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 Eye fatigue caused by 3D contents having unnatural scene depth level 

assigned by conventional 2D to 3D conversion system has been issued as 

one of the worst side effect of 3D contents. For generation of more 

realistic 3D contents to overcome eye fatigue and other side effects, it is 

need to study depth control method which has not been studied enough. In 

this paper, new feature extraction method for image scene depth level 

classification are introduced. Based on natural phenomenon, we found a 

direct relation between natural image statistics, and depth pattern, and 

proposed new texture related features for scene depth level classification. 
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And, to overcome the effect of illumination color on color related feature, 

we suggested color feature extraction method with illumination color 

estimation based on conditional color temperature adjustment. Proposed 

features represent scene depth level efficiently. Finally, proposed features 

and existed features for indoor-outdoor classification are concatenated to 

generate the feature vectors and fed into the SVM classifier for the scene 

depth level classification. To justify the efficiency and robustness of the 

proposed method, the evaluation is conducted over 600 images.

Keyword : scene depth level, depth estimation, 2D to 3D conversion, image 

classification, illumination color, color temperature

Student Number : 2011-20777
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Chapter 1 

Introduction

 Three-dimensional television (3D-TV) has been expected to be the next 

step in the advancement of television. The term "3D"or "stereoscopic," 

meaning a two-view system is used for visualization of depth. Stereoscopic 

images that are displayed on 3D displays can expand users’ experiences 

beyond traditional 2D-TV broadcasting by offering programs with depth 

impression of the observed scenes. However, present producing 3D contents 

cannot satisfy needs of 3D contents [1]. 

 To generate 3D contents, there are three methods, using multi-view video 

camera, single view video camera with depth camera, and 2D to 3D 

conversion. Since multi-view video camera and depth camera are relatively 

expensive, 2D to 3D conversion has been focused [2].

 Figure 1-2 shows 2D to 3D conversion steps. As it shows 2D to 3D 

conversion algorithms analyse input 2D video and extracting depth cues and 

generate relatively depth maps. Next, they control depth level using user's 

parameters or image classification results. Finally, they generate 

stereoscopic images [3].
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 Most of studies has focused on second step in figure 1-2; however, to 

generate more realistic 3D contents, and to reduce eye fatigue, considered 

as one of the biggest side effect of 3D TV, it is needed to study to control 

depth level, fourth step in figure 1-2.

 In this study, we  introduced new feature extraction method to classify 

scene depth level. We classified two scene depth images, small and big 

scene depth image, to show our features can represent scene depth level 

tendency. Support vector machine (SVM) is employed for scene depth level 

classification.

 The rest of the paper is organized as follows. In chapter 2, the concept of 

depth control via image classification system is introduced, and explain why 

we need scene depth level classification for depth control. Proposed texture 

related features based on natural statistic pattern are introduced in chapter 

3. Illumination color estimation based on conditional color temperature 

adjustment to extract color related features independent to illumination color 

is proposed in chapter 4. Contents of chapter 5 are experimental 

environment and results. Finally, briefed conclusion is suggested in chapter 

6. 
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Figure 1-1 : Diagram of a typical 3D TV system
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Figure 1-2 : 2D to 3D conversion steps
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Chapter 2

Image scene depth classification

 The concept of depth control via image classification was introduced by S. 

Battriato [4]. In his paper, indoor-outdoor classification results are 

employed for depth control, for example, if an image is classified as 

outdoor, the algorithm assigns an image big scene depth level. 

 This kind of approach is fairly reasonable, because indoor images tend to 

have small scene depth level, and outdoor images tend to have big scene 

depth level; however, there is a big flaw in this idea. Even if there were an 

indoor image, it could have a big scene depth, and the opposite case could 

happen too. Figure 3 shows examples of these cases.

 For generation of more realistic 2D to 3D conversion and reducing eye 

fatigue, we proposed the depth control method using image scene depth 

level classification results.
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(a) 

(b)

Figure 2 (a) Example of an indoor image has a big scene depth (2) Example 

of an outdoor image has a small scene depth



7

Chapter 3

Texture related features 

3.1 Texture related features in indoor-outdoor classification

 Szummer and Picard [5] divided an image into the same-sized blocks and 

used the color and texture information of each block for the indoor–outdoor 

classification task. They use the multi-resolution simultaneous 

autoregressive model (MSAR) to express texture information. A. Payne [6] 

replaced MSAR with wavelet filters to reduce the dimensions of texture 

information. Recently, W. Kim [7] adapted Edge Orientation Histogram 

(EOH) features to classified indoor-outdoor images. In [7], he generated 

8-bin histogram of gradient orientation using weighting factor magnitude, 

and normalized it. Then, they used the SVM classifiers to train texture 

information [8]. 

