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ABSTRACT 

 

Internet is making e-commerce the primary means by 

which shoppers purchase new products. However, 

shopping on the Internet has some disadvantages and 

limited user experiences. Shopping for furniture products 

is especially difficult. Furniture products are generally 

large and heavy. As a result, users cannot view and 

change the materials and dimensions of real furniture 

products, within the contexts of real environments. 

Previous augmented reality furniture display systems 

do not give users the abilities to view virtual reality 

furniture models with accurate positions, orientations, 

and dimensions, and without occlusions.  

This paper presents an augmented reality furniture 

customization system. Kinect is used to track the human 

body motions. Occlusions for real and virtual objects in 

different depths are considered to increase the realism of 

the system. A calibration algorithm is developed to 

match the depth information, IR image information, and 

RGB image information of the Kinect, to improve the 

image quality in the augmented reality environment. 

Furniture customization functions are provided to create 

improved user experiences. The system gives users the 

abilities to view and change the dimensions and materials 

of three-dimensional virtual furniture models, within the 

contexts of real environments, and with occlusions. 

User-test results show that users consider the augmented 

reality furniture customization system more realistic and 

natural to use than previous furniture display systems. 

Keywords Augmented reality, occlusion, furniture 

display. 

 

1. INTRODUCTION 

 

Augmented Reality technology combines virtual object 

with real scene captured from camera using computer 

graphic rendering and calculation of camera position 

technology. Related applications of augmented reality 

are various. For example, Carozza et al. (2014) [4] use 

augmented reality technology in city design. He provides 

visualization of city view to help the design of city. In 

order to improve reality of augmented reality, virtual and 

real objects must be placed in right place and have right 

front-back relationship. However, virtual objects are 

always drawn in the top layer of image and confuse the 

users. Occlusion problem may confuse user’s feeling 

and cause decision failure. Thus, solving occlusion 

problem becomes an important research. For example, 

Hayashi et al. (2005) [12] store transformation matrix 

and combine stereo vision system to find the depth 

information of moving object. Fortin and Hebert (2006) 

[10] fixed experiment scene and camera to find depth 

information of object then solve occlusion problem. 

Interaction in augmented reality is a communication 

between user and virtual object. An intractable system 

can provide information and help to user. Seo (2013) [24] 

track position of hand, interacting with virtual object 

when user clicks a plain board. Radkowski (2012) [23] 

uses Kinect device to track user’s body to control a 

virtual cursor. User uses this virtual cursor to have a 

training of assembly / disassembly. 

Occlusion handling can improve reality of augmented 

reality. Interaction can provide helpful information to the 

user. They are both needed, so, this study combines both 

occlusion handling and interaction. Our method lets user 

interact with virtual object directly through Natural User 

Interface.  

This study uses Kinect v2.0, developed by Microsoft Co., 

to get the depth information of real world. We calibrate 

Kinect with two-step method, making depth image and 

RGB image aligned. Our method uses Z-buffer to solve 

occlusion problem, we overwrite Z-buffer with 

calibrated depth image. Comparing depth value when 
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virtual object being drawing. If virtual object is nearer 

than real object, draw it, otherwise do nothing. 

This study aims to make interaction in augmented reality 

system intuitive and directive. It means user can interact 

with virtual object directly through its body. In order to 

achieve this goal, this study proposes a 3-D virtual 

object drawing process with a tracking technique based 

on Kinect. Our method transforms user skeleton 

coordinate to model coordinate. When user and virtual 

object are all in the same coordinate then we can interact 

with each other. 

This study makes an augmented reality system for 

furniture display to verify our methods and applies a user 

testing to consider user’s real feeling. 

 

2. METHOD 

 

2.1. Calibration for Kinect 

 

Although Kinect is great in providing depth image, there 

are some deviations between depth image and color 

image (Fig. 1). Because of the different angles and 

locations of infrared camera and color camera, we 

should calibrate Kinect before using these images. The 

calibration includes calibrating infrared camera and color 

camera, and translation between depth image and 

infrared image. The process of an object display on 

monitors in Fig. 2. An object at world coordinate is 

projected to camera coordinates by external camera 

parameters, and then projected to pixel coordinates 

finally by internal parameter. 

 

 
 

Fig. 1. Deviation in superposition for RGB and depth 

image. 

 

 
Fig. 2. Coordinates system (Collins, 2007 Computer  

Vision Course) [5]. 

 

Stereo calibration. Kinect camera calibration (stereo 

calibration) refers to the external camera parameters 

between the color camera and infrared camera, and that 

is to find the relationship of rotation and translation 

between two cameras. This paper uses internal camera 

parameter of the color camera and infrared camera and 

image pairs shot simultaneously to perform stereo 

calibration by calibration board. The calculation of 

method is done in Camera Calibration Toolbox for 

Matlab (Bouguet, 2013). 

 

 
 

Fig. 3. Flow chart for stereo calibration 

 

Translation correction between infrared image and 

depth image. The correction work in this paper is 

performed with the home-made star calibration board 

and an ellipse fitting system, and the process is shown as 

following (Fig.4). With the depth images and infrared 

images shot simultaneously, the system detects ellipse 

edges and find out corresponding points to calculate 

least square solution of the translation deviation 



(Fig.5) .Fig.6 shows the difference of the result between 

calibrated and uncalibrated image. The method 

performance measure up our expectation and works 

effectively. 

 

 
 

Fig. 4. Flow chart for translation correction 

 

 

 

 
 

Fig. 5. Ellipse corresponding points. 

 

 

 

 

 

 

 

 
 

Fig. 6. Result before and after calibration 

 

2.2 Augmented Reality and Occlusions 

 

Augmented reality. AR is an interactive environment 

combined with real environment and virtual objects. The 

key to construct the AR environment is the relationship 

between the camera coordinate and the world coordinate. 

This paper use NyARtoolkit api. as development toolkit 

which is an open source based on marker tracking. The 

process of the augmented reality development is shown 

in Fig.7. This paper sets the size of virtual object to 

160mm and remove half of length for easier observation. 

As Fig.8 shows, the length of the black marker is 160mm. 

The fact shows the setting of virtual object is right.   

 

 
 

Fig. 7. Flow chart for AR development 

 

 

 



 

 
 

Fig. 8. Verification the size of virtual object and marker 

 

Occlusions. Z-buffer is used in our method to solve 

occlusion problem. As Fig.9 left shows, we can see that 

Z-buffer is a memory which store the nearest depth 

information pixel by pixel. We use calibrated depth 

image to overwrite Z-buffer, so that Z-buffer represents 

real world’s depth information. When virtual objects are 

going to be drawn, we compare Z-buffer by depth 

information. Common Z-buffer resolution has 8bit, 16bit, 

24bit, 32bit four kinds which mean that how many bits 

are used to memory a pixel. The higher the resolution, 

the better the accuracy is. In this thesis, we use 32bit Z-

buffer and DirectX 9.0c to solve this occlusion problem, 

and the result is effective (Fig.9. right). 

(a) 

(b) 

Fig. 9. Z-buffer schematic diagram (a) and application 

diagram (b). 

2.3 Interaction with Augmented Reality  

 

This study provides a set of processes (Fig.10), so that 

coordinate user and virtual objects in a unified world. 

Through the cube trigger to fire the event and Kinect’s 

body tracking, reaching users directly interact with the 

virtual objects. To increase the stability in user 

controlling virtual objects, we add a bigger cube which is 

apart from the cube trigger 200mm as a dividing scanner. 

When user’s hands touch in the cube trigger, an 

interaction event happens. After user’s hands leave out 

the dividing cube, the event ends. As Fig.10 shows, this 

paper provide four kinds of basic interaction that are 

resize, translation, rotation and animation. These four 

interaction would be triggered by both hands. With 

Kinect’s body tracking, we can get the positions and 

parameter of both hands to perform virtual objects 

control. As Fig.11 shows, the virtual object is created on 

the marker board first, and then when user’s hands 

approach nearly enough, the transparent red area shows 

up to remind user in the interaction. 

 

 
 

Fig. 10. Interaction process. 

 

 
 

Fig. 11. User interacts with virtual objects. 



3. EXPERIMENTS 

Experiments were performed on the augmented reality 

furniture display system constructed with the furniture 

models open source TF3DM (http://tf3dm.com/3d-

models/furniture) for the interaction realistic. There are 

two user experiments in this paper with 12 men and 11 

women, and the experimental environment is shown in 

Fig.12. Users stand beside the marker and face to the 

table. The screen shows up the augmented reality with 

furniture system and the interaction between users and 

virtual objects at the same time. 

 

 
Fig. 12. User experimental environment 

Experiment design and results. The first experiment 

was on the estimate the difference between the 

augmented reality furniture system and IKEA virtual 

reality system (Fig.13.). At first, we would explain both 

systems to users, and let them put some certain furniture 

where they were would like to. And then, users would 

fill out the questionnaire. The questionnaire result t-test 

is shown in table.1 

 

Table 1. Difference between the visual reality and the 

augmented reality system. 

 
The second experiment was on the augmented reality for 

the influence of occlusion. At first, we would explain 

occlusion to the users, and let them experience the 

arrangement of the furniture in the first experiment. And 

then, users would follow the instruction and go to the 

certain position with the unocclusion system and the 

occlusion system. After these process, users also filled 

out the questionnaire. The t-test of result is shown in 

table.2. 

 

Table 2. The difference user experience in 

unocclusion/occlusion 

 
 

This paper apply the camera calibration to solve the 

occlusion in augmented reality. The result shows this 

method is effective and fluent. Furthermore, the 

occlusion of this method looks more realistic than 

stratification method and interpolation-depth method. In 

the interaction of augmented reality, this paper provides 

the trigger function and a coordinate of users and virtual 

objects to reach interactions directly. Compare to the 

virtual reality, the augmented reality in the test is more 

intuitive and realistic to estimate the size of furniture. 

 

4. CONCLUSIONS 

 

With the development of computer hardware and 

software, augmented reality applications also sprung up, 

along with Microsoft and Google have been published 

on its own augmented reality glasses, we can expect the 

development of augmented reality will be more vigorous. 

The following points summarize the present research and 

the test results 

1. The translation correctness of depth image and 

infrared image. 

2. Apply camera calibration solution in augmented reality 

occlusion problem. 

3. Propose direct interaction method and process in 

augmented reality system. 

4. Establish a furniture display system within occlusion 

and augmented reality. 

5. Verify augmented reality applications, occlusion 

process is required. 

Based on the above conclusions can be deduced that the 

development of augmented reality system is able to 

handle user interaction with the occlusion problem 

fluently. It can be expected to see that the development 

of augmented reality should be based on the extension of 

both occlusion and the interaction between users and 

machine. The users can immerse in the situation with 

augmented reality, and that's what virtual reality can't 

achieve. By the test of the users, we can come to the 

conclusion that augmented reality has great potential, 

and can be used in many different situations beside 

furniture gallery. 
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