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Abstract 

Creating 3D avatars that realistically depict a user is very difficult and time consuming. Most 3D 

avatars are created manually by artists, and personalization options are few. Because 3D scan is 

an emerging technology, most 3D scanners are very expensive. This thesis presents a three-tiered 

system that 1) easily generates a 3D Scan model of a person with a multiple-Kinect system which 

is much cheaper than most scanners, 2) processes the scanned model using a Maya
®
 Plug-in 

called Scanned Model Customization (SMC), and 3) controls the avatar with physical motion in 

3D games. 

The multiple-Kinect system scans a real person, generates a basic 3D model, and exports the 

model to Maya
®
. Meshes and texture are generated form data captured by Kinect. Alignment and 

finalization methods are used to create the model. This system also includes the SMC Maya Plug-

in. With the aid of SMC, a user can customize his/her scanned 3D model. The SMC provides 

multiple customization options to improve the scanned model and connect with game engines. 

The avatar is finally controlled with a Kinect-driven character controller in active 3D games. The 

game is youth-oriented and immersive, with the player’s live body actions controlling the fate of 

an avatar in a virtual world. 
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Chapter 1 

Introduction 

1.1 Problem Statement 

Three-dimensional (3D) graphics technology has become pervasive in modern society and has 

innumerable applications.  While digital artists and programmers have been able to create and 

manipulate 3D models for many years, it has only recently become economical to 3D scan real 

world objects for use in digital environments.  One such 3D scan device is the Microsoft Kinect. 

The Kinect is a tool developed for the Microsoft Xbox device family.  When the Kinect camera 

records a scene, it is able to reconstruct distance data and assign a “depth” value to each pixel in 

the image.  This data allows the Kinect to sense human movement, enabling players to interact 

with their Xbox console via physical motion. Outside of gaming, many researchers have 

investigated the Kinect’s potential for low cost, real-time 3D scanning. 

Widely accessible 3D scanning technologies have opened up a world of possibilities.  One 

possibility is to allow users to customize game avatars to look like themselves, using 3D scanned 

images.  Applications of individualized avatar technologies extend far beyond gaming.  
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Commercial used could include visualizing clothing and cosmetic styles before purchase or 

testing, or perhaps more accurately simulating the results of a plastic surgery. 

In modern society, video games have become a popular entertainment activity enjoyed by an 

ever increasing number or people. Video games that incorporate physical activity as part of the 

game mechanics encourage exercise among its users. Playability and engagement are enhanced 

by using the player’s own 3D model, and engaging avatars in real-time physical motion with 

Kinect- driven character control in a fantasy game world creates a more immersive game 

experience. 

1.2 Contribution 

While the hardware exists to record object 3D data, the tools to manipulate and use such data are 

still in their infancies.  Currently, there are very few products that allow a user to generate a 

personal avatar using 3D scan technology.  This thesis presents a novel framework that allows 

users to easily 3D scan an individual to generate a personal 3D avatar, customize it, and control 

the avatar with real-time physical motion in games with Kinect 
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1.3 Summary of Approach 

 

Figure 1.1 Pipeline of main system 

To 3D scan a person and generate a usable game avatar, we first developed a method to 3D scan 

an individual using a 4-Kinect system, substantially reducing the time and cost and improving 

accuracy in comparison to a single Kinect.  A custom Maya
® 

plug-in allows users to easily 

process the input 3D scanned model. This plug-in supports many features that allow the user to 

customize the avatar’s visual appearance, bind animation sequences, and provide connection with 

game engines. 

A custom 3D game system allows a game engine to use the processed model as the main game 

character avatar. Players appear to easily identify their own avatars, and they can control the 

motion of their own game avatar using their real-world motion in real time. All the acquired game 
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motion data is recorded when the players are playing the game. Such motion data can be used in 

future research. 

1.4 Outline 

This thesis is organized as follows. In Chapter 2, we introduce background information about 3D 

scan, avatar customization, and sensor-based activity games. We will describe the concepts and 

techniques that we will use in later chapters. In Chapter 3, we introduce a multiple-Kinect scan 

system. We discuss the necessity of multiple-Kinect scanning, describe hardware setup, and 

explain capture and model generate process. We also present the main methods and algorithms 

involved.  In Chapter 4, we describe the concepts and techniques that are used in the scanned 

model customization (SMC) Maya plug-in.  We introduce the plug-in system in 4 parts: 

initialization options, customization settings, motion capture animation options, and load to game 

options. In each part, we present the concepts, techniques, methods, and algorithms in detail.  In 

Chapter 5, we present a motion sensor-based health game, and the main techniques used in game 

development. Finally, in the last chapter, we provide our conclusions and discuss limitations and 

future work. 
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Chapter 2 

Background 

2.1  Multiple-Kinect Scan 

Over the past few decades, huge advancements have been made in computer technology allowing 

the 3D representation of geometric data (often in Cartesian coordinate system) to represent the 

real world. 3D computer graphics contains three basic parts: 3D modeling, layout/animation, and 

3D rendering. 3D objects are mathematically represented by 3D mesh models. A model describes 

the geometric shape of an object, which is always stored as coordinate data of points, lines, and 

faces. There are several ways to generate a 3D model. For example, artists typically use 3D 

computer assisted drawing (CAD) modeling tools to generate 3D objects.  

Recently, 3D scan has become a very popular way to create 3D models. To build a 3D scan 

device, many different technologies are used. The technologies may vary in cost, limitations and 

advantages. A variety of applications, besides the well-known field of entertainment industry like 

movies and video games, need to use collected 3D data. 3D scanners are also widely used in 

http://en.wikipedia.org/wiki/Cartesian_coordinate_system#Cartesian_coordinates_in_three_dimensions
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industrial design, orthotics and prosthetics, reverse engineering and prototyping, quality 

control/inspection and documentation of cultural artifacts.  

Many different 3D scan devices exist for purchase. There are two types: contact and non-

contact 3D scanners. A contact scanner receives data while tightly touching the surface of an 

object with a rigid machine arm. A non-contact scanner calculates data reflection of radiation or 

light which is emitted from the device. Emission types include light, ultrasound, infrared ray, and 

x-ray. 

The Kinect was released as a motion detection input device by Microsoft. It is known as a 

webcam-style game platform, with which a user can interact with their Xbox console or computer. 