 Unfortunately, all of features mentioned in above approaches are not 

appropriate for scene depth level classification. Because texture features in 

indoor-outdoor classification are more like to represent the shape of images 

than depth level. Figure 3-1 depicts EOH changes according to scene depth 

level. Regardless of scene depth level, EOH just illustrates the shape of an 
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area or an image, not scene depth level. To overcome the limitation of 

texture related features from indoor-outdoor classification we need to other 

features for image scene depth level classification. 
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(a) Pavement

              

(b) Pebble 

(c) Grass
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(d) EOH of pavement with four different scene depth levels

(e) EOH of pebble with four different scene depth levels
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(f) EOH of grass with four different scene depth levels

Figure 3-1 (a),(b),(c) pavement, pebble, and grass images

(d),(e),(f) EOH changes according to 4 different scene depth 

levels, each EOH was calculated from vertically divided into 4 

areas in (a),(b),(c), respectively. 

Direction 1 in EOH represent rate of vertical edges in block, 

and direction 5 in EOH rate of represent horizontal edges in 

block.
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3.2 New texture related features for scene depth 

classification

 There exists a direct relation between natural image statistics, and depth 

pattern. When scene depth is small, few but distinct surfaces are observed; 

but when scene depth is big, many but blurred surfaces are observed. So, if 

there are spatially similar patterned textures filled in scene, the density of 

surfaces increases with scene depth level. And the strength of edge 

decreases with scene depth level (figure 3-2).  

 As the matter of that fact, we proposed new texture related features for 

classification of scene depth level. The number of edge pixels is used as a 

measure of the density of surface, and the magnitude sum of derivative of 

gaussian filtered image is used as a measure of the strength of texture.  

Figure 3-3 shows relationship between proposed two features and scene 

depth level. Proposed texture feature vectors are extracted from 16 divided 

blocks and whole of image (figure 3-4), so the dimension of proposed 

texture related feature vectors is 34.
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(a)           (b)           (c)

          

(d)       (e)       (f)

  

(g)                        (h)                        (i)

Figure 3-2 (a),(d),(g) divided images of pavement, pebble, and grass, 

(b),(e),(h) gradient of divided images of pavement, pebble, and grass, 

(c),(f),(i) local maximum of divided images of pavement, pebble, and grass
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Figure 3-3 The number of local maximum of gradient per sum of gradient 

increases with scene depth
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Figure 3-4 Image partition procedure for feature vector 

extraction
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Chapter 4

Color related features 

4.1 Illumination color and color features

 Color provides strong information for characterizing landscape senses 

which tend to have a big scene depth level. Thus, color features could be 

one of important information for image classification.

 Different color spaces have been tested for scene classification. Ohta color 

space [5] was used to construct the required histograms for extracting 

color information. LST color space used by A. Payne [6]. W. Kim proposed 

Color Oriented Histograms (COH) obtained from images [7]. Saturation mean 

and variance, so called atmospheric scattering features (ASF), are used by 

V. Nedovic [9]. 

 However, one thing that has not gained much attention is the illumination 

color where the image was captured in. This is an important aspect since 

classification results with color features could be strongly affected by 

illumination color.

 To overcome such limitations when color information is considered for 
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image classification, a new color feature extraction method with illumination 

color estimation based on Color Temperature (CT) adjustment is proposed in 

this paper.
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4.2 Color temperature and illumination color

 The color of a light source is defined by its spectral composition. The 

spectral composition of a light source may be described by the CT. A 

spectrum with a low CT has a maximum in the radiant power distribution at 

long wavelengths, which gives the material a reddish appearance, e.g. 

sunlight during sunset. A light source with a high CT has a maximum in the 

radiant power distribution at short wavelengths and gives the material a 

bluish appearance, e.g., special fluorescent lamps. Table 4 is categorizing 

different lighting according to CT.

 To calculate the CT of an image, RGB color image is transformed into Luv 

color space [10]. Figure 4 shows the Luv chromaticity plane with the 

plankian locus showing various Color temperatures, the perpendicular lines 

on the locus are iso-temperature lines. By utilizing iso-temperature line, CT 

can be found by interpolation from look-up tables and charts. The most 

famous such method is Robertson's [10]. 

 We assume color temperature of illumination color in scene is same as 

estimated color temperature of image.
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Table 4 Categorizing different lighting

Figure 4 Luv chromaticity plane with the plankian locus.
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4.3 New color related features extraction method

  According to International Commission on Illumination (CIE), D65 which is 

commonly used as standard illuminant is intended to represent average 

daylight and has a color temperature of approximately 6500K. And all 

objects reflect their own color under light of daylight, D65. So, if we adjust 

image color temperature to 6500K, we can generate images taken under 

D65 illumination color. It means we can extract color features independent 

to illumination color. To change the CT of an image, we adapted S. 

Tominaga’s work [11].

 But there is a problem. Since natural outdoor’s illumination color is under 

7000K, Estimated CT over 7000K breaks our assumption. Thus, we 

proposed a new color feature extraction method with illumination color 

estimation based on conditional CT adjustment (CCTA). Even if there might 

be a chance that actual CT of illumination color in scene is higher than 

estimated CT, those are rare cases we can ignore for robustness.

