pipeline for 

games. They believe that it is not worth creating the markerless pipeline at all if it cannot fit 

into an animation pipeline for games.  

In the question of how the markerless system compares with traditional motion capture 

systems in terms of quality, this thesis will not be able to able to give a conclusive answer as 

quality is subjective in nature. Bearing this fact in mind, based on the results of this thesis the 

authors believe that the passive optical system give a higher quality result. There are less 

errors and performing the calibration is faster in the passive optical system. One of the factors 

that make the optical system faster is the software Cortex’s incremental numbering. The 

numbering of takes make the process of recording an extra take fast and painless, the only 

thing to consider is to get the name of the take right the first time around. There are less errors 

such as sliding feet and jitter in the animations created with the passive optical system.  

In terms of ease of use the authors perceive iPi to be the simplest system to use. The iPi 

system is less complicated than the Cortex system; there are less cameras and the software is 

more streamlined. When using iPi the user has to use two different softwares to perform the 

whole process. One software is used to capture the motion capture data and the other software 

is used to clean and export the motion capture data to other applications for editing.  

It is more comfortable for the actor for the most part when using the markerless system as the 

marker suit is not needed. This can be both a good thing and a bad thing. The actor tends to be 

more focused and less casual when shooting if the actor needs to wear a marker suit. This was 

the case when the shooting was done for this study but it might vary depending on the actor. 

This might be because putting on a maker suit and getting out of your casual clothes, you see 

the acting as more important, something you have to get ready for. 

With the Cortex system there are more cameras that have to be maintained and the physical 

markers occasionally get damaged and have to be repaired. As students the authors do not 

have to perform the maintenance but it is still a factor to consider. Although the authors found 

that the shooting process is simpler in the Cortex system. It has an incremental numbering 

system for the takes that makes the process faster. A major advantage of any marker based 

system such as a passive optical system is the ability to mark virtually any object and capture 

the motion of it. With a markerless system one can only capture what the software is 

programed to capture, in the case of iPi: humans. Another advantage to marker based system 

is the ability to capture many subjects at once. 
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A common problem with the resulting animations when working with iPi is foot-sliding. 

Foot-sliding is when the foot is supposed to be planted on the ground and be stationary but it 

is still moving. This can be corrected in MotionBuilder by either flattening the translation F-

curves (animation curves) or adding animation on a new layer on top of the motion capture 

data. Another common problem is that when the data is brought to MotionBuilder and applied 

to a 3D-character, their hands will not rotate properly. This is caused by the fact that the 

Kinect cameras have difficulties capturing the actor’s feet and hands accurately.  

Sunlight is a problem when shooting with motion capture. Both the markerless system and the 

passive optical system use infrared cameras thus are affected by the infrared light that the sun 

emits. The sunlight causes unwanted data in the motion capture recording, making it harder 

for the software to distinguish between wanted and unwanted data. Through testing in 

different environments, the markerless motion capture system is seemingly more affected by 

this than the passive optical system. 

Another problem with the markerless system is the size of the capture area. The markerless 

system has only a 2x2 meter capture area, while the passive optical system used during this 

study has roughly a 6x4 meter capture area. A factor to consider is that the passive optical 

system is being limited by the size of the room it is installed in. Having a limited space to 

move makes it hard when recording with the markerless system to record a good take when 

the actor is moving around in the scene. 

Sadly the authors did not anticipate the fact that more and shorter takes tended to be captured 

when working with the passive optical system as Cortex is more convenient when it comes to 

capturing multiple takes than iPi is. iPi takes longer to process a take depending on how long 

that take is. This makes it hard to accurately compare iPi with Cortex in terms of time taken in 

producing animations with motion capture as the length of the takes between both samples 

vary. In Cortex it is possible to clean a large portion of a take at a time while in iPi the 

program has to process every frame of the take. Another factor is that the processing speed in 

iPi is dependent of the power on the computer that is running the software. This is because the 

process of cleaning the motion capture data in iPi is automated by the software. 