It can totally replace the traditionally game controllers. In November 2010, the first-generation 

Kinect was introduced. Then, Microsoft attempted to broaden Xbox 360's audience beyond its 

typical gamer base (on February 1, 2012, a version for Windows was released). On June 16, 2011, 

Kinect software development kit for Windows 7 was released to attract more active developers. 

With this SDK, developers are able to write Kinect applications in C++/CLI, C#, and Visual 

Basic .NET. 
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Figure 2.1 Kinect 

As shown in Figure 2.1, the Kinect device has two cameras and one laser-based IR (infrared 

ray) projector. It provides enhanced entertainment experiences by combining multiple 

technologies based on the use of color-sensing (RGB camera) to capture RGB image, and depth-

sensing (IR camera) to generate depth (distance) data. Both of these cameras create data flow in 

video rate, and careful user interaction design. Therefore, Kinect provides a new way for 

researchers and hobbyists to explore more functionalities of program development with 

algorithms that classify and perform recognition of the image data. So far, they have contributed 

expertise for wide applications in computer graphics fields, such as 3D scan, gesture and face 

recognition, motion capture, and movement analysis, for example.  The primary advantage of 

Kinect is the low cost. It is far less costly than competing scanners. 

Research has successfully proven that Kinect can be used for 3D scan. For example, RGB-D 

Mapping uses depth cameras to build dense 3D model of indoor environment [1]. But the main 

limitations, as indicated by the research, are low accuracy and low X/Y resolution. Further 
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research yielded results that improve the final model quality with the capture of several depth and 

color sensor frames, a combination of data around the object, and then a probabilistic procedure 

for simultaneous non-rigid alignment of multiple scans. A system for accurate real-time mapping 

of complex and arbitrary indoor scenes is presented [3]. But, all of these technologies are 

scanning rigid objects with Kinect. 

In addition, there is research into human face scan. For instance, [4] presents an approach to 

generation of high-quality face model even with bad input using non-rigid registration to compute 

correspondences for the subsequent “morphable” model fitting; and  [5] presents a system that 

enables any user to control the facial expressions of a digital avatar in real-time for performance-

based character animation, when the real face is captured by Kinect. 

Research also describes a new approach based on scanning of rigid objects, and human-model 

face scanning in real-time using multiple Kinects. 

In this thesis, I present a system to scan a full human model by 4 Kinects with the aid of 

additional software. After a real person’s image is captured by the Kinects, a basic 3D model can 

be generated in several minutes. 

2.2  Avatar Customization and Maya
® Plug-in 

Currently, a central part of digital environments are digital avatars. Avatars define user actions 

and expressions – an avatar is the virtual embodiment of the player. For our examples, the avatar 

looks exactly the same as the user. Additional customization may provide the user more options 
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of life style that emulate real life. In other words, it helps people to create an ideal self in virtual 

world. 

Autodesk Maya
®
, commonly shortened to Maya

®
, is a 3D computer graphics software. Maya

®
 

is an application used to generate 3D assets which are widely used in film, television, game 

development and architecture. A plenty of built-in 3D tools are provided by Maya
®
 for modeling 

and simulating complex effects. Maya
®
 also offers users the ability to enhance the functionality 

of its existing tool set through custom extensions within the Maya
®
 framework because it is 

necessarily unable to anticipate every use-case, although Maya
®
 has a fairly robust standard tool 

set. A scripting language at the heart of Maya
®
 is called MEL. The user interface in Maya

®
 is 

created using MEL, and it is an easy way to extend the functionality of Maya
®
 with MEL. MEL 

can automate and extend everything that can be done using Maya
®
’s graphical interface. Since 

version 8.5 of Maya
®
, Python-style scripting is supported. The user can write self-actualization 

needs faced plug-in with either MEL or Python or both, and run it with Maya
®
.  

In this thesis, I develop a Maya
®
 Plug-in called Scanned Model Customization (SMC) system 

to do the avatar customization.  

2.2.1 Avatar Customization 

In general, users can express themselves and their own or imaginary identities by avatar 

customization. Expectations for the behavior in the virtual environment are set by the range of 

possible avatar appearances and roles, which also signal what kinds of users are welcome to use 

the service. Players appear to identify with avatars of themselves and other players (especially in 
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online gaming). So, players resonate with their avatars. For example, the Cenarion Researcher 

Korrah, from the quest “Going Deep” in World of Warcraft (a famous online game), said [7]: 

I have fashioned a charm that will allow you to infiltrate [them], 

giving you the appearance of one of their own. 

With this disguise, you will be able to speak and understand their 

language. They will be unable to discern your true identity. 

That lines between humans and technology are increasingly blurred is highly debated, as 

humans are becoming more technologically savvy, and technologies more humanized [7]. One 

technology where these exchanges play out is digital games, especially those where the tool we 

create to engage within the space is a digital body. The avatar can have a humanoid body and be 

like real person: the avatar can walk, talk, use tools, interact, and convey personality. While they 

are sometimes viewed as merely cursors, or vehicles, avatars’ human qualities mean that they can 

be complex constructs through which identity can be written, performed and consumed. 

However, many want to be unique in the virtual world. Game developers never stop attracting 

players with avatar improvement. To make players in relation to the avatar, customization 

systems are built to add personal details that can more fully express their personalities.  

Many of their approaches attempt to create an avatar that looks like the player, or looks like 

someone the player wants to be. However, it cannot be exactly the same as the real person.  

Figure 2.2 shows the avatar customization system in Xbox.  
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Figure 2.2 Avatar customization system in XBOX. 

With 3D scan, we can create the avatar in the image of a real person, and we can also provide 

customization options for users to add more details as desired. Customization means users can 

edit their own model – for example, have the ability to try different kinds dressing or hair style 

that they might not be able to achieve in real life.  

In my system, a user can enjoy playing his/her own avatars with real-time physical motion in a 

fantasy game world and wonderful game story, which results in a more immersive game 

experience. 
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2.2.2 Maya
®

 Embedded Language (MEL) 

Our SMC plug-in is implemented by Maya
®
 Embedded Language (MEL). Autodesk's 3D 

Graphics Software Maya
®
 uses a scripting language called Maya

®
 Embedded Language (MEL) to 

simplify tasks. MEL can achieve most tasks that can be achieved through Maya
®
's GUI, as well 

as some certain tasks for special uses which are not available from the GUI. A method of 

repetitive tasks or speeding up complicated is offered by MEL. Users can also redistribute a 

specific set of commands to others that may find it useful.
 
