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Abstract 

 

We studied the problem of 3D reconstruction from a single image. The 3D reconstruction is 

one of the basic problems in Computer Vision. The 3D reconstruction is usually achieved by 

using two or multiple images of a scene. However recent researches in Computer Vision field 

have enabled us to recover the 3D information even from only one single image. The 

methods used in such reconstructions are based on depth information, projection geometry, 

image content, human psychology and so on. Each method has certain advantages and can be 

used to recover the 3D information from certain types of images according to their contents. 

There is not a standard evaluation method which can compare such these methods.  

 

In the thesis five methods of 3D reconstruction of single images are chosen. We review the 

methods theoretically and compare their 3D results. The five methods are Make3D, 

Automatic photo pop-up, Auto3D, Metric Rectification and Psychological Stereo which are 

representative from different types of methods of 3D reconstruction from a single image. 

Two different evaluation methods were implemented in the thesis. One is based on human 

inquires and how they experience the 3D reconstruction result of each method and the other 

one is based on a novel objective method where a controlled scene in form of its complexity 

was used. The performance of the methods in 3D information reconstruction is reported. Our 

novel evaluation method shows the benefit of objectivity and reliability of method which can 

be implemented easy in such difficult comparison situations.    

 

 

Keywords: 3D reconstruction, single image, depth, superpixel, stereo images, psychological 

stereoscopy, vanishing point, vanishing line.  
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1. Introduction 

Computer Vision is definitely a new concept to many people. It is the science and technology 

of machines that see, identify and measure objects in an image using computers and scene 

capturing device like as a camera. As a scientific discipline, computer vision is concerned to 

deal with the theory of building artificial systems that obtain information from images. A 

scene can be captured by different capturing device like as a camera and in different ways 

such as a video sequence, multiple views by multiple cameras and so on. The other capturing 

devices can be like as laser scanning or X-ray. Our perception of the scene and environment 

in an image is normally based on our experience and pre-information. However computers do 

not have such ability. Computers are like newborn babies. They can only see the images or 

their pixels. When we use more intelligent algorithms they can even find lines and planes. 

But they cannot combine all these contents together and form a structure.  

 

 

Figure1(a): the parallel lines of the rail track intersect at one point. 

Imagine we have captured a rail track scene as it is shown in the figure 1(a). The image has 

changed a lot of relations which existed in the reality. For example the parallel lines of the 

track are intersecting at one point which is impossible in the reality. However as human we 

have no difficulty to realize the parallel tracks from the image. What the computer vision 

does is to find the clues which can help to learn and understand the image. These clues can 

help computer to recover the objects in a realistic way. The clues mean different features 

which can be special points, lines or even a plane, such as the vanishing point, vanishing line 

or horizontal plane. 

One of the most challenging subjects in computer vision is to how computers can perceive 

3D objects from 2D images. Here the computers like as human being should find in an 

intelligent way the 3D clues in the images. This process to recovery the 3D information of an 
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object from 2D images is called as 3D reconstruction. During recent years many algorithms 

in computer vision has been developed for this purpose. However they use different 

assumptions to solve the problem. Mainly we can divide these algorithms to different fields 

depending on the material they have access to like as having a video sequence off a scene, 

multiple images of a scene or only a single image of the scene. In this thesis we are mainly 

concerned on the 3D-reconstruction from a single image. The reconstruction principle of a 

3D structure is usually based on triangulation which is an approach to data analysis that 

synthesizes data from multiple sources. Using this method and having binocular or multiple 

images we are able to reconstruct a 3D object. However this method cannot be implemented 

when we have only one image of the scene.  

 

 

Figure 1(b) ：The 3D results are reconstructed from the same single image with different methods. 

 

The purpose of the 3D reconstruction from a single image is what humans can do to perceive 

3d information. As the Projective Geometry and Computer Vision developed, different 

methods enable people to get the 3D information and build the 3D structure with single 2D 

image as well. Some earlier works which are based on shape from shading and texture and 

Projective Geometry have proved that the 3D structure can be reconstructed by only a single 

image. Shading and texture are important clues for Computer vision. The surface of the 

object will reflect the light in different ways because the orientation of each pixel is different 

and the intensity of the color and light of each pixel is also various. Based on these, the 

relationship between each two points can be figured out by geometry. Once the orientations 

of all the pixels are computed, the curve plane where those pixels are can be drawn. In 

figure2, the two points are on a cylinder which should be at the same curve. The intensity of 

the light of the two points appears different, it can be seen that the left one is darker than the 

right one.  
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Figure2: two points on the cylinder have their own orientations. 

 

Projective geometry describes objects as what they appear in an image. As I talked above the 

lengths and the angles planes are distorted in the image. But there are still some mathematic 

models which can be tracked. For example, a line still can be determined by two points. 

What the Projective Geometry does is that it built a connection between the image and real 

world. The relation is described by a matrix called homogeneous matrix. The points in an 

image are corresponding to the real ones by this matrix one by one. Homogeneous matrix can 

be decomposed into affine matrix, rotation matrix and projective matrix which will be talked 

about in details in section 3.5. 

Now many new methods have been presented.  In this paper, some of these methods are 

implemented to obtain 3D reconstruction from a single view and these methods can be 

classified with respect to their major directions such as depth reconstruction-, projection 

geometrical-, image content-, psychology- based methods. In other words, these methods are 

based on different clues. The methods based on depth analyzed the distance between each 

pixel and the camera, and the methods based on the image content try to find out the similar 

area and combine the pixels which are belong to the same object. However simple 

observation cannot show the effectiveness of the methods to solve the problem. For example, 

some methods are more effective for urban images, but bad for the natural scenes. As far as 

we are aware of there is no subjective comparison of such methods and this shows that there 

is no standard of comparison method for this purpose. Here we try to show subjectively it can 

be possible to obtain a comparison of so such vase types of methods in solving the same 

problem.  
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To do the evaluation and comparison for the different method there are five recent and 

representative algorithms chosen. They are  

1. „3D Depth Reconstruction from a Single Still Image‟ [10, 14] („Make3D‟ for short). 

2. „Fast Automatic Single-View 3-d Reconstruction of Urban Scenes‟ [1] („Auto3D‟ for 

short); 

3. „Automatic photo pop-up‟ [2] („Popup‟ for short).  

4. „Metric Rectification with lines and conics‟ [3] [21] („Rectification‟ for short). 

5. „Stereo image displaying based on both physiological and psychological stereoscopy 

from single image‟ [4] („Psychology‟ for short).  

These five methods represented several types of methods for 3D reconstruction. Make3D 

represented the method which depth in different ways is estimated ; the method Popup is 

partly based on image content; Auto3D and Metric Rectification are based on Projective 

Geometry a lot and the Psychological method is obviously based on the human‟s psychology 

and both eyes and brain functioning. At first, the theory, model or procedure of each of these 

methods are described briefly and then we show two different methods to evaluate and 

compare in terms of mathematical modeling, processing procedure and the 3D results. One of 

the evaluation methods is based on human inquires and how they experience the 3D 

reconstruction result of each method. Due to that the humans feeling and experience varies 

for different persons different opinions were registered even for the same 3D result. The 

result of inquiry was analyzed statistically. 