Despite the flaws of the markerless system the authors think that is a viable tool for creating 

animations for games. If they would have the choice of using a large passive optical system 

they would most likely prefer that but having two Kinects in an office and use iPi for some 

quick motion capture is to them a very nice tool for prototyping animations and capturing 

motion for smaller projects. The authors see a large potential in the future for the markerless 

motion capture systems. As prices go down and as the technology becomes more accessible 

its use will be more widespread and therefore see improvements in overall quality of 

animation.   
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5 Conclusion 

What has been found in this study is that even if markerless motion capture records in lower 

quality and produces more errors it is still a valid tool for creating animations in games. The 

markerless system is a good tool for creating fast animations for prototyping (in the authors’ 

opinion). Even if the results show that markerless motion capture does not produce the same 

quality of animation as a passive optical system, it is still a good and comfortable solution to 

capturing motion capture. 

Due to the variation in the implementation into different game engines the authors decided not 

to follow this stage thus not completing the whole pipeline. This is partly also because 

previous study by Lau already covers the implementation to one game engine and the 

implantation is not different in the two motion capture systems (Lau, 2012). It is also the 

reason why the modeling stage is not covered in this thesis. This is not a new pipeline and 

instead it is a modified pipeline based on an existing pipeline to fit with the markerless motion 

capture system. The resulting animations have not been implemented into a game engine, 

because it is redundant since Lau has already written about implementing to UDK in his work 

(Lau, 2012). 

The authors believe that the markerless systems can benefit smaller studios that do not 

possess the funds to acquire a large studio with a passive optical motion capture system, but 

still wish to have the ability to record motions from real life. In such a case the authors 

recommend to use markerless motion capture, as long as the user avoids trying to capture 

animations where the actor needs to move around in the scene considerably.  

Markerless motion capture still has a long way to go before it can be seen as a direct 

competitor to the marker based systems, but there is a lot of research being made in 

improving markerless systems, and as depth sensor’s resolution get higher and the software 

improve, it might become the main way for motion capture in the future. With the release of 

the Xbox One, the new gaming console from Microsoft, there is now a new generation for 

Kinect cameras. With the higher performance for these new cameras (Dick, 2013) there will 

hopefully be a leap forward in what can be achieved compared to the original Kinect cameras 

for the Xbox 360 (Crawford, 2010). Organic motion has already had success with their 

markerless motion capture system, getting results comparable to an optical motion capture 

system (Organic Motion, 2014, B). But it is still too expensive for most smaller game 

companies and indie developers. 

Unfortunately this thesis cannot prove which of the motion capture systems used is the better 

one. This is because the authors could not produce enough objective data to give a definite 

answer. Although there is not enough objective data to prove the superiority of any of the 

systems, the pipeline presented in the results is a valid pipeline the can be used in the creation 

of animations for games. 

 

   



 

23 

 

References 

Crawford, Stephanie 2010. How Microsoft Kinect Works. Specification about Xbox 360 

Kinect, [Online], http://electronics.howstuffworks.com/microsoft-kinect2.htm. Retrieved 26 

Apr 2014. 

Cadavid Concepts, Inc. Nui capture home page, [Online], http://nuicapture.com/. Retrieved 26 

Apr 2014. 

Dick, James 2013. Inside the Xbox One Kinect. Specification about Xbox One Kinect, 

[Online], http://www.chipworks.com/en/technical-competitive-analysis/resources/blog/inside-

the-xbox-one-kinect/. Retrieved 26 Apr 2014. 

Electronic Arts Inc. 2012. Get Behind The Scenes At EA's The Capture Lab In Vancouver. A 

look at EA’s motion capture studio, [Online],  http://www.ea.com/ca/news/electronic-arts-

mocap-studio-ea-capture Retrieved 26 Apr 2014. 