 

The majority of standard Maya
®
 commands saved in the Maya

®
 Program Files directory are 

default MEL scripts. MEL provides memory management and dynamic array-allocation, and 

offers direct access to functions specific to Maya
®
.  

MEL is primarily a language meant to journal the Maya
®
 session, which is fairly limited 

compared to mainstream scripting languages. Python is added to Maya
®
 as an alternative to MEL 

in Maya
®
 8.5for that MEL lacks many advanced features such as associative arrays.  

But MEL still offers some advantages to Python: 

 Discoverability of MEL is better since the built-in command echo server was created 

with MEL in mind. 

 Much legacy code and inner working of Maya
®
 is in MEL form. This provides many 

insights into undocumented inner workings of Maya
®
. 

Because of a lack of programming features and object orientation, MEL is often criticized. 

However, MEL is used as a meta-programming language where MEL instructs Maya
®
’s node 

architecture to solve the problem in practice. In many ways, MEL complements the Maya
®
 API 
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with somewhat clear boundaries between allocated tasks. This makes MEL harder to learn and 

fully understand.  

In my system, I use MEL as the primarily language to develop the Maya
®
 plug-in. 

2.3  Health Game 

Video games have become an attractive form of entertainment and have surpassed television 

viewing as a preferred sedentary activity choice for children [8]. Children are spending an 

average of eight hours a week playing sedentary video games, according to the report by media 

usage [9], and one factor that has been implicated in the increasing prevalence of childhood 

obesity is the time spent playing video games [10]. To serve as a tool to halt declining physical 

activity levels would be a boon to this popular form of entertainment. When engaging in active 

gaming activities, energy expenditure [11][12], cardiovascular responses [11][13], and specific 

health outcomes [14] [15 ][16]have been assessed, highlighting some of the positive effects.  

Various videogames utilize varied intensity levels, and body movement requirements result in 

different levels of energy expenditures. Body movements that incorporate all of the extremities 

produce higher intensity levels and therefore elicit greater energy cost [13]. Active video games 

allow the user to control the game with body movements, engage all extremities, and move freely 

when playing [17]. 

To minimize disruption to normal routines and work with, rather than against, preferred 

leisure pursuits, the re-engineering of physical activity into valued sedentary activities of children 

provides the possibility of activity interventions. However, we need to develop based on an 
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understanding of who chooses to play, how they play and why for these to be effective activity 

alternatives. [18]. Gender difference is a stronger predictor of video game than either 

socioeconomic status or ethnicity. Spatial cognition skills required in video games are known to 

be experientially higher in men than women. Because of this, video games may have less appeal 

to girls than boys [18] [19]. Girls play video games less often and for shorter periods of time than 

boys [13] [20] and when playing actively, they expend less energy than boys [14] [21]. 

Additionally, video game play results in significant neural activation of those regions of the 

brain associated with reward and this is greater in men than in women [22]. Video game play may 

simply be more rewarding and reinforcing for boys or may not be as attractive for girls. 

Boys also tend to engage more in higher-intensity exercise activities and to be more physically 

active in addition to playing video games, while lower-intensity activities are preferred by girls 

[23]. Whether “exer-game” appeal translates into differing play patterns, and whether this appeals 

more to boys than to girls, such as boys playing more vigorously than girls, choosing more active 

video games than girls, or spending longer periods of time playing exer-games compared to girls, 

is not currently known. 

So, we have developed two different Kinect games, for both girls and boys. 

Unity Technologies has developed a cross-platform game engine with a built-in IDE called 

Unity 3D. Unity, written in C++, is a game engine to develop video games for consoles, desktop 

platforms, mobile devices, and web plug-ins. 
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A drag-and-drop environment for creating games is provided by the Unity Editor. An open 

source version of the .NET Framework Mono is the standard development environment in Unity. 

Mono can run programs written in C#, JavaScript, or Boo (a language of Python-like syntax).  

With Unity 3D, a “component-based game object system,” users can easily add code 

components to any object in the game -- for example, an animated character. Unity is a very 

object-oriented, modular way of adding functionality to a game object. 

Unity also provides rendering and physics system.  For rendering, the graphics engine uses 

Direct3D (Windows, Xbox 360), OpenGL (Mac, Windows, Linux), OpenGL ES (Android, iOS), 

and proprietary APIs (consoles). There is support for bump mapping, reflection mapping, parallax 

mapping, screen space ambient occlusion (SSAO), dynamic shadows using shadow maps, render-

to-texture and full-screen post-processing effects.  For physics, Unity also has built-in support for 

Nvidia's PhysX physics engine (as of Unity 3.0) with added support for real-time cloth simulation 

on arbitrary and skinned meshes, thick ray casts, and collision layers. 

Since Microsoft released the Kinect SDK, which is supported by Unity, developers are free to 

use it for game development.  
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Chapter 3 

Multiple-Kinect Scan 

3.1    Preparation for Scan 

In this section, I introduce the multiple-Kinect scan system. I discuss the necessity of the 

multiple-Kinect system, describe hardware setup, and explain capture and model generate process. 

I also present the main methods and algorithms involved.  

3.1.1 4-Kinect System 

Before scanning, the sensors and computer hardware need to be set up. Because the minimum 

scanning distance is approximately 40 centimeters, to get the best a full human shape with a 

single Kinect, the person should stand 3 meters away from the Kinect. The resolution is very low 

because of the distance. Lots of geometry information is missing while capturing in the depth 

map. [2] presents a way to use the information of multiple frames to enhance the final resolution, 

but the result is still hard to accept.  
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However, using one single Kinect to capture different parts of an object several times and 

combining the parts into a whole model is a feasible idea. In this method, ensuring the parts have 

some overlapping geometry with others is necessary, and enables the parts to be detected and 

matched together like a jigsaw puzzle using an alignment algorithm.  

We can use the Kinect to capture several frames of each divided part and angle of an object. 