In the other method, we tried to compare the methods objectively. Several pictures from 

man-made scenes were captured where the scene were built by ourselves. The pictures were 

used and 3D models were obtained implementing the chosen methods. In these simple scenes, 

the details are known, such as the number of planes and the distance between each plane to 

the camera. So it is easy to find out the relation between the 3D result and the real 3D scene. 

This paper is organized as follow: Section 2 shows the background of the chosen 3D 

reconstruction methods. Section 3 introduces briefly the five methods and all the 

implemented materials. The 3d results and statistic result are presented in Section 4. The 

discussion of the results is in Section 5 and finally the conclusion and the future work are in 

Section 6. 
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2. Background  

2.1 Earlier methods and works 

From the eighties of the last century more and more algorithms showed up for 3D 

reconstruction from a single still image. More and more clues are found which are used for 

3D reconstruction. Though here only five algorithms are chosen to be compared, there are 

still many other impressive methods. Criminisi Reid and Zisserman [5] first defined the 

vanishing line and vanishing point. The vanishing line is determined by the two vanishing 

points which are the intersections of the lines in the image that are parallel lines in reality 

(this is discussed later in details). With these they calculated the angles between parallel lines, 

relationships between planes and then inferred the 3d structure. The clues such as shading 

and texture are used for the algorithms such as shape from shading [6] and shape from 

texture [7] normally which can get good results from uniform color or texture, but get poor 

results when processing the image with complex color or texture. Peter Kovesi [23] 

reconstructed the shape of the object from its surface normal so called shapelets, which is 

very simple to implement and robust to noise. Using mathematic model is introduced in the 

3D reconstruction methods. Delage, Lee, and Ng [8] built the 3D model of indoor scenes 

which only contains the vertical walls and ground from single image based on the model 

using the dynamic Bayesian network. The model needed the prior knowledge of the 

environment. Torralba and Oliva [9] worked on Fourier Spectrum of the image and with it 

they compute the mean depth of the image. The mean depth is very useful for the scene 

recognition. Felzenszwalb and Huttenlocher [15] developed a method for the image 

segmentation based on the content of the image. It was the first time where the superpixel 

was defined which nowadays becomes a foundation for the many algorithms to reconstruct 

the 3d structure.  

Here the five chosen methods which will be studied and compared are basically developed 

from the earlier methods mentioned above. These earlier methods do have their shortcomings 

and are not popular now. But they are classic. Nowadays the recent methods are still based 

on them. For instance, to rectify an image we need to find the vanishing line and vanishing 

point at the first place. The major direction is these methods can be considered as projective 

geometry. The chosen methods can be considered as the later versions of such 3D 

Reconstruction methods. The five chosen methods are based on different theories and models, 

which means they have their own backgrounds. 
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2.2 Make3D 

In this method, both the 3D location and the orientation of the small planar regions in the 

image are inferred using a Markov Random Field (MRF). In the method “the relation 

between the image features and the location/orientation of the planes is based on a learning. 

Also the relationships between various parts of the image are found using supervised learning 

(supervised learning is a machine learning technique to predict the value of a function which 

is obtained from training data. The training data consists of pairs of input objects and desired 

outputs.)” [10]. The basic clue here is called „superpixel‟ which in its turn is related to the 

location/orientation of the planes. The desired outputs in the training data are obtained by the 

3D laser scanner. A data base which consists of various types of scenes is created first, and 

then the depth maps of these scenes can be detected by this equipment. Depending on the 

likelihood of superpixels map and scanner‟s depth map, it is easy to build the 3d structure 

from a 2D image. The step on the calculation of superpixels‟ likelihood is call MAP 

inference. 

 

2.3 Automatic photo pop-up 

In the method a virtual 3D structure from a single still image is created completely 

automatically. It looks like as the image is laid on the ground and then the areas that should 

be perpendicular to the ground are „popped up‟ as vertical planes. One of the goals is to 

achieve a fast 3D reconstruction. 

The method assumes that input images are from outdoors scenes including both natural and 

man-made (buildings) and also assumes that one scene consist of a single ground plane, and 

piece-wise planar objects sticking out of the ground at right angles, and there is also sky in 

the scene. Under these assumptions, it builds a coarse, scaled 3D model from a single image 

by classifying each pixel into three labels which are ground, vertical or sky and estimating 

the horizon position. Color, texture, image location, and geometric features are all useful 

cues for determining these labels. [2] 

 

2.4 Auto and Fast 3D reconstruction for urban scenes 

The goal of this method is to achieve a nice and pleasant 3D reconstruction from a single 

image fast and automatically. The method limited the scope of the scenes to urban scene, 

which is mainly consisting of buildings. 

First it assumes that the scene consists of a ground which is on the horizontal plane and the 

vertical walls where the boundary between the ground and walls is a continuous polyline. 

Each wall of the 3D structure means the building wall in the scene. Structural regularities of 

man-made environments allow tilt-correction of an image. Another goal of this work is to 
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improving the efficiency of 3-d reconstruction algorithm, which becomes more and more 

significant when the resolution of images processed is high. It suggested stepwise search of 

ground-vertical boundary parameters with probabilistic framework. And the problem for 

model matching is divided into two smaller sub-problems on chain graphs. This method 

“constructed Conditional Random Field (CRF) models incorporating various types of 

information (appearance, geometric properties and context) for both problems.” [1] 

 

2.5 Psychological and Physiological stereoscopy 

Usually, humans feel the 3d subjects with two eyes; it is easy to get the information of 

everything. But with only one eye, it will be hard and even impossible to perceive the depth 

and other 3D information of the image. So in this method they try to create a new image from 

the original one. With the two images, people can easily build the 3d structure based on the 

human‟s psychology and physiological function.  

As everyone knows, the stereo image is created in the brain by two eyes; it is inseparable 

from the stereoscopy. There are two kinds of human‟s stereoscopy. One is psychological 

stereoscopy, which is based on the visual memory and experience. It means that, when 

people see an image they could understand the content of this image with the clues or hints 

exited in the image and it is not hard for persons to know the relationship between the 

different objects. These clues or hints are some kind of experience and memory in human‟s 

brain, which are collected by people in a long period of time. So human beings can perceive 

the depth and position of objects in one image with their own memory and experience. The 

other one is physiological stereoscopy. This is based on the human‟s eyes‟ physical function 

and structure. Binocular disparity is the most important element of physiological stereoscopy. 

It has been proved that after excluding all the psychological elements, it is possible that a set 

of visual stimulations can create the depth feeling with two eyes under the binocular disparity 

condition. [20] Because the binocular disparity has the strongest effect on the stereoscopy 

and can bring the strongest visual hint, it is the most important element which the stereo 

imaging considers. Usually both psychological stereoscopy and physiological stereoscopy 

give one person the same clue of one image and enhance the human‟s stereoscopy, so based 

on this coincident this algorithm is developed. 

The train of thought of this method is that trying to make every pixel of the image shift only 

on the horizontal direction, which is base on the help of psychological stereoscopy. This will 

introduce the random binocular disparities into one single still image and lead to some 

satisfied stereoscopic sense in HVS (Human Visual System). This kind of binocular parallax 

can also strengthen the psychological stereoscopy. 

 



 

14 
 

2.6 Metric rectification with lines and conics 

It is very necessary to get any useful information about the scene of an image when doing the 

3d reconstruction, such as the height of a building or the angle between two planes. If it is 

possible to get most of this kind of 3d information, it will be easy to build the 3D structure. 

