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Abstract. Kinect is a line of motion sensing input devices by Microsoft for 
Xbox 360 and Xbox One video game consoles and Windows PCs. Based 
around a webcam-style add-on peripheral, it enables users to control and 
interact with their console/computer without the need for a game controller, 
through a natural user interface using gestures and spoken commands. The 
virtual simulation system is designed in the paper. Key Technologies of the 
Simulation System based on Virtual movement such us Characters in skinned 
binding technology, Kinect data capture, Movement data extraction and 
processing model, Depth of the image to bone, Sports redirection module and 
Skeleton model with motion data node bound are introduced in the paper. 

1 Introduction 

There are mainly three methods in traditional virtual movement simulation: manual 
driven, model driven and data driven. With an increasing demand for simulation 
authenticity, image quality, action complexity, low cost in virtual movement 
simulation and so forth, the three methods has revealed their deficiencies. To be 
specific: Manual drive need professional animators to set a key frame by hand first, 
and then finish simulating the movement with difference method, which relies solely 
on the animators’ experiences and is inefficient. Model driven need mathematical 
model to abstractly present human movement process, which is more convenient. 
However large amount of calculation usually cannot put real human motion data into 
virtual model. Data driven uses mechanical, electromagnetic, acoustic or optical 
methods to realize motion data capture, but people must carry some external sensor 
equipment during the process. It can guarantee high quality movement data, but the 
external sensor equipment will bring inconvenience to the motion of the body. Most 
importantly, motion capture equipment has a high price, which is difficult to prompt 
and put in use [1].  

Therefore, it has an important practical meaning to study on virtual movement 
simulation based on Kinect. Kinect is a body feeling peripherals designed by Microsoft 
for Xbox360 main engine. It is different from traditional camera, which not only has 
color image acquisition function as ordinary camera, but also can realize depth data 
acquisition by two infrared transceiver in front of the camera. This function can help 
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Kinect to get depth data of 3D scene with a low cost. And by the use of machine 
learning and pattern recognition methods, it can extract three dimensional space and 
direction of human skeleton model and articulation point from the depth data. Finally, 
the data will be applied to the virtual character model after real-time processing based 
on the single frame to complete the human movement simulation. 

Movement simulation based on Kinect is still at the research stage home and 
abroad. It is mostly used in game development, action recognition and so forth, such 
as dancing, racing game, etc, which at the most time lacks of interaction between 
virtual characters and virtual scene. 

The virtual simulation system is designed in the paper. Key Technologies of the 
Simulation System based on Virtual movement such us Characters in skinned binding 
technology, Kinect data capture, Movement data extraction and processing model, 
Depth of the image to bone, Sports redirection module and Skeleton model with 
motion data node bound are introduced in the paper. 

2 Kinect 

Kinect is a line of motion sensing input devices by Microsoft for Xbox 360 and Xbox 
One video game consoles and Windows PCs. Based around a webcam-style add-on 
peripheral, it enables users to control and interact with their console/computer without 
the need for a game controller, through a natural user interface using gestures and 
spoken commands [2]. The first-generation Kinect was first introduced in November 
2010 in an attempt to broaden Xbox 360's audience beyond its typical gamer base. A 
version for Windows was released on February 1, 2012. Kinect competes with several 
motion controllers on other home consoles, such as Wii Remote Plus for Wii, 
PlayStation Move/PlayStation Eye for PlayStation 3, and PlayStation Camera for 
PlayStation 4. Kinect for Xbox 360 see Figure 1. 

 

Fig. 1. Kinect for Xbox 360 

Kinect builds on software technology developed internally by Rare, a subsidiary of 
Microsoft Game Studios owned by Microsoft, and on range camera technology by 
Israeli developer PrimeSense, which developed a system that can interpret specific 
gestures, making completely hands-free control of electronic devices possible by 
using an infrared projector and camera and a special microchip to track the movement 
of objects and individuals in three dimensions. This 3D scanner system called Light 
Coding employs a variant of image-based 3D reconstruction. 
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Kinect sensor is a horizontal bar connected to a small base with a motorized pivot 
and is designed to be positioned lengthwise above or below the video display. The 
device features an "RGB camera, depth sensor and multi-array microphone running 
proprietary software", which provide full-body 3D motion capture, facial recognition 
and voice recognition capabilities. At launch, voice recognition was only made 
available in Japan, United Kingdom, Canada and United States. Mainland Europe 
received the feature later in spring 2011. Currently voice recognition is supported in 
Australia, Canada, France, Germany, Ireland, Italy, Japan, Mexico, New Zealand, 
United Kingdom and United States. Kinect sensor's microphone array enables Xbox 
360 to conduct acoustic source localization and ambient noise suppression, allowing 
for things such as headset-free party chat over Xbox Live. 