To ensure the cameras in Kinect are facing the part to capture, we can either turn the object 

around or holding the Kinect in hand to move and rotate. Usually, before capturing the full 

volume of an object, we need to consider its size and how to capture it from all angles. Smaller, 

lighter objects can typically be rotated in place as the sensor remains stationary. If repositioning 

the sensor is required for each scan, ample room to move around the object is important.  

To obtain the best result, the object should be stationary as each scan is captured. If parts of 

the object move during the scanning process, the alignment algorithm process may fail. Likewise, 

if the entire object is moved during the scanning process, the quality of the data may not be 

acceptable. However, depending upon the speed of movement and specific use case, it may be 

possible to capture usable data.  

For a human size object, to achieve an acceptable model, we may need to divide the scan up to 

50 times, which may take approximately one and one-half hours to generate the model.  

However, the multiple-Kinect system can substantially reduce the time cost. Different parts of 

the human body are scanned by different Kinects so that the Kinects can be put closer to the body 

to obtain higher data quality.  
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However, this scanning system has two challenges in practice. First, the quality of overlapping 

region data between two areas is reduced due to their interference. To allow different Kinects to 

capture data in a different time, shutters may be used. However, the frame rate and exposure time 

are reduced, which also reduces the quality of the data. 

Interference problem can be avoided by the following step: two Kinects are used to capture 

each direction of upper part and respectively and other two Kinects for the lower part. Just a small 

overlapping region is left between these parts. A person is turning around while standing in-

between the Kinects.  

The other challenge is that it is hard to keep stationary during the capturing process. So, the 

captured data requires non-rigid registration. However, because of the low quality of the data and 

the complex occlusion, it is a difficult job. In [6], a two-phase method is proposed to deal with 

this challenge. Pairwise non-rigid deformation is performed in the first phase on the geometry 

field based on a rough template. In the second phase, we use a global alignment method with loop 

closure constraint on the deformation field. [6] 
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3.1.2 Sensor System Setup 

In this thesis, we build a 4-Kinect system, two in the upper and two in the lower, which is shown 

in Figure 3.1.  

                       

Figure 3.1 4-Kinect scanning system                  Figure3.2   Scan four times in four angles 

As shown in Figure 3.2, a person is scanned just one time for each angle of the body, 

including front, back, and both sides. 

Each Kinect acquires 640 x 480 depth images and 1280 x 1024 color images at 15 frames per 

second individually. The data can be captured using a software called Kscan3D. The 3D 

coordinates can be automatically generated using OpenNI [24], which is an open-sourced 

middleware for Kinect. OpenNI can also well calibrate the depth and color image. The captured 

data from one Kinect is automatically synchronized and calibrated. 
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3.1.3 Kscan3D 

KScan3D converts color and depth data captured by Kinects to 3D meshes. Kscan3D helps us to 

scan, edit, process, and export data for use with 3D modeling software such as Maya
®
. It helps to 

create a complete 360 degree mesh by capturing data from multiple angles. After capturing the 

data, KScan3D also provide options to delete unneeded points, decimate meshes, smooth data, 

and more. The software also helps with exporting final formats like .fbx, .ply, .obj, . asc and .stl, 

for use with visual effects, CAD / CAM, 3D printing, online / web visualization, game 

development, and other applications.  

3.1.4 Hardware Requirements of 4-Kinects system 

Kscan3D provide a minimum computer requirement list: 

 CPU: Intel or AMD Dual-Core 2 GHz 

 Operating System: Windows 8 32-bit or Windows 7 32-bit 

 Memory: 2 GB 

 Storage: 10 GB of free space 

 Video: DirectX 9.0c compatible, 256 MB 

In the case of multiple Kinects, the requirements are greater than those of a typical computer, 

which are listed below: 

 A desktop PC running Windows 7 64-bit or Windows 8 64-bit 

 A quad core 2Ghz CPU or better 

 16GB of RAM or more 
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 A video card with at least 1GB Video RAM and a fast GPU 

 20GB hard drive space or more 

 Enough USB 2.0 ports to support the desired number of sensors plus all other USB 

devices concurrently (see note below) 

A note about USB ports: 

To run a multi-sensor setup, it is crucial that the computer has enough USB ports throughput 

and power to support all connected devices simultaneously, including sensors, a keyboard, a 

mouse, and any other USB devices. 

Most USB ports are powered and driven by USB controllers in pairs. For this reason, although 

the computer may appear to have an adequate number of USB ports, it still may not recognize one 

or more connected sensors or devices. 

As the USB bandwidth is important, Kinect reserves the bandwidth for the camera for the first 

time when the drivers load. So, the first Kinect that is loaded will hold the bandwidth it needs. 

Then, any further connected Kinects will fail to load their camera drivers. Even if you aren't using 

the first loaded device, it will still hold the bandwidth for its own use. During unload, Kinect 

releases the bandwidth. 

For example, at least five pairs of independently powered and controlled USB 2.0 (or 3.0) 

ports -are recommended when using a four-sensor setup. 

In other words, one USB bandwidth can only support one sensor, so we need more USB cards 

to connect to motherboard if we need more Kinects. 
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In my case, the original motherboard provides two USB buses, one is linked to the front ports 

of computer, and the other one is linked to the back ports. So the original computer can take two 

Kinects. Then I insert two USB 3.0 PCI express cards, which may need additional power supply. 

In the beginning, I found many problems. For instance,  

 Computer system cannot detect the USB cards;  

 The computer can detect the cards, but cannot transfer the data; 

 The cards seem to work fine, but the data capture is very slow or the capture process 

suddenly shut off; 

 The computer even shut down for power shortage. 

To solve the problems, I plugged in a more powerful power supply to support the PCI express 

cards. The hardware is showed in Figure 3.3: 

 

Figure 3.3 Hardware with PCI express USB cards 
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3.2   Create a Real-Person Model 

3.2.1 Capture Data 

The view field data of each Kinect is listed below: 

 Horizontal field of view: 57 degrees 

 Vertical field of view: 43 degrees 

 Physical tilt range: ± 27 degrees 

 Depth sensor range: 1.2m - 3.5m 

As shown in Figure 3.4, the four Kinects capture four different areas. They need to have some 

overlapping of each other for further alignment. If there is not enough overlapping area, the 

alignment may fail. 