So collecting any kind of 3d information is the goal of any 3D reconstruction method.. 

The fifth method is based on the projective geometry, with the help of the vanishing points 

and vanishing lines. It can find out the relationship between the image and the scene. This 

relationship can be described by a matrix called homogenous matrix. Assume the matrix of 

the image plane is x, and the corresponding world plane is x‟, so x‟=Hx, which means every 

point on the image is mapping to the point in the real world coordinate in this term of linear 

equation. Once the homogenous matrix H is computed, then the relation between two planes 

is decided and to reconstruct the 3D structure will be successful. 

 

 

 

3. Methods and Materials  

In this part, all the methods will be talked about in details. And after the overview of the 

methods, all the materials which are prepared for the evaluation for the five methods will be 

shown up. 

 

3.1 Make3D 

In section2.2, the background of the method has been introduced briefly. In this part, more 

details will be discussed. 

3.1.1 Model  

In the method first we find small homogeneous regions in the image, called “Superpixels,” 

and they are used as the basic unit of representation. Such regions can be reliably found using 

over-segmentation [15], where a coherent region in the image its pixels having similar 

properties [10]. The superpixels are computed by the algorithm described in [15]. The goal is 

to infer the location and orientation of each of such superpixels using a Markov Random 

Field (MRF).  
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Figure3: An illustration of the Markov Random Field (MRF) for inferring 3d structure (Only a subset of edges 

and scales shown). 

 

“To build the MRF model, the following properties of the images are considered: 

Image Features and depth, Connected structure, Co-planar structure and Co-linearity [10]. In 

the MRF these properties are combined with a “confidence” weight factor for each of the 

properties. The “confidence” weight factor is estimated from the local cues and varies for 

different regions in the image.   

The model which the method is based on is called Plane Parameter MRF. In this model, each 

superpixel is represented by one node and is assumed to lie on a plane. The location and 

orientation of the plane is parameterized like as using plane parameters . 

 
Figure4: the 2D illustration to explain the plane parameter α and rays R from the camera. 

 

The value aa /1  is the distance from camera center to the nearest point on this plane.  

And the orientation of this plane is given by the normal vector aaa /
 . Assuming the Ri is 

the unit vector from the camera center to the point i which lies on the plane with the 

parameters  then the distance from the camera center to point i is T

ii Rd /1 . 

To capture the relation between the plane parameters and the image features, and other 

properties such as co-planarity, connectedness and co-linearity, the method formulated the 

MRF as  
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jiiji
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Where, ai is the plane parameter of the superpixel i. For a total of Si points in the superpixel i, 

it is used xi,si to denote the features for point Si in the superpixel i.  iisii SsxX
i

,...,1:524
,   

are the features for the superpixel i. Similarly,   iisii SsRR
i

,...,1:524
,   is the set of rays for 

superpixel i. 

The first term  .f models the plane parameters as a function of the image features
isix ,   
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If the estimated depth is r
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si ii
xR   is the fractional error. 

The second term g(.) models the relation between the plane parameters of two superpixels i 

and j. 
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There are three relations for the term h(.) which are related to Connected structure, Co-planar 

structure and Co-linearity properties. 

3.1.2 Parameter Learning and MAP Inference:  

The Multi-Conditional Learning (MCL) (Multi-conditional learning) is used as, a family of 

parameter estimation objective functions based on a product of multiple conditional 

likelihoods [13] to approximate learning instead of the exact parameter learning of the model, 

where the probability is modeled as a product of multiple conditional likelihoods of 

individual densities. [10] 

MAP inference of the plane parameters is efficiently performed by solving a LP (Linear 

Program). [10] 

3.1.3 Features 

The distinct advantage of this method is that there are no any assumptions for any specific 

features. Each superpixel is described by a set of features that are used to capture some of the 

monocular cues which is used for inferring the 3d structure of the scene by people. Except of 

those monocular image features, they also compute features to predict meaningful boundaries 

in the images, such as occlusion. The algorithm is depended on a lot of different types of 

features, which helps this algorithm to be very robust and fit to many kinds of images. For 

each superpixel, the statistic features are computed based on the texture and the shape and 

location features of each very superpixel.  
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Table1: the features computed on superpixels. [24] 

 

The boundary information is another important cue for 3d model. If the features described by 

two adjacent superpixels are different, it is easy to be distinguished into two parts by humans. 

So there will be an edge between the two superpixels, this is a occlusion boundary or a fold. 

For this, several properties are considered which include textures, color, and edge in 

computing process the features. 

3.1.4 Summery 

The procedure in the method is: 

1. Computing Superpixels 

2. Computing Features of superpixels during multiple scaled segmentations  

3. Calculating superpixel-shape features 

4. Inference 

5. Generating the model by finding the location and orientation of each superpixel. 
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This is a very good and widely used method. Most of images can be done by it according to 

its theory and model, including both urban scenes (buildings) and natural scenes. This 

algorithm is base on the MRF model, which is complex for computation and will cost longer 

time to convert a 2D image to the 3D structure. 

 

3.2 Automatic Photo Pop-up 

3.2.1 Procedure 

This method is clear and not very complex. It starts with generating the superpixels as the 

method of Make3D. There are four steps in obtaining a 3D model from a single 2D image: 

1. Image to Superpixels: 

Originally an image is presented by a 2D matrix of RGB pixels. Each pixel means one 

element in the matrix. The first step is to find almost the same properties regions which 

is called „superpixel‟ in the image. In other word, the superpixel is composed of similar 

pixels. This is very useful for improving the efficiency of the computation in the 

algorithm. The over-segmentation technique of [15] is used to get the results. 

2. Superpixels to Multiple Constellations 

It is not enough to get the superpixels only. So in the second step the superpixels are 

divided into groups of Constellation. The constellation means the group of superpixels 

which may have the same geometric label (these are based on an estimation procedure 

using training data). With the constellation, it is possible to compute more complicated 

features. To form the constellations, a superpixel is randomly assigned to each of 

cN constellation. Then iteratively each remaining superpixel is assigned to the 

constellation that is most possible to share the same label, when maximizing the average 

pairwise log-likelihoods with other superpixels in the constellation. 
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Where kn is the number of superpixels in constellation
k

C  




  jiji zzyyP  is the 

estimated probability that two superpixels have the same label, given the absolute 

difference of their feature vectors.  

3. Multiple Constellations to Superpixel Labels 

In this step, a machine learning method is used to model the appearance of geometric 

forms from the training images. Then there are three possible labels: “ground”, “vertical”, 

and “sky”. For each constellation, the likelihood of each of the three labels is estimated 

considering also a confidence weight factor that all of the superpixels in the constellation 

have the same label.  



 

19 
 

     



ki Csk

kkkki xCPCxtyPxtyP
:

,  (5) 

Where si is the thi superpixel and yi is the label of si. Each superpixel is assigned to its most 

likely label. P(yk=t|xk,Ck) is the label likelihood, and P(Ck|x) is the homogeneity 

likelihood for each constellation Ck that contains si. The constellation likelihoods are 

based on the features xk computed over the constellation‟s spatial support.  