The depth sensor consists of an infrared laser projector combined with a 
monochrome CMOS sensor, which captures video data in 3D under any ambient light 
conditions. The sensing range of the depth sensor is adjustable, and Kinect software is 
capable of automatically calibrating the sensor based on game play and the player's 
physical environment, accommodating for the presence of furniture or other obstacles. 

Described by Microsoft personnel as the primary innovation of Kinect, the 
software technology enables advanced gesture recognition, facial recognition and 
voice recognition. According to information supplied to retailers, Kinect is capable of 
simultaneously tracking up to six people, including two active players for motion 
analysis with a feature extraction of 20 joints per player. However, Prime Sense has 
stated that the number of people the device can "see" (but not process as players) is 
only limited by how many will fit in the field-of-view of the camera. 

This infrared image shows the laser grid Kinect uses to calculate depth .The depth 
map is visualized here using color gradients from white (near) to blue (far)Reverse 
engineering has determined that the Kinect's various sensors output video at a frame 
rate of ~9 Hz to 30 Hz depending on resolution. The default RGB video stream uses 
8-bit VGA resolution (640 × 480 pixels) with a Bayer color filter, but the hardware is 
capable of resolutions up to 1280x1024 (at a lower frame rate) and other colour 
formats such as UYVY. The monochrome depth sensing video stream is in VGA 
resolution (640 × 480 pixels) with 11-bit depth, which provides 2,048 levels of 
sensitivity. The Kinect can also stream the view from its IR camera directly (i.e.: 
before it has been converting into a depth map) as 640x480 video, or 1280x1024 at a 
lower frame rate. The Kinect sensor has a practical ranging limit of 1.2–3.5 m  
(3.9–11.5 ft) distance when used with the Xbox software. The area required to play 
Kinect is roughly 6 m2, although the sensor can maintain tracking through an 
extended range of approximately 0.7–6 m (2.3–19.7 ft). The sensor has an angular 
field of view of 57° horizontally and 43° vertically, while the motorized pivot is 
capable of tilting the sensor up to 27° either up or down. The horizontal field of the 
Kinect sensor at the minimum viewing distance of ~0.8 m (2.6 ft) is therefore ~87 cm 
(34 in), and the vertical field is ~63 cm (25 in), resulting in a resolution of just over 
1.3 mm (0.051 in) per pixel. The microphone array features four microphone capsules 
and operates with each channel processing 16-bit audio at a sampling rate of 16 kHz. 
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Fig. 2. The laser grid Kinect uses to calculate depth and The depth map is visualized here using 
color gradients from white (near) to blue (far) 

Because the Kinect sensor's motorized tilt mechanism requires more power than 
the Xbox 360's USB ports can supply, the device makes use of a proprietary 
connector combining USB communication with additional power. Redesigned Xbox 
360 S models include a special AUX port for accommodating the connector, while 
older models require a special power supply cable (included with the sensor) that 
splits the connection into separate USB and power connections; power is supplied 
from the mains by way of an AC adapter. 

3 Key Technologies of the Simulation System Based on Virtual 
Movement 

The paper proposes a simulation system based on the virtual movement, and conduct 
detailed description about the integrated design of this project. It is included data 
capture, data analysis and processing, redirection for the movement data, skeletal 
model binding and action instruction design module and so on. 

This system combines Kinect and Unity3D, for use human body directly as a 
controller input to achieve the control for real-time movement of the role model in the 
virtual scene. At the same time, to design simulation movement instruction for the 
completion interaction between virtual role and scene object. 

At last, the system can achieve real-time movement simulation and also can 
recognize interaction instruction to realize the interaction between virtual role model 
and scene. It mainly consists of four modules: (1) 3D point cloud acquisition module; 
(2) human bone skeleton extraction and movement data capture module; (3) 
movement data processing and redirection module; (4) action figures simulation 
module. 

3.1 Characters in Skinned Binding Technology 

The first step of virtual action figures simulation is to set up the role virtual model. 3D 
virtual role model consists of skeleton model and skin. Skeleton is a tree structure, 
which is generally formed by the connected relation between the nodes, just shown in 
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Figure 3. Skin is a skin mesh, including the top point coordinate information, texture 
coordinate information and texture information of skin grid. In generally, skeleton 
model can reflect the action figures information accuracy. Therefore, after conduct 
with the motion data captured by motion capture device, apply the data to skeleton 
model, through each frame skeleton movement data to realize model driven, as usual 
as the reuse of the movement data. Skin is bound to one or more special bone joints, 
through the skeleton movement to drive the skin movement. The skin binding 
technology is a technique method, which is to complete this correspondence relation 
between skin and bone joints, reappear complex movement information through 
simple skeleton movement and drive the movement of skin model [3]. 

 

Fig. 3. Illustrated skeleton joints 

3.2 Kinect Data Capture 

The image data stream maybe can be understood as a contiguous of a collection still 
picture group. At initialization, you can set related option, including image resolution 
ratio, image type and video streaming buffer size. Next, open the image and set the 
video streaming buffer size, usually the application should acquit data before the  
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relief area filled. Otherwise, with the coming of the data frame, the old data frame 
will be lost. Users can interview two kinds of data from Kinect, first is color flow 
image data, and the other is depth image data. 

3.3 Movement Data Extraction and Processing Model 

By Kinect somatosensory camera, 3D world can be seen, but it is important content 
during research about how to extract the human body and its movement information 
from the 3D information. The 3D color information and depth information got by 
Kinect can’t be served as movement data directly to drive any 3D model, so it needs 
to be conducted with background separation, bone extract, de-noising and smoothing 
treatment operation. 

3.4 Depth of the Image to Bone 

How to recognize human body and action figures with the depth information is the 
main research content in this section. It will be divided into four stages: human 
identification, classification of human body parts, and identification about the joints 
and bones joints movement smooth. 
 
1) Human Identification 
Human identification, also known as the user data partition, its main goals is to 
individual the human body from depth image and background. Therefore, the object 
needs to be filtered around the character operation, remove the noise. First, to extract 
with the outline of the whole depth image, compared with color image, depth image 
will not affect with the ambient light, so the extracting the target figure to be smaller 
than the contour noise color image [4][5]. 
 
2) Classification of Human Body Parts 
Due to a variety of body posture, it can’t be listed all, so human body is to be fast 
classified through the Eigen value. This process should go fast and accurate enough 
will use the machine learning algorithm, using characteristic value to record and 
identify various body postures of people [6]. 
 
3) Identification about Joints 
This paper uses OpenNI driver, therefore in accordance with OpenNI "skeleton 
tracking" can capture 14 off Node to generate a skeleton system. This is to find out 
the location of each joint from the body 14 of the relevant node, here the body's joints 
can be distinguished by Leonardo da Vinci's Vitruvian Man diagram[7]. 
 
4) Skeletal Joints Smooth Movement 
In skeletal tracking process, due to noise, hardware performance and other factors can 
lead to incoherent action figures, bone joints. The relative position between the large 
changes from frame to frame jitter or jumping generated, resulting in false operation 
of the virtual. To solve this problem is to smooth the data by the coordinate 
standardization to reduce bone joints of the frame and the frame of difference between 
the joint positions [8]. 
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3.5 Sports Redirection Module 

Sports redirection is a technology, which is referred to when apply the original motion 
data to the virtual scene role through 3D movement of the device, the virtual character 
size ratio and the ratio may not be captured exactly the same entity, even different 
skeleton results under circumstances such action may lose the original features, then 
you can redirect the movement of data through the movement through a series of 
operational re-directed to the virtual character models leaving the action to maintain 
the original characteristics[9]. 

3.6 Skeleton Model with Motion Data Node Bound 

In this paper, to take the Unity3D game development platform for virtual human 
motion simulation, Unity3D is a more powerful integrated game engine and editor 
that allows you to quickly and efficiently create objects, import external resources, 
and use the code to connect them together . Unity3D provides a visual editor, in 
principle it is that you can use to build a simple drag and drop actions to complete any 
task, or even a script to connect, create complex variable assignment or resource 
contains multiple parts. Meanwhile Unity3D also includes an integrated scripting 
environment, command-driven and action control model simulation process is mainly 
controlled by writing a script to implement virtual models and simulation-driven 
action command module. 

At beginning, Kinect was designed for game console of Xbox360, which conduct the 
body as a controller to control the virtual role movement. In order to Kinect can be 
widely application to other fields, such as telemedicine, animation production, game 
character control, virtual assembly and other fields. The interaction between virtual role 
and scene is essential. By studying the previous section, now we can use the movement 
data with Kinect through redirecting way to drive the virtual scene role model. So how 
to achieve a deeper level of interaction, such as the interactions between objects in 
virtual characters and scenes, including virtual characters can grab objects in the scene, 
assembly, mobile and other operations are the main research in this paper. 

4 Conclusions 

The virtual simulation system is designed in the paper. Key Technologies of the 
Simulation System based on Virtual movement such us Characters in skinned binding 
technology, Kinect data capture, Movement data extraction and processing model, 
Depth of the image to bone, Sports redirection module and Skeleton model with 
motion data node bound are introduced in the paper. 
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