 

Figure 3.4 Scan region distributions 
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3.2.1.1  Single Mesh Set 

With help of OpenNI and KScan3D, we can obtain mesh data from four Kinects. Using a 

threshold to define the valid depth distance of environment, we can ignore the noise data of 

surroundings that is too far or too close to the sensor. However, we always get some useless data, 

but that we can manually delete. Figure 3.5 shows the original data from sensors. 

     

Figure 3.5.1 Single data set from sensors 

  

Figure 3.5.2 Single data set from sensors with texture 
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3.2.1.2 Alignment 

The mesh pieces can be automatically moved to the right places with global alignment method.  

If there is not enough overlapping data from one scan to the next, the system may fail to 

properly align a mesh to another related mesh. In this case, we can scan again or manually align 

the meshes. 

The main idea of global alignment, a graph of pairwise alignments between scans, has been 

well discussed in [25][26]. Pairwise rigid alignment in the geometry level is computed first. On 

an upper level, global error distribution is operated. The errors of all views graph methods can be 

simultaneously minimized rapidly, and all scan in memory is not needed. For models with lots of 

scans, this is especially practical. 

    

Figure 3.6.1 Single data set after alignment 
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Figure 3.6.2 Single data set after alignment with texture 

3.2.2 Template 

Because we need many frames from each sensor, instead of doing alignment for each frame, we 

can set up a template. The template can reduce most repeated work. 

In my case, a rough template is constructed by the first data frame. The template is deformed 

based on the feature correspondences returned in the corresponding color maps, [27] and thus the 

points can be driven accordingly. With the deformation, the points can then be approximately 

aligned in different frames.  

In other words, the first frame can be set as a preset, so the global position of each sensor is 

stationary. When people turn around, the relative location of four images from four Kinects are 

fixed. Therefore, the meshes captured in following frames are automatically located in the right 

places. 
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3.2.3 Combine Mesh Sets and Finalize 

After four scans of four angles, four pieces of mesh set are generated, we can rotate and move the 

mesh sets. Global alignment method is also helpful to get the pieces into right places, as shown in 

Figure 3.8. 

   

Figure 3.7.1 Mesh sets alignment 

   

Figure 3.7.2 Mesh sets alignment with texture 



28 
 

After alignment, combine these mesh sets, and finalize. A human model is ready to export. 

Finalization includes hole filling, mesh overlap merging, resampling, and smoothing. The 

following figures present the finalized result: 

   

Figure 3.8.1 Mesh sets finalization 

   

Figure 3.8.2 Mesh sets finalization with texture 
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3.2.4 Depth Maps to Point Clouds 

Depth maps obtained from a Kinect device are noisy by nature, and contain holes in areas where 

the sensor cannot reliably determine depth values. Also, captured scenes often contain more than 

the objects we are interested in. 

3.2.4.1   Hole-Filling for Depth Maps 

The first step is hole-filling for depth maps. To recover lost or deteriorated parts of images and 

videos, there is a technique called inpainting. Its applications are usually linked to art restoration 

in the real world. Inpainting methods attempt to remove unwanted objects or to reconstruct 

damaged (noisy) parts of an image in the digital world [28]. Inpainting techniques are always 

applied to fill holes in the depth map. As can be seen in [29] [30], the use of inpainting as a hole-

filling technique is not new. [31] presents comparison of two different inpainting approaches:  

 Diffusion-based Inpainting 

 Exemplar-based Inpainting 

From their tests, it can be seen that while exemplar-based inpainting shows less error in the 

first test, it is surpassed by FMM inpainting in the following and more complex tests. This is 

probably due to the fact that exemplar-based inpainting works with image patches. While patches 

can be a good solution for the reconstruction of color images, depth maps represent in this case 

the shape of relatively smooth surfaces. The use of patches would then introduce unwanted 

discontinuities, thus increasing the error. On the other hand, FMM inpainting ensures the 

smoothness of the reconstruction. For this reason, this is the method used in the rest of this work. 
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3.2.4.2   Depth Map Segmentation 

After reconstructing missing areas in the depth map, the next step is to segment and extract the 

object(s) of interest from the scene. [31] shows qualitative assessment of three different 

segmentation methods. 

 Average-based segmentation 

 k-Means Segmentation 

 Grab cut Segmentation 

3.2.4.3   Point Cloud Generation 

The final step after performing hole-filling and segmentation is to generate a point cloud from the 

RGB map. 

The final step involves the transformation of a point   (       )  where  (   ) is the 

position of the point in the image plane,    is the depth of the point and   is the color of the point. 

The transformation is given by: 

    
 (      )

  
 

     
 (      )

  
 

     

Where               are the intrinsic camera parameters. The point is also assigned the color 

value     This process is repeated for every valid point in the registered depth map. 
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3.2.5 Export 

With the help of Kscan3D, the model can be exported in the following 

formats: .fbx, .obj, .stl, .ply, and .asc. Kscan 3D also provides a very useful method to create 

vertex-based texture. Each pixel of texture file is mapped to the vertex of mesh. 

To move to the next step of my system, I export the model as FBX (.fbx) file. The system can 

export one or more original (i.e. uncombined and unfinalized) meshes or point clouds in the .fbx 

format. The point cloud is generated as texture file. 
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Chapter 4  

Scanned Model Customization (SMC) 

Maya
® 

Plug-in 

The main purpose of the SMC plug-in is to process the input scanned model: improve model 

quality, customize the model, bind animation sequences, and provide connection with the game 

engine. The following Figure 4.1 shows the main workflow: 

 

Figure 4.1 Main workflow 
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We divide the SMC plug-in to 4 parts: 

 Initialization options 

 Customization settings 

 Motion capture animation options 

 Load to game options 

 

Figure 4.2 SMC Plug-in UI 
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The SMC Plug-in User Interface (UI) shows in Figure 4.2. I use MEL(Maya
®
 Embedded 

language) to develop the main UI part[32]. 

4.1    Initialization Options 

The original finalized scanned model has many deficiencies: 

 Unconformity coordinate system 

 Unqualified size 

 Missing data 

 Noisy and jagged meshes 

 Excessive mesh amount (high mesh density) 

With “Initialization Options” part in SMC, we can automatically initialize the scanned model 

to the right size and orientation, reduce mesh amount, fill holes, and smooth 

4.1.1 Rotate, Scale and Move 

We need the model to stand on (0, 0, 0) global coordinate, and be perpendicular to the ground. 

To implement this, we first calculate the smallest enclosing box for the original model and 

translate/rotate the box, then map the transition vector of box to the model. 

In computational geometry, to find the oriented minimum bounding box enclosing a set of 

points is called the smallest enclosing box problem. It is a type of bounding volume. "Smallest" 

may refer to area, volume, perimeter, etc. of the box. 
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To find the smallest enclosing box for the convex hull is sufficient in question. To find the 

smallest enclosing box that has sides parallel to the coordinate axes is straightforward. To 

determine the orientation of the box is the difficult part of the problem.   

We can find many methods to calculate the bounding box. Fortunately, Maya
®
 provides an 

embedded method. Figure 4.3 shows the bounding box. 

 

Figure 4.3 Bounding box 

The next step is determining how to automatically translate and rotate the box to the global 

center. 

Given a point M’ (x’, y’, z’) in coordinate system O-XYZ, we have a local coordinate system 

O’-X’Y’Z’ with the origin at M’, where the three unit vectors are X’, Y’, Z’, and each pair of 

them are perpendicular to the other. To transform the local coordinate system to the global 

coordinate system, we apply two steps procedure as following: 
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Translate M’ to the origin O of the coordinate system O-XYZ, the translation vector will be,  

T (  ,   ,   ) = (x’, y’, z’)                                                       (1) 

By formula (1), all the vertices in the coordinate system O-XYZ will be represented in a new 

coordinate system O’ -XYZ where the directions are the same as O-XYZ, but the origin is M’.  

Rotate all the vertices in O’-XYZ to the coordinate O’-X’Y’Z’ using rotation matrix R, which 

can be calculated by (2).  

XYZ = R     X’Y’Z’ 

R = XYZ    (X’Y’Z’)’                                                     (2) 

Where XYZ and X’Y’Z’ are the matrices composed of the three unit vectors of coordinate 

system O-XYZ, and O’X’Y’Z’, respectively. Based on translation vector T and rotation matrix R, 

a uniform transformation matrix can be formed by S, 
0 1

R T 
 
  . Thus, all the vertices in the 

coordinate system O-XYZ can be transformed to the coordinate system O’-X’Y’Z’ by (3) 

V’= S     V                                                             (3) 
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Figure 4.4 Vector orientation 

4.1.2 Reduce Meshes  

Meshes can be reduced by any percentage or set a limit number of triangle/vertex. Usually a low-

meshes model is better for the game engine. 
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Figure 4.5 Reduce options and mesh reduction result (reduced by 75%) 

4.1.3 Holes Filling and Smoothing 

I also call on the Maya
®
 embedded hole filling and smoothing method to further improve the 

model. Before smoothing, the filled face needs to triangulate. 
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Figure 4.6 Hole filling and smoothing 

4.2   Customization Settings 

With "Customization Setting,” we can add personal details to the model, like better-quality arms, 

different styles of shoes, glasses and wigs.  

Since limits occur when we scan something which is too thin to be scanned clearly, these 

features can hide those limits and add something fun to the system. 

Arms/shoes/glasses can be automatically added to the human model at the correct positions, 

but a little manual adjustment may be needed. Figure4.7 presents an example. 
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Figure 4.7 Shoes/glasses samples of customization 

 

Figure 4.8 Radio buttons 

With the radio buttons in Figure 4.8, we can add only one feature option at a time to the model, 

but we can easily change the color of these shoes/glasses model.  

Wig features add a hair effect to the model. I provide several wig models that the avatar can 

wear directly, and  also can change color of the wigs.  

I separate some of these features between boys and girls, because customization varies by 

gender.  
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4.3   Motion Capture Animation Options 

In this part, we can load and bind thousands of motion capture animations into the scanned model. 

The test data comes from the Carnegie Mellon University Motion Capture Database. It has 

2605 different motions, and is free to use in research projects. 

CMU scanned the motion data by placing markers on human and 12 Vicon infrared MX-40 

cameras, each of which is capable of recording 120 Hz with images of 4 megapixel resolutions. 

The cameras are placed around a rectangular area, approximately 3m x 8m, in the center of the 

room. Only motions that take place in this rectangle can be captured. If the motion of human 

hands is being captured, more detail is required and the cameras are moved closer to capture a 

smaller space with higher resolution. The following link is the motion capture dataset list:  

http://mocap.cs.cmu.edu/ 

I can transfer this data of skeleton to our own model, so the users can see their own animation 

in Maya
®
, and render this animation to a video. In the plug-in, I provide walking, running, 

jumping and dancing cycles as the sample of motion capture animation. 

I also present the way to use this dataset with our model in Maya
®
: After downloading the 

motion data, process the data with asf2mel script, then load the skeleton.mel, bind the model and 

skeleton, adjust the weight a little, load mov.mel, and we can get the animation sequence. The 

files are shown in Figure 4.9: 

http://mocap.cs.cmu.edu/
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Figure 4.9 Mocap data files 

In the game engine, I use Kinect to capture the motion data. I also provide methods to record 

this data for further research. 

4.4   Load to Game Options 

This part establishes the connection between Maya
®
 and game engine. 

After the scanned model is initialized, customized and tested with motion capture animation 

(optional), the model is ready to be a game avatar. We use Kinect to capture real-time motion 

data, and map the data to skeleton moving. Therefore, we need to bind the skeleton to the real 

person model first. 
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Some portion of the character's visual representation is associated with each bone in the 

skeleton. The process of creating this association is “skinning.” The bone is associated with a 

group of vertices in the most common case of a polygonal mesh character; for instance, the 'thigh' 

bone in a model of a human being would be associated with the vertices making up the polygons 

in the model's thigh. Portions of the character's skin can normally be associated with multiple 

bones, vertex weights, or blend weights, or skin weight is used to present the scaling factors. The 

movement of skin near the joints of two bones, can therefore be influenced by both bones. 

The skin weight shows how the skeleton influences the model. As the example in Figure 4.10, 

we can see the skin weight visually in Maya
®
. When we select the right thigh bone, the weight 0 

is showed in black and 1 is showed in white. The number between 0 – 1 means the strength of 

influence, 1 is the maximum, means this part of vertexes are totally controlled by this bone, 0 is 

minimum, means this bone has no influence to this part of vertexes. 
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 Figure4.10 Skin weight example 

In Maya
®
, we can easily set the skin weight to the vertexes. After weight setting, we export the 

avatar to Unity game engine and develop a Kinect-controlled game based on this avatar. 
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Chapter 5  

Health Game 

 

The main purpose of this game project is to have children do more physical exercises. As 

discussed in Chapter 2, game selection varies by gender, so I designed game faces for boys and 

girls. 

In this thesis, I present an adventure game for boys as example. The main game story is: 

A little princess was caught by an evil dragon. The dragon took the princess to 

an island floating in the sea that no one can reach. The king and the queen 

were so worried. One day, a warrior came to the kingdom claiming that he can 

save the princess. The warrior had a magic carpet with which he can fly. The 

king and the queen were so happy. 

But when the warrior reached the island, he found that the dragon was so 

strong that he cannot fight with it. He could be swallowed by the dragon with in 

any second. He must think of other ways to save the princess. Suddenly, he 

found there were a lot of treasures on the island and the dragon loves treasures. 
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Now the warrior needs to collect enough treasures to tempt the dragon so that 

he could have the chance to save the princess without fighting the dragon. But 

there were also things on the island that can never be touched. Once touched, 

you may die. 

My game involves physical activity, I use Kinect as the motion detect sensor.  

The concepts and techniques workflow can be divided into 5 sections: 

 Avatar 

 Game Scene 

 Rewards/Punishment System 

 Items 

 Others 

5.1   Avatar 

 

Figure 5.1 Techniques in avatar 
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5.1.1  SMC Plug-in Output 

In Chapter 4, we discussed the requirements of an avatar for Unity 3D game engine. Now, we 

have a character model with low-mesh-density, binding skeleton and skin weight data. We 

use .fbx file to export the model, and save it under the game project index. In Unity, we just 

easily drag the model from project folder to 3D scene, where we can see the model in game scene 

and Hierarchy list.  

5.1.2 Kinect SDK 

Unity is a scripting game engine. Users implement their own method with coding script. Also, 

many existing scripts can be found in Unity Asset Store [33]. Microsoft releases Kinect SDK 

Unity version for free download. The SDK is witted as script, we can easily learn it in sample 

demo. 

However, we found some deficiencies in original SDK: 

 Real-time animation is noisy and jagged 

 It is a mirror coordinate 

 The sample skeleton cannot jump/crouch  

To solve the noise, we use a moving average filter to smooth the data: 

5.1.2.1   Moving Average Filter 

Tracking data from Kinect is smoothed by the moving average filter by replacing each data 

point with the average of the neighboring data points which is defined within the span. This 
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process is equivalent to lowpass filtering with the response of the smoothing given by the 

difference equation: 

  ( )   
 

    
 (  (   )   (     )     (   )) 

where   ( ) is the smoothed value for the   th data point,   is the number of neighboring data 

points on either side of   ( ) , and      is the span. 

Suppose smooth data using a moving average filter with a span of 5. Using the rules described 

above, the first four elements of    are given by 

  ( )  ( ( )) 

  ( )  ( ( )   ( )   ( ))   

  ( )  ( ( )   ( )   ( )   ( )   ( ))   

  ( )  ( ( )   ( )   ( )   ( )   ( ))   

Note that    ( )    ( )     (   )  refer to the order of the data after sorting, and not 

necessarily the original order. 

The coordinate problem we are using vector mapping method to replace mirror joints. 

5.1.3 Moving Method 

The moving methods include two parts, global moving and local moving. Global moving 

means how the avatar with the carpet moves in the game scene. Local moving means how the 
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avatar moves against the carpet. We design a spline method for global moving and jump/crouch 

method for local moving.  

5.1.3.1   Spline Walker 

Kinect game has many different features as normal controller game. 

Since depth camera has a settled detect region, moving forward or backward is hard to detect. 

Therefore, we make the avatar always moving along a spline like a roller coaster. The moving 

speed, direction, and start point can be defined by user. 

 

Figure 5.2 Spline 

5.1.3.2   Jump/Crouch Detection 

To detect and call height translation, I tried 2 methods for jumping (crouch is almost the same): 
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 Compare every frame with the average of 4 previous frames, if the transform of height is 

greater than a threshold, then jumping is detected. If not, set the height to be the average.  

In this method, the animation looks quite smooth. But I found several problems: people 

crouch a little before jumping, and also crouch a little after jumping. The result was like 

jumping each time when people crouch then stand up. 

 Capture 30 frames before game start, set the average of these 30 frames to be the initial 

value, compare every frame with this initial value, call jumping when the difference is 

above the threshold, if not, lock the height to be initial value.  

This method seems to be more accurate, but animation is not smooth as the previous 

method, so I use moving average filter again to smooth data. 

5.1.4 Collider 

The collider system in my case is quite complex. In most normal games, avatar collider is 

simplified to be a capsule or a sphere. But in my case, I need more accurate colliders. So, I 

developed a collider creation plug-in. 

With the plug-in, we can automatically generate a collider system including two capsule 

colliders for each arm and leg, a sphere collider for the head and a box collider for the spine. The 

skeleton data should be dragged to the corresponding label as showed in Figure 5.3: 
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Figure 5.3 Skeleton collider plug-in UI 

                         

Figure 5.4(a) Collider in normal game           (b) Collider system in our game 

Our collider system is bounding around each bone; the colliders also move with body motion. 
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5.2    Game Scene 

 

Figure 5.5 Techniques in game scene 

5.2.1  Camera 

Our main 3D camera is focused on avatar, so it is also a spline walker and always looks at the 

avatar. I also buil two 2D cameras. One is focused on the Health bar, and the other one is focused 

on real-time RGB image.  

All the 3D cameras are shown in the same view. The 2D cameras are fixed in position. 

We also bound an audio listener to the main camera.  
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5.2.2 Light 

We set a directional light to simulate sunlight, and a spot light to track the avatar. 

5.2.3 Game Stages 

The stages are saved in different scenes, including a start scene, a “game over” scene, and game 

levels. The stages are called by their particular situations. For example, when a player’s health 

value reaches 0 in game level n, the “game over” stage is called. Players can also return to the 

game start stage with a button in the “game over” stage. 

5.3   Rewards/Punishments System 

 

Figure 5.6 Techniques in rewards/punishments system 
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In the rewards/punishments system, I implemented algorithms to calculate two main global 

variables in the game. One is health, and the other is money. 

Both of these variables change values when collisions with particular items are detected. For 

instance, when a collision with a coin is detected, a random number (in preset range) is added to 

the original value. 

The difference between health and money is that health starts at 100, while money starts at 0. 

Health can be both added and reduced, while money can only be added. They both have a 

minimum value 0. When health hits the minimum, the game is immediately over. If money stays 

at 0, (or does not exceed a number), the game will be over after a specific time. 

Health has a maximum value 100. When health reaches 100, it cannot be increased, but it can 

be reduced. Money does not have a maximum value. 

Health is shown as a health bar with value on it. Money is only shown as number. 

In order to pass a level, health must maintain a higher level than 0, and money must exceed a 

certain value (varies with level difficulty). 

 

Figure 5.7 Health bar and money value 
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5.4   Items 

 

Figure 5.8 Techniques in items 

All the game items are placed along the spline. Players can catch the positive items with any part 

of the body or move/jump/crouch to avoid touching the negative items. 

All the item effects are triggered by any collision with the skeleton collider. The item model 

is bounded with a sphere or box collider which is set to be the trigger. 

5.4.1 Positive Items 

There are three kinds of positive items: treasure, food, and an item with effect. 

A hit on treasure will add money value, and food will add to the health value. Positive effects 

includes (but are not confined to): speed slowdown and becoming automatically magnet to all 

treasure items. 
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5.4.2 Negative Items 

There are two types of negative items: barrier and item with effect. 

A hit on a barrier will reduce health value, and negative effects include (but are not confined 

to) speeding up, and freezing (no motion). 

5.5   Others 

 

Figure 5.9 Techniques in others 

5.5.1 GUI 

A type of user interface that allows users to interact with electronic devices through graphical 

icons and visual indicators such as secondary notation is called graphical user interface (GUI), as 

opposed to text-based interfaces, typed command labels or text navigation. 

In previous sections, I introduced health bar and money value as examples of GUI.  
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In my system, I use a cursor of hand to select buttons. When the cursor stays on a button for a 

period of time (for example, for five seconds) then we can say the button is pushed down. While 

the five seconds are counting down, a circle is drawing clockwise around the cursor. The circle is 

completed within in five seconds. When finished, it means the button is pushed down.  

 

Figure 5.10 Cursor detection 

5.5.2 Low-poly Models 

All the objects in game scenes, like a such as a bird, a tree, or a carpet, are imported to the game 

engine as 3D models built in 3D software such as Maya
®
. 

For example, Figure 5.10 shows the work involved building a 3D animated model in Maya
®
 

and drawing texture in Photoshop. In game scene, the key frame animation can be played in loop. 
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Figure 5.11 Work involved in build a carpet model 

5.5.3 Particle System 

A particle system uses a large number of very small sprites or other graphic objects to simulate 

several kinds of "fuzzy" phenomenon, which are otherwise difficult to reproduce with 

conventional rendering technology of computer graphics technology. 

Using particle systems typically includes examples of phenomena such as fire, smoke, flowing 

water (like a waterfall), explosions, sparks, leaves, fog, clouds, dust, snow, stars, meteor tails and 

galaxies, or abstract visual. These particles quickly fade, and then re-emit from the source effect -

- like the glowing trail, magic and other effects. Another technique that can be used include many 
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things strands - such as fur, hair, grass, and to rendering a particle once in lifetime  which can be 

defined as single strand then be drawn and manipulated of the material in question. 

In my game, I use particle system to simulate water, fire, shining effects of game items. 

5.5.4 Audio 

I set a sequence of background music playing with game stage.  

Status sound is played when a particular status is triggered. For example, a “bling” sound 

plays when a coin is collected. 

Some audio is set to be 3D, which means when the audio listener embedded in main camera is 

closer to the item, the volume of that item sound effect is turned up and vice versa.  
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Chapter 6 

Conclusion and Discussion 

 

6.1 Conclusion 

In this thesis, I build a complete system to scan a real person 3D avatar and customize it, and 

enjoy playing the avatar in a fantasy 3D virtual world. It creates an immersive game experience. I 

have presented all the techniques and concepts in 3 sections: 

 Multiple-Kinect 3D Scan 

 Scanned Model Customization (SMC) Maya
®
 Plug-in 

 Health Games 

With 3D scan, we can generate a basic model with texture information. With an SMC plug-in, 

we can improve the quality of scanned model and customize it.  Then, we are able to develop a 

motion -capture sensor-based game in which the game avatar looks exactly the same as the player 

and performs the same motions as the player in real time. With these youth-oriented, immersive 
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games, I want to encourage people, especially children, to form a habit of physical activity 

through video games.  I hope the behavior will be maintained over time. 

6.2 Limitations and Future Work 

Although I successfully built an avatar creation and customization and health game system, there 

is still ongoing research work with many possible enhancements. Some of the current limitations 

and future enhancements are given below:  

 Manual work cannot be avoided.  The time cost for manual work is based on operation 

skill, so it’s hard to learn the whole system. To generate the first template, a skillful 

operator may need 15 minutes and the other scans (based on a template) may need five 

minutes each. Also, 10 minutes may be required to combine four scans. Additionally, if 

the Kinects are moved slightly, a new template needs to be rebuilt. For a new operator, it 

takes longer. Therefore, in the future, we need to improve the algorithms to reduce the 

manual work. 

 Too many steps make it easier to miss a step and, if even one step is missed, the system 

may fail. The SMC plug-in also need skillful Maya
®
 operator. For a new person to Maya

®
, 

several days of training may needed. If the operator is not familiar with Maya
®
, the result 

may fail. So, we will need to “package” everything in the future. 

 In the game, real-time motion rendering cannot be as smooth as animation mapping, but 

animation mapping also has limitations. We cannot include all the motions that people 

can do in the database. To solve this, we will try to combine the animation mapping and 

real-time motion rendering. 
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