4. Superpixel Labels to 3D Model 

After the labels of the image pixels are found, the 3D model of the scene can be built 

directly from the geometric labels. To construct the 3D model of the scene, it still needs 

to determine the camera parameters and the places where the each vertical plane 

intersects the horizontal plane. The schematic of creating a 3D model from a single image 

by this method is shown in the table2. 

 

1. Image →superpixels via over-segmentation. 

2. Superpixels →multiple constellations. 

(a) For each superpixel: compute features. 

(b) For each pair of superpixels: compute pairwise likelihood of same 

Label. 

(c) Varying the number of constellations: 

Maximize average pairwise log-likelihoods within constellations. 

3. Multiple constellations→superpixel labels. 

(a) For each constellation: 

i. Compute features. 

ii. For each label ∈{ground, vertical, sky}: compute label likelihood 

iii. Compute likelihood of label homogeneity 

(b) For each superpixel: compute label confidences and assign most 

likely label 

4. Superpixel labels→ 3D model. 

(a) Partition vertical regions into a set of objects 

(b) For each object: fit ground-object intersection with line 

(c) Create VRML models by cutting out sky and “popping up” 

objects from the ground 

Table2: The procedure of creating a 3D model from a single image. 
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3.2.2 Summery 

The method shows better performance on the images of the outdoor scene, such as the natural 

scene (sea, hills) and the man-made scene (buildings). Although the method can miss many 

details, however the target of the image is treated well.  

The method is also based on the machine learning method and the probability and statistics. 

So the procedure is complex and computation is still not efficient enough.  

 

3.3 Auto and Fast 3D reconstruction for urban scenes 

                                                                                      

Figure5. 3-d model structure: 3-d model is composed of a number of vertical walls and a ground plane [1]. 

 

After a short brief introduction of the method in section2.4, more details will be discussed in 

this section. 

3.3.1 Image processing 

For reconstruction, the method uses a preprocessing on the images. First the edges are 

detected using the canny edge detection [16] to obtain the straight lines. And these lines are 

extracted with the algorithm mentioned in [17]. Using these straight lines, the vanishing 

points and horizontal plane can be computed.  

 Edges in the images represent: 

 discontinuities in depth,  

 discontinuities in surface orientation,  

 changes in material properties and  

 Variations in scene illumination.  

Implementing the edge detection significantly reduces the amount of data and removes the 

redundancy information, but it keeps the important structural properties of images. There are 
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several popular edge detection algorithms, such as Sobel, SUSAN and Canny. A good edge 

detector has two criterions. The first criteria is good localization (The detected edges are as 

close as possible to the true edges) and the second criteria is good detection (the optimal 

detector must minimize the probability of false positives as well as false negatives). 

Additionally to these two criterions, there is a constraint in goodness of a edge detection 

algorithm, that is single point response, which means the detector must detect only one point 

for each edge point in the image. 

Usually in photography of natural scenes, to capture the whole object e.g. a building, the 

camera position to the scene leads to the keystone effect. The Keystone effect is caused by 

attempting to project an image onto a surface at an angle, as with a projector not quite 

centered onto the screen it is projecting on. It is a distortion of the image dimensions, making 

it look like a trapezoid, the shape of an architectural keystone; hence the name of the feature. 

Under the influence of the keystone effect, the horizontal line inclined and the vertical line 

tilted. To eliminate the keystone effect, here an algorithm in [18] was used. This method 

extracted the line segments corresponding to the vertical vanishing points, and then 

calculated the best homogenous matrix which helps to find the best homography. Then the 

segments to vertical lines are transferred into the real-world coordinate system. This 

homography is also applied for the horizontal lines. Because in the city the lines on the 

building are abundantly presented, this method worked nice. In figure 4, the plane I is the 

image plane, and the plane I
‟
 is the virtual image. Lines L1 and L2 are on the real building. 

 

Figure 6: Camera pitch and roll correction illustration. [18] 

 

According to the rule that the vanishing points are on the same straight line called horizon, so 

when the vanishing points are found, the ground plane is determined. In [5] the vanishing 

points is defined that the vanishing point is the intersection of the image plane with a line 

parallel to the reference direction through camera center. In other word, all lines which cross 

the vanishing points are parallel. The vanishing points estimation was presented in [5] also. 

We can choose two parallel lines in real world which are lying on the ground plane as well 
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and implement edge detection algorithm (such as Canny) to extract them from the image. 

Then we can find the intersection of these lines which will indicate a vanishing point. We can 

find other vanishing points by the same way and connect them by a line (vanishing line, also 

the horizontal line).  

Not all lines are useful after edge detection. Some of them are even harmful to vanishing 

points estimation. So it needs to filter the lines. The algorithm [19] can be used here for 

filtering the lines. 

3.3.2 Model  

In this model it is assumed that ground-vertical boundary is specified by a continuous 

polyline [2]. As talked above, each polyline segment passes one vanishing point. 

 

Figure7. Ground-vertical boundary Labeled chains represent results of polyline fractures estimation and 

polyline vertical positioning. 

 

In figure 7, the blue line is the horizontal line, a set of the vanishing point. So every polyline 

segments will intersect the blue line at vanishing point. The coordinates of the left and right 

ends of each polyline segment are assumed that: ),( 11

yx pp , ),( 22

yx pp , ),( 33

yx pp , ),( 44

yx pp . The 

corresponding the vanishing points are: ),( 1 hvx , ),( 2 hvx , ),( 3 hvx . If the x coordinates of each 

segment and the corresponding vanishing points are fixed, then it means that only one line 

pass through the point ),( 11

yx pp . Based on these, all the polylines are determined by (2n+1) 

parameters, such as );,...,;,...,( 11 hvvpp n

xx

n

xx . 

Then the conditional probability is involved, the formula allows dividing the model 

parameters into two subproblems. Which means that: 

);;,...,;,...,( 111 IphvvppP y

n

xx

n

xx  
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);;,...,;,...,();;,...,;,...,( 11111 IhvvppPIhvvpppP n

xx

n

xx

n

xx

n

xxy  (6) 

The first subproblem includes estimation of x-coordinates of polyline‟s fractures n

xx pp ,...,2  

and vanishing points n

xx vv ,...,1 corresponding to each line segment. The second problem 

involves vertical positioning of the polyline with fixed 12 ,..., n

xx pp ; hvv n

xx ;,...,1 parameters. This 

finding is based on an assumption that hp y 
1 .  

Here the model is based on Conditional Random Field. A conditional random field (CRF) is 

a type of discriminative probabilistic model most often used for the labeling or parsing of 

sequential data, such as natural language text or biological sequences. 

Much like a Markov random field, a CRF is an undirected graphical model in which each 

vertex represents a random variable whose distribution is to be inferred, and each edge 

represents a dependency between two random variables. For the current discussion, assume 

input sequence X represents sequence of observations and Y represents a hidden (or 

unknown) state variable that needs to be inferred given the observations. In a CRF, the 

distribution of each discrete random variable Y in the graph is conditioned on an input 

sequence X. 

The use of a Conditional Random Field allows incorporation of appearance, geometric and 

context cues in a single unified model. All the parallel lines which lie on the same building 

wall will intersect at a same vanishing point, and the lines on adjacent building walls are not 

parallel and refer to different vanishing points. The borders between adjacent building walls 

are characterized with local discontinuities in color and orientation of lines. 