Gamespot 2013. Kinect sales reach 24 million. Kinect sales figures, [Online], 

http://www.gamespot.com/articles/kinect-sales-reach-24-million/1100-6403766/ Retrived 20 

May 2014. 

George, Brent 2013. Markerless MoCap Brings 4x Increase in Animation Output - Official 

AAA Game Studio Case Study. Organic Motion. [Online], 

http://cdn2.hubspot.net/hub/186320/file-376827522-pdf/Downloads/New_Print.pdf.  

Retrieved 26 Apr 2014. 

iPi Soft LLC. 2014, A. iPi home page, [Online], http://ipisoft.com/. Retrieved 7 Apr 2014. 

iPi Soft LLC. 2014, B. iPi store page, [Online], http://ipisoft.com/store/. Retrieved 7 Apr 

2014. 

iPi Soft LLC. 2014, C. iPi basic edition specifications, [Online], 

http://ipisoft.com/software/basic-edition/. Retrieved 7 Apr 2014. 

iPi Soft LLC. 2014, D. iPi user guide for two depth sensor cameras, [Online], 

http://wiki.ipisoft.com/User_Guide_for_Dual_Depth_Sensor_Configuration. Retrieved 7 Apr 

2014. 

iPi Soft LLC. 2014, E Galley of work done with iPi soft, [Online], http://ipisoft.com/gallery/. 

Retrieved 7 Apr 2014. 

iPi Soft LLC. 2010, F. Press release from iPi soft introducing version 1.0 of the markerless 

software, [Online], http://ipisoft.com/news/version-1-0/, Retrieved 7 Apr 2014. 

Lee, Aaron 2013. We reveal the most essential development platforms out today. List of 

popular game engines, [Online], http://www.develop-online.net/news/the-top-14-game-

engines-the-list-in-full/0114330. Retrieved 20 May 2014. 

Meta Motion 2014. Motion Capture - Why use it? Article describing the reasons why motion 

capture is used for animations, [Online],  

http://www.metamotion.com/motion-capture/motion-capture-why.htm. Retrieved 20 May 

2014. 

http://electronics.howstuffworks.com/microsoft-kinect2.htm
http://nuicapture.com/
http://www.chipworks.com/en/technical-competitive-analysis/resources/blog/inside-the-xbox-one-kinect/
http://www.chipworks.com/en/technical-competitive-analysis/resources/blog/inside-the-xbox-one-kinect/
http://www.ea.com/ca/news/electronic-arts-mocap-studio-ea-capture
http://www.ea.com/ca/news/electronic-arts-mocap-studio-ea-capture
http://www.gamespot.com/articles/kinect-sales-reach-24-million/1100-6403766/
http://cdn2.hubspot.net/hub/186320/file-376827522-pdf/Downloads/New_Print.pdf
http://cdn2.hubspot.net/hub/186320/file-376827522-pdf/Downloads/New_Print.pdf
http://ipisoft.com/
http://ipisoft.com/store/
http://ipisoft.com/software/basic-edition/
http://wiki.ipisoft.com/User_Guide_for_Dual_Depth_Sensor_Configuration
http://ipisoft.com/gallery/
http://ipisoft.com/news/version-1-0/
http://www.develop-online.net/news/the-top-14-game-engines-the-list-in-full/0114330
http://www.develop-online.net/news/the-top-14-game-engines-the-list-in-full/0114330
http://www.metamotion.com/motion-capture/motion-capture-why.htm


 

24 

 

Mondry, Elliott 2014. Motion Capture Technology: Where Can We Possibly Go From Here? 

Article mentioning the history of motion capture, [Online], 

http://artistryingames.com/motion-capture-technology-can-possibly-go/. Retrieved 13 May 

2014. 

Motion Analysis Co. 2014. Motion Analysis industrial products page, [Online], 

http://www.motionanalysis.com/html/industrial/industrial.html. Retrieved 13 May 2014. 

OptiTrack 2014. OptiTrack products page, [Online], 

http://www.naturalpoint.com/optitrack/systems/#motive-body/prime-13/12. 

Organic Motion 2014, A. OpenStage 2.0 Technical Overview. Technical specification for the 

Organic Motion system, [Online],  http://www.organicmotion.com/mocap-for-animation/. 

Retrieved 16 May 2014.  

Organic Motion 2014, B. Organic Motion’s OpenStage Markerless Motion Capture System 

Selected by Ubisoft Montréal. Company blog article, [Online], 

http://www.organicmotion.com/organic-motions-openstage-markerless-motion-capture-

system-selected-by-ubisoft-montreal/. Retrieved 26 Apr 2014. 

Quantic Dreams 2014. Get into the move! Information page for Quantic Dreams’ motion 

capture studio, [Online], http://www.quanticdream.com/en/page/get-into-the-move, Retrived 

21 May 2014. 

Takahashi, Dean 2011. Organic Motion launches new platform to capture motion. Price 

source for Organic Motion, [Online],  https://venturebeat.com/2011/08/09/organic-motion-

launches-new-platform-to-capture-motion/. Retrieved 26 Apr 2014. 

Ubisoft Entertainment 2014. Performance @ Ubito. A look at Ubisoft’s motion capture 

studio, [Online], http://toronto.ubisoft.com/en/studio/performance, Retrived 21 May 2014. 

Vicon Motion Systems Ltd 2014. Vicon homepage, [Online], http://www.vicon.com/, 

Retrived 21 May 2014. 

Literature 

Lau, Kakee 2012. Skapande av animationer för interaktiv spelmedia genom motion capture. 

Gotland University. 

Menache, Alberto 2011. Understanding Motion Capture for Computer Animation - Second 

Edition. Elsevier, Inc. 

http://artistryingames.com/motion-capture-technology-can-possibly-go/
http://www.motionanalysis.com/html/industrial/industrial.html
http://www.naturalpoint.com/optitrack/systems/#motive-body/prime-13/12
http://www.organicmotion.com/mocap-for-animation/
http://www.organicmotion.com/organic-motions-openstage-markerless-motion-capture-system-selected-by-ubisoft-montreal/
http://www.organicmotion.com/organic-motions-openstage-markerless-motion-capture-system-selected-by-ubisoft-montreal/
http://www.quanticdream.com/en/page/get-into-the-move
https://venturebeat.com/2011/08/09/organic-motion-launches-new-platform-to-capture-motion/
https://venturebeat.com/2011/08/09/organic-motion-launches-new-platform-to-capture-motion/
http://toronto.ubisoft.com/en/studio/performance
http://www.vicon.com/


 

25 

 

Visual Material 

Amos, Evan 2011. The Microsoft Kinect peripheral for the Xbox 360. Image of the Xbox 360 

Kinect, [Online], http://en.wikipedia.org/wiki/File:Xbox-360-Kinect-Standalone.png. 

Retrieved 22 May 2014. 

iPi Soft LLC. 2014, D. iPi user guide for two depth sensor cameras, [Online], 

http://wiki.ipisoft.com/User_Guide_for_Dual_Depth_Sensor_Configuration. Retrieved 7 Apr 

2014. 

Sony Computer Entertainment America LLC 2014. SCEA Motion Capture Services, [Online], 

http://us.playstation.com/corporate/about/motion-capture/, Retrived 21 May 2014. 

 

 

  

http://en.wikipedia.org/wiki/File:Xbox-360-Kinect-Standalone.png
http://wiki.ipisoft.com/User_Guide_for_Dual_Depth_Sensor_Configuration
http://us.playstation.com/corporate/about/motion-capture/


 

26 

 

Appendix  

Five finished animations using the markerless pipeline. 

http://youtu.be/Tf2BXJnWrVk 

Five finished animations using the passive optical pipeline. 

http://youtu.be/BKx_LyqLPPg 

http://youtu.be/Tf2BXJnWrVk
http://youtu.be/BKx_LyqLPPg