 To comparison of performance, we extracted COH [7], and ASF [9] to 

classified different scene depth level images with and without CCTA. 
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Chapter 5

Experiment results 

 To validate the efficiency of the proposed features on scene depth 

classification, various images are tested. We sorted images into two groups, 

a small scene depth level image group, and a big scene depth level image 

group. An scene depth of an image smaller than 25m belongs to a small 

scene depth level group, and an scene depth of an image bigger than 25m 

belongs to a big scene depth level group. If there is an ambiguous to 

measure scene depth, an indoor scene image goes to a small scene depth 

level group, and an outdoor scene image goes to a big scene depth level 

group. 

 301 Small group images and 303 big group images, Total 604 images are 

collected from HD movies. Each group is divided into two group for two 

fold cross validation [12]. In first group, there are 148 big scene depth 

level and 150 scene depth level images, and there are 155 big scene depth 

level and 151 small depth level images in the other group. 

 For comparison of performance, proposed 2 dimensional texture related 

features, 8 dimensional EOH texture related features [7], and 10 
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dimensional color related features [7,9] are extracted for classification.

 Table 5-1, 5-2, and 5-3 shows results of classification. Although 

dimension of proposed texture related feature vector is smaller than EOH, 

its classification performance is as similar as EOH’s. Proposed color related 

feature with illumination color estimation performs better than color related 

feature without illumination color estimation. Unfortunately, the kernel of 

surport vector of proposed features and other features (EOH, COH+ASF) 

are different, we cannot compare classification performance of combination 

of EOH and color related features, and combination of proposed texture 

related features and color related features. Finally, the combination of 

proposed texture and color related features outperforms above all. By 

adding proposed texture related features and change color related feature 

extraction method, classification rate increase from 63% to over 80%.
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Table 5-1 Classification result (texture and color are separated)

EOH is Edge Orientation Histogram. CnA stands for COH and ASF. 
CCTA is Conditional Color Temperature Adjustment.

EOH : Edge Orientation Histogram
PT : Proposed Texture related features
CnA : COH + ASF
CCTA : Conditional Color Temperature Adjustment
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Table 5-2 Classification result (texture and color are combined.)

Table 5-3 Classification result (comparison of scene depth level 

classification results using existed features and proposed 

features)
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Chapter 6

Conclusion

 In this paper, we proposed new feature extraction method for scene depth 

level classification. Based on natural phenomenon, we found a direct relation 

between natural image statistics, and depth pattern, and proposed new 

texture related feature for scene depth level classification. Also, to 

overcome the effect of illumination color on color related feature, we 

suggested color feature extraction method with illumination color estimation 

based on conditional color temperature adjustment. 

 The feature vector is fed into the SVM classifier for the scene depth level 

of image decision. To validate the performance of our proposed method, 

various images have been tested. As scene depth level classification 

experiment results, proposed features outperform than existed feature for 

indoor-outdoor classification. 

 The proposed method can be used for depth control for generating more 

realistic 3D contents and reducing eye fatigue caused by unnatural 3D 

contents. Also, our method is very useful for the real-time application due 

to its simple structure.
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요약(국문초록)

 기존의 2D TV의 한계를 뛰어넘는 경험을 유저에게 체험해 줄 수 있는 3D 콘텐츠

는 잘못된 2차원영상의 3차원 영상으로의 전환 된 화면으로부터 야기 된 눈의 피

로 등 여러 문제를 야기 시킬 수 있다. 이러한 문제점을 극복하기 위한 자연스러운 

3D 콘텐츠 제작을 위해 이미지 깊이 정보를 부여하기위한 정보가 필요한 시점이다. 

이 논문에서 본 연구진은 이미지 깊이 정보 분류를 위한 새로운 특징 추출 방법을 

제시하였다. 자연 현상 관찰을 기반으로, 본 연구진은 자연 이미지 분포와 깊이 정

보간의 직접적인 관계를 발견하여 새로운 텍스처 특징을 제안하였다. 그리고 조명 

색에 직접적인 영향을 받는 색 관련 특징의 한계를 극복하고자, 색 온도 조정 기반

의 조명 색 예측을 통한 색 관련 특징 벡터 추출 방법을 제안 하였다. 제안 된 특

징들은 깊이 정보의 경향성을 잘 표현하였다. 끝으로, 본 연구진이 제안한 특징과 

기존의 실내외 영상 분류의 특징을 결합하여 서포트 벡터 머신을 통한 깊이 정보 

분류를 실험 하였다. 본 연구진의 제안한 특징 추출 방법의 우수성을 검증 하고자 

600장이 넘는 이미지에 대하여 분류를 하였다. 제안 된 특징 추출 방법은 기존의 

특징보다 깊이 정보를 표현하는데 있어서 뛰어난 성능을 보였다.

주요어 : 이미지 깊이 정보, 깊어 정보 예측, 2차원 이미지의 3차원 전환, 이미지 

분류, 조명 색, 색온도

학  번 : 2011-20777
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