CRF model for vertical walls takes the following form:  

    







w

i

w

i
iii llplpILP

1

1

1
1,),(   (7) 

where w stands for a total number of graph nodes, unary potential  ,ilp  captures 

distribution of features inside every vertical wall, pairwise potential  1, ii llp  captures 

the ”edginess” between two adjacent graph nodes; θ is a vector of internal parameters of CRF 

model. 

3.3.3 Summery 

Although this method is also based on a random field and need to do a lot of computation on 

probability, the parameters of this model is less than the above two and the calculation is 

simple. The speed of the computation is very fast. Usually it only takes about one second. 

The last 3d results mostly are very nice and impressive. But the method depends on the 

vanishing points estimation and horizon estimation too much. The wrong estimation has a 

very bad effect on the 3d model, because the distance between observer and building walls 
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depends on horizon position. Another bad effect is that once the wrong horizontal line is 

computed, it will lead to a very bad result e.g. wrong ground plane.  

Overall this is a very good algorithm. It does not need a very powerful computer, processes 

very fast and gets a pleased result, although it only focuses on the urban scene. 

 

3.4 Psychological and Physiological Stereoscopy 

3.4.1 Introducing the binocular parallax  

As it is discussed in section2.5, the method shows how to introduce the binocular parallax 

into a single image. Because the binocular parallax information is provided by two images, 

the goal is to obtain the second image. Assume that the image Il(ml, nl) is the original image. 

The image Ir(mr, nr) will be the generated image which is parallax to the original image. 

To generate the virtual image of Ir(mr, nr) , the image Il(ml, nl) is divided into M×N 

non-overlapping blocks as shown in the following figure. Each one of these blocks  also can 

be called an image unit. Assume that the number of rows of the block is R, the number of the 

columns is C, and the number of pixels is K. Then by shifting randomly every block on the 

horizontal direction, every pixel deviate from the original location. This means that the 

binocular disparities are introduced artificially.  

Based on the following three rules we can generate binocular disparities: 

(1) The generated images will have no vertical vision disparities, thus each block Qst should 

have a horizontally displacement.  

(2) The displacement of each block Qst is randomly. 

(3) The amount of displacement of Qst is constrained by the limit of the comfortable Panum's 

fusional area. [4] 

 

Figure8:  The image is divided into nonoverlapping blocks. 
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"Panum's fusional area" is an ophthalmic medical term. This term is defined as the area on 

the retina of one eye over which a point-sized image can range, while still being able to 

provide a stereoscopic image with a specific point of stimulus on the retina of the other eye. 

Therefore, the region in visual space that people perceive "single vision" is Panum's fusional 

area, and objects in front and behind this region exist in physiological diplopia (double 

vision). 

 

Figure9: Generation of binocular disparities by adding random block parallax 

 

In the figure above, image a is the original image blocks, image b is the blocks after zooming 

out or in, image c shows that zooming out or zooming in the size of the width of the random 

blocks which can introduce the binocular disparities. In other word, the number of the 

columns of each block is changed. In image c, we can see that there is no shift on the vertical 

direction, so it fulfills the first rules. 

To make the block shift randomly on the horizontal line, [4] a zooming factor Kst  is 

assigned to every block Qst, where s=1,2,…,M, t=1,2,…,N. For simplification reason, we can 

assume that the random variables K11,…,Kst,…,KMN have the same probability distribution, 

having expectation of a and a variance of . Before the block is transformed, the location of 

the pixel in block Qst is: 

  KCktCqst  1  (8) 

where k =0; 1; ... ;K-1 and K is the total number of blocks. 

After transformed, the location of the pixel in block Qst becomes 

  KKCkKKKCq ststsstk  121'   (9) 

So the horizontal disparity is  

       KKWkKKKtWqqq ststsstktktk   11' 121   (10) 
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The expectation of the disparity is: 

        KaWkatWqE tk  111  (11) 

So when a=1 the expectation is 0. Because the disparity is random process, it satisfies the 

rule 2. 

To make sure that the rule 3 is satisfied; we can examine the value of the maximum of the 

variance of the disparity. 

  22  tWqD tk  (12) 

Ensure that:   maxmax
qqD tk   then rule 3 can be satisfied. 

In our code, to make it work easy and fast, we just only deleted one or two random columns 

in left block of each two closed blocks, and resize the right block, so as to make sure that the 

size of this image is not changed and most of the pixels in the image have shifted 

horizontally. Of course it fulfills the three rules discussed above. To keep the new image as 

more similar as possible, we only delete very few columns compared to the total columns of 

the original image. And definitely, the more pixel shift, the better the stereo image will be. 

3.4.2 Summery 

A second virtual image is created from an original image in this method. With the two 

images the problem of 3D reconstruction from one image has been changed to 3D 

reconstruction from two images. To see the result it requires the special equipment such as 

the 3D glasses or screen. But this method does work very fast. There is not too much 

computation in the procedure.  

This method has a very good future. There is still a lot work to be done on it. For example, 

we can divide the image into blocks based on the image content, and introduce different 

disparities into the blocks. This will improve the quality of the results, and give more 

impressive 3d effects. 

 

3.5 Rectification with lines and conics 

3.5.1 The homogenous matrix H 

The homogenous matrix H can be decomposed into three matrices, which are S, A and P, 

meaning the similarity, affine and pure projective matrix. It can be presented by  

  H = SAP (13) 

Where  
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Having  Tllll 321 ,,  means that the vanishing line of the plane, and the l has two DOF 

(Degree of Freedom) which is 0321  lylxll . The vanishing line is defined as the 

intersection of the image plane with a plane parallel to the reference plane and passing 

through the camera center C [5]. In other word, all the vanishing points lie on the vanishing 

line at the infinity.  

The affine matrix is given by: 
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A  (15) 

Obviously this matrix has two DOF represented by   and  . The   and   presented a 

coordinate of one point which is the intersection of two circles. Later we will discuss about 

how to get the two circles so that to obtain the   and  . 

The final matrix is the similarity transformation 

  









10T

tsR
S  (16) 

Where R is the rotation matrix, t is a translation vector and s is an isotropic scaling, so S has 

four degrees of freedom. 

The homogenous matrix has been decomposed into three matrices, S, A and P. First we can 

determine P, which requires finding out the vanishing line of the image plane. The vanishing 

line can be seen as a line connected by two vanishing points. The vanishing point is the 

intersection of two parallel lines in the image plane at the infinity. So it is not hard to find out 

the vanishing line, and then the matrix P.  

The second stage is to determine the most difficult and important part of all, the affine matrix 

A. There are three methods of providing the constraints on   and   are given here. These 

are: [3] 

1. A known angle between lines; 

2. Equality of two (unknown) angles; and, 

3. A known length ratio. 

Under each condition a circle can be determined. This circle is described in the complex 

plane, and   and   are originally real and imaginary components. With two of the three 

methods, there will be two circles and they will intersect at a point whose coordinate is   , . 

So the value of   and   can be obtained to determine the affine matrix. 

The first method: known angles 
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Some angles are very easy to be recognized in an image, such as the corner of a window is 

usually 90 degree. Assume   is the angle on the real world plane between two lines 

mapped as al  and bl . So the center of the circle is  
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And the radius:     
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  (18) 

Where 12 / aa lla   and 12 / bb llb   are the line directions. When   is 90 degrees, cot  is 

infinite, so the center of the circle is on the   axis. 

The second method: equal angles 

Assume that the angle on the real world plane between two lines mapped to lines 11 , ba ll  with 

the direction 11,ba  , and there is another angle in the plane between two lines mapped to 

lines 22 , ba ll  with the direction 22 ,ba . These two angles are the same. Then the center of the 

circle can be shown: 
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and the radius is:    
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The third method: known length ratio 

Assume the length ratio of two segments of two non-parallel lines is s in the real plane, and 

these segments are mapped as shown in figure 

 

Figure10: the coordinates for the line segments in the known ratio constraint 

The center of the circle: 
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The radius:       
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  (22) 

Where 21 nnn xxx   and 21 nnn yyy   

In the three methods above, the first and the second are usually applied. Comparably the right 

angle is easier and more obvious to be found in an image. Because the circles are in the 

complex plane, generally there should be two points when the two circles intersect. These 

two points are symmetric regarding to the   axis. So the point in the upper half plane need 

be considered. 

3.5.2 Conic  

If the image does not have too much content, such as it is only showing a bowl or a cola 

bottle. Then there will be not enough useful information based on the above discussion. 

There is another way to reach the destination.  The projective and affine matrix can be 

estimated by a pair of coplanar circles. 

As we know the conic has five degrees of freedom, which means that if we have five points 

on a conic, we can obtain the equation of the conic. Assume the expressions of the conics 

are: 

  022 22  cfybyghyxax  (23) 

  0''2'''2' 22  cyfybgyhxxa  (24) 

By eliminating x from the two equations we can get an equation of 4th degrees in y. There 

should be four values, real or imaginary for y. Eliminating x
2
 results only one value of x for 

each y. So the two conics will intersect at four points. According to [22] all the conics will 

pass two points which are  TiI 0,,1  and  TiJ 0,,1  also called circular points. Then the 

other two points are conjugate to each other and symmetry with respect to   axis if in the 

imaginary form. The dual conic TT JIIJC 

* [22] can be found by the circular points. As 

we have already known that H = SAP or H=PAS. For the dual conic, we have  
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Where 
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When line at infinity is not moving, l


= 0, so  
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The method for the rectification with coplanar conics can be summarized as follows.      

1.  Obtain the equations of the two conics from the image. 

2.  Solve them using non-homogeneous coordinates and homogeneous coordinates with l


= 

0 

3.  Obtain a maximum of four pairs of imaginary points with conjugate x and y coordinates. 

4.  Treating each pair as the circular points, obtain four different matrices for P, A. 

5.  One of these four matrices results in the actual rectification. [21] 

3.5.3 Summery  

This is a very easy and fast way to get the 3d information we need. Also it does not need any 

special equipment. It is completely based on the simple mathematic computation. Only if the 

exact points on the line or conic that are needed and should be computed are captured, this 

method will work well. 

 

3.6 Materials  

3.6.1 Database 

A database including 80 images was created where 30 of images are about natural scenes, 

another 30 ones are about urban scenes, and the rest of 20 images are about indoor scenes. 

The natural images are consisted of the beach, cliff, road and field scenes and so on. The 

indoor images include many kinds of images which were taken inside a building; even an 

image is so simple that scene is only one bowl. Thus the database contains different kinds of 

images from different kinds of environments. All of the images are either downloaded from 

the internet or taken by the author of this thesis and by randomly.  

3.6.2 Codes and 3D results 

To obtain the 3D results, the codes of Make3d and Popup are downloaded from the internet 

[26] [27]. These codes are programmed in MATLAB and can be run under Windows system. 

The 3D results of Make3d and Popup are computed from the above program. The Auto3D 

results from our database images were obtained by contacting Olga Barinova (the author of 

the algorithm). This was due of the restriction rules of the company she was working with 

which the code of the algorithm was not allowed to be released. The code of psychological 

method is written by the author of this thesis. The author was not been able to compile a 

running version of the program from the Metric Rectification method so far (by end of this 

thesis).  
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3.6.3 Computing 

Computing was done by a laptop which had this configuration: 2G DDR memory, 2.1GHz 

core2 duo CPU, and Intel mobile 965 Graphic Card. The operate system was window xp with 

sp3. 

3.6.4 Comparison of the methods by personal evaluation inquiries 

The results of the 3D reconstruction is evaluated by personal inquires which is depending on 

the people‟s feelings and experience.  The inquiries were analyzed statistically. During 

inquiry 20 persons (from different countries and different ages) participated and they were 

able to score the results between 1 to 5 points. Each scoring point was defined as following: 

In the 3D result 

1.  the right angle and relative position between each two objects are achieved, 

2.  the right ground plane, the right horizon are found, 

3.  clarity of depth perception for different objects in a scene is achieved, 

4.  the shape of each object is fine, and is not distorted, 

5.  it is possible to find as many details as there are in the scene. 

Here the top score is 5 and score 1 represents poor 3D effect. For simplification and 

understanding of evaluation procedure some of the models were shown to the test persons 

(before their evaluation) and the score definitions were explained.   

3.6.5 Comparison of the methods by a novel objective method 

By observing the procedures of the chosen methods, we found out that there are common 

attempts in each method which we could implement them to find an objective method to 

compare their results e.g. the methods attempt to find the right ground plane and the right 

number of vertical planes in the single image. Especially in urban scenes, the main objective 

of the methods is to find building and walls which are all perpendicular to the ground. Even 

in the natural scenes, the hills, the rocks and trees are also vertical which shows that our 

comparison method can be beneficial. So the right ground plane and vertical planes are more 

important and common goals in the methods which should be detected and modeled. Based 

on this conclusion, we built a set of simple scenes which contained only a ground plane and 

several vertical planes. 
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Figure11: the set up of the experiment, the walls are built by Lego toy and the camera is used to compare the 

methods objectively. 

 

Several walls were built by Lego toys with the same height and different width, shown in 

Figure 11. The scene had a ground plane. Each wall is perpendicular to the ground plane and 

conceited to the neighboring wall; the camera is also parallel to the ground and perpendicular 

to the walls. In each scene we had control on the complexity of the scene by using more 

walls and in different depth. To compare the methods we built different scenes with different 

complexities. As far as each scene was designed in a controlled way we are able to compare 

the 3D result of the methods with each other for each captured image from a scene. 

4. Results  

Following images show some of images from the database and their 3d results. Here we 

chose those images which had significant god results. 

 

4.1Results of Nature scenes images 

Original 2d image-nature 
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Make3d-nature 

 

Popup-nature 

 

Psychology -nature 
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Original 2d image-nature 

 

Make3d-nature 

 

Popup-nature 
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Psychology -nature 

 

 

4.2 Results of Urban scenes 

Original 2d image-urban 

 

Make3d-urban 
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Popup-urban 

 

Auto3d-urban 

 

Psychology-urban 
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Original 2d image-urban 

 

Make3d-urban 

 

Popup-urban 
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Auto3d-urban 

 

Psychology-urban 
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4.3 Results of Indoor scenes 

Original 2d image-indoor 

 

Make3d-indoor 

 

 

Popup-indoor 

 

Psychology-indoor 
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Original 2d image-indoor 

 

Make3d-indoor 

 

Popup-indoor 
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Psychology-indoor 

 

 

 processing time (second) 

Make3d 60-120 

Auto3d 1-4 

Popup 20-40 

Psychology 1-3 

Table3: The processing time of each algorithm. 

 

Here are some explanations for the result.  

1. All results we chose here are the better ones; also the original images have high 

resolution. And these results are screenshots from the 3d results. The 3d results can be 

shown on the Explorer which is based on VRML. To get better visual effect, the software 

contona3D is necessary.  

2. In the above results, the method called auto3d is used only for urban scenes. So there is 

no result for indoor or natural scenes. 

3. In the results of the method called Psychology, there is one new virtual image using the 

original image. The pixels in the new image have been shifted a little. To see the shifting 
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results of this method as stereo effects, it requires a special screen or a pair of 3d glass. In 

our test, the 3D screen was a SeeFront 3D autostereoscopic display. All the 3D results 

can be shown on the SeeFront display, which makes sure that all the results are tested in 

the same environment. 

4. The resolution of the original image will affect a lot the quality of the 3d result. The 

higher solution, the better result is obtained. 

 

4.4 Result of Comparison of the methods by personal evaluation inquiries 

The average scores of the methods are shown in table 2 which are calculated by all the 

marking results from the volunteers and for different types of images.  
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urban indoor nature

make3d

pop-up

psych
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Table4: The comparison of the 3D results of the chosen methods: The average scores of the methods and for 

different type of images are shown.  (The details results are shown in the Appendix). 

 

Until now, we have obtained the 3d results from 4 of the chosen methods. The results from 

the fifth method based on Rectification are not 3D yet, so the shown results are not including 

the Rectification method. 
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4.5 Result of Comparison of the methods by a novel objective method 

The images of the scenes which contains two, three, five and six vertical planes were 

captured and then they were processed by the above four methods. For the psychological and 

physiological method the disparity map as the result was computed to find out the detected 

number of planes. In table 3, we show the numbers of planes in the 3D results of each 

method when there are different numbers of planes in the real scene. 

 

 

Figure12: a group of 3D results from Make3D (left), Popup (middle), disparity map of Psych (right).   

 

 
The number 

of real planes 

The number of 

planes in 3D results 

Make3D 6 5 

Popup 6 3 

Psych 6 6 

Make3D 5 4 

Popup 5 3 

Psych 5 5 

Make3D 3 3 

Popup 3 2 

Psych 3 3 

Make3D 2 2 

Popup 2 1 

Psych 2 2 

Table 5: The comparison of the 3D results of the chosen methods by the novel objective method: The number of 

real planes and from in 3D results for each method is shown. 
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5. Discussion  

5.1 Theory comparison  

Before comparing the results, the theories of the five chosen methods will be first compared. 

As all the theories are discussed above, the first three methods are based on some mathematic 

models and the other two only take a few simple calculations. Make3D is based on the most 

complex model and the Auto3D is based on the simplest model.  

Most of the methods have assumptions about the structure of the scene for estimation of 3D 

models from a single image, Make3D method has no explicit assumptions, which makes this 

approach more powerful to obtain nice results even for the scenes with no significant vertical 

structure, and also helps to capture more details of an image when having a 3D structure. So 

it means that this method will show more details of the original image than other methods 

and it will fit for almost all types of scenes.  

The method Popup starts with getting superpixels the same as Make3D, but it is only good at 

processing the outdoor images. The method separates the image into sky, ground and vertical 

plane, three labels, and because of its model it only achieves to derive few planes from the 

image which means it will miss a lot of details especially in the natural scene.  

Although the method Auto3D is based on a mathematic model called CRF which is a very 

simple in probability theory, it can work very fast. This method is limited for urban images 

unfortunately. There are two disadvantages on the method. The first is that the wrong 

estimation of positions of horizontal vanishing point has a very bad effect on the 3d model, 

because the distance between observer and building walls depends on horizontal position. 

The other bad effect is that once the wrong horizontal line is computed, it will results in a 

wrong vertical positioning of polyline, which makes the 3D result look very weird. To avoid 

the two disadvantages, a better edge detection will improve the method which can help the 

method to obtain the right horizontal line.  

The method based on psychology and physiology is designed for all kinds of images. 

According to the function of human eyes, introducing the binocular parallax into the image 

considers 3D reconstruction from one single image and making two stereo images. This is a 

completely different new idea. The results can be shown by a 3D screen or a pair of 3D glass.  

The last method rectification comes from Projective Geometry. The calculations only 

concerns matrix and linear equation which are very simple. The only weakness seems that it 

is not automatic. The points on the lines or conics that we need should be picked out 

manually. Once the points can not meet the need of requirement of the method, it will not 

work. For example, in the natural scene, there are no obvious conics or parallel lines; it is 
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hard to find the relationship between two lines or conics. So at this time this method doesn‟t 

work. The table 5 shows summary of properties of the methods 

 

 Model Image type 
The need of 3D 

equipment 

Make3d MRF All No 

Popup 
Pixel classification  

 
Outdoor No 

Auto3D CRF Urban No 

Psychology 

From brain 

perception 

modeling  

 

All Yes 

Rectification Linear algebra Urban and Indoor No 

Table 6: A summary of properties of the methods is shown. 

 

5.2 Result comparison using personal evaluation inquiries 

In this part, comparison of the methods by personal evaluation inquiries will be discussed, to 

find out the advantages and disadvantages of each algorithm. According to this evaluation the 

method based on psychology and physiology is the best for all kind of images. The method, 

make3d receives the second place for the indoor and nature scenes, and auto3d has the 

second place for reconstructing the urban scene. The method pop-up has the third place when 

it is used for all images.  

Because personal evaluation inquiry depends partially on human feeling, therefore the 

psychological and physiological method had a little extra advantage in the test. However this 

method is very easy to be used and computed, it does not depend on any statistical model and 

line-plane computation, and it does not need to determine any planes or lines. Also it can be 

used for any kind of images either easy scenes or complex environments. Human beings have 

strong feelings on the shape of buildings and rocks and also the depth of the scene. Not only 

this is partly depends on people‟s experience and psychology, but also this method is able 

converts the single view image to multi-view images where the appropriate shift of pixels is 

needed.  

In an image, there is always a significant object or an area which is the most interesting to 

people, this object or area can make people ignore the others. For example, in urban scenes 
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the buildings are usually the most important and the other vehicles, people and other objects 

in the image are somehow unnecessary. In nature scenes, the hills, the rocks and trees are 

main part of one image. So when persons estimate a 3d structure, this part will be noticed 

first. It means that all the 3d structures which are reconstructed from a single image, still can 

not cover all details in an image. What normally people do in such inquiry is to evaluate the 

reconstruction of everything in the scene, which was also the fifth rule in the scoring method.  

The 3d results created by make3d indeed contains the most details of an image, especially in 

nature scenes the rocks, trees even the dust have been reconstructed. But in urban scene, the 

shapes of the buildings or vehicles are simple and familiar by people. On the contrary, the 

shape of rocks, mountains or plants are unknown and unfamiliar to people. So when creating 

the 3d structures from nature scenes, we should consider that it will be fine if there are some 

parts of the structure which are distorted and this will not influence humans‟ evaluation. And 

also the more details of an image are reconstructed; people can evaluate it in a better way. 

But for urban and indoor scenes, there is no need to analyze every plane in an image, each 

distorted part in the 3d structure will be very clear. In our reflection of the scene the wall and 

the window on the wall should be in one plane. Once there is a wrong relationship between 

the two planes, it will affect the other calculations of planes‟ relationship. For example, in the 

following two images and 3d results, one is from nature and the other is from urban. 

 

 

Figure13: The left two images are Original ones. The right two are superpixels created by [15]. 
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(a). The 3d structure created by make3d and Popup. 

 

(b). the rock at the bottom of the image. 

Figure14: The comparison between two 3d results reconstructed from a natural scene image. 

The left one is from make3d, the right one is from Popup. 

 

In figure14, the rock at the bottom of 3d results created by make3d looks a little weird. Some 

parts of the rock have been distorted, but this enhanced the stereo feelings in deed. But in the 

3d structure created by Popup, the whole rock is only on one plane, and there is an obvious 

edge between this plane and the background plane. (Notice the red box part). This is very bad 

for people to watch.  

 

 

(a) The 3d results created by make3d and auto3d 
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(b). the sculpture (red box part) in the middle of the image after getting closed and zooming in. 

Figure15: The comparison between two 3d results reconstructed from an urban scene image. The left one is 

from make3d, the right one is from auto3d. 

 

In the example of figure15, we can see it is completely different from the ones in figure14. 

The sculpture, the wall and the pillars in the left image are distorted and look very weird, the 

structure is entirely wrong. But in the right image, all the things are kept well. This is because 

the method auto3d assumes the sculpture and pillars are all in the same plane as well as the 

wall. No matter how we change the observation angle or zoom in or out the image, there is 

no distorted part in the result. So this is easy for us to get the conclusion that, make3d is 

better for natural scenes and auto3d is better for urban scenes. 

Except of the psychological method, the other algorithms did not get the satisfied 3d results 

from the indoor scenes compared to the natural and urban scenes. It is hard for algorithms to 

compute the ground plane or the sky, so many of the last 3d result from indoor image look 

weird and distorted 

 

5.3 Result comparison using the novel objective test 

In the results shown in Table 3, it is very clear that the psychological and physiological 

method create the same number of planes in the 3D results as the real scenes. Make3D got 

almost the similar number of planes and the popup method lost too many of the planes. In the 

psychological method‟s results, there is no distorted part and every plane is clear. But in the 

results of make3D, many parts look weird.  

In Lego experiment, we made all the Lego walls parallel to each other and perpendicular to 

the camera. The distance between each plane and the camera is different, from one to five 

centimeters. Then we obtained the 3D results with the three methods, Make3d, Popup and 

Psych. In the 3D results from Make3d and Popup, there is not any depth information. All the 

planes are combined to one plane. This means it is still impossible for single image to get 
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depth accurately. Some other clues which are useful for getting the depth are necessary. In 

the 3D results of Psych, the disparity map is also not clear and not all the depths can be 

distinguished. 

 

 

 

6. Conclusion and Future work 

Five algorithms for 3D reconstruction of single images are discussed and compared 

theoretically in the thesis. We created our own database which includes images from almost 

all types of scenes and obtained the 3D results from four of the five chosen methods. Then 

we evaluated the 3D results with two methods which are human inquires and a novel 

objective test. At last we arrived at the conclusion: in these methods, psychological method is 

the best one, it works fast and the results are impressive; the make3d takes the second place 

of the methods for natural images and Auto3d takes the second place for urban images.  

In the future, we will try to combine the advantages of each method and create a better 

method. For example, we can make the pixels shift based on the depth map of an image. And 

also we will try to figure out how to make the rectification method work.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

50 
 

7. Reference  

1. Olga Barinova, Vadim Konushin, Anton Yakubenko, KeeChang Lee, Hwasup Lim, and 

Anton Konushin. Fast Automatic Single-View 3-d Reconstruction of Urban Scenes. 

ECCV 2008, Part II, LNCS 5303, pp. 100–113, 2008.  

2. Derek Hoiem， Alexei A. Efros and Martial Hebert. Automatic Photo Pop-up. ACM 

SIGGRAPH 2005.  

3. David Liebowitz and Andrew Zisserman. Metric Rectification for Perspective Images of 

Planes. Proc. IEEE Conf. Computer Vision and Pattern Recognition. 

pp.482-488,June1998 

4. Chunping Hou, Jiachen Yang, Zhuoyun Zhang. Stereo Image Displaying Based on Both 

Physiological and Psychological Stereoscopy from Single Image. Wiley Periodicals, Inc 

2008. 

5. A. Criminisi, I. Reid, and A. Zisserman. Single view metrology. IJCV, 40:123–148, 2000 

6. R. Zhang, P.-S. Tsai, J.E. Cryer, and M. Shah. Shape from shading: A survey. IEEE 

Trans on Pattern Analysis and Machine Intelligence (PAMI), 21(8):690–706, 1999. 

7. J. Malik and R. Rosenholtz. Computing local surface orientation and shape from texture 

for curved surfaces. International Journal of Computer Vision (IJCV), 23(2):149–168, 

1997. 

8. E. Delage, H. Lee, and A.Y. Ng. A dynamic Bayesian network model for autonomous 3D 

reconstruction from a single indoor image. In Computer Vision and Pattern Recognition 

(CVPR), 2006 

9. A. Torralba and A. Oliva. Depth estimation from image structure. IEEE Trans Pattern 

Analysis and Machine Intelligence (PAMI), 24(9):1–13, 2002. 

10. Saxena, A., Sun, M., Ng, A.: Learning 3-D Scene Structure from a Single Still Image. In: 

Proc. of ICCV workshop on 3D representation for Recognition (2007).  

11. Kindermann, Ross; Snell, J. Laurie. Markov Random Fields and Their Applications.  

American Mathematical Society. MR0620955. ISBN 0-8218-5001-6  (1980).  

12. D.A.Forsyth and J.Ponce. Computer Vision: A Modern Approach. Prentice Hall, 2003. 

13. A. McCalloum, C. Pal, G. Druck, and X. Wang. Multi-conditional learning: 

generative/discriminative training for clustering and classification. In AAAI, 2006. 

14. A. Saxena, S. H. Chung, and A. Y. Ng. 3-d depth reconstruction from a single still image. 

IJCV, 2007. 

15. P. Felzenszwalb and D. Huttenlocher. Efficient graph-based image segmentation. Int. 

Journal of Computer Vision 59, 2, 167–181 2004. 

16. Canny, J.: A Computational Approach to Edge Detection. PAMI 8 (1986) 



 

51 
 

17. Kosecka, J., Zhang,W.: Video Compass. Springer, Heidelberg (2002) 

18. Vezhnevets, V., Konushin, A., Ignatenko, A.: Interactive image-based urban modeling. In: 

Proc. of PIA, pp. 63–68 (2007) 

19. Barinova, O., Kuzmishkina, A., Vezhnevets, A., Vezhnevets, V.: Learning class specific 

edges for vanishing point estimation. In: Proc. of Graphicon, pp. 162–165(2007) 

20. Julesz Bela, A New Sense for Depth of Field[j], IEEE Transactions on Pattern Analysis 

and Machine Intelligence PAMI-9(4): 523-530, 1987. 

21. Pawan Kumar Mudigonda, C. V. Jawahar, P. J. Narayanan. Geometric Structure 

Computation from Conics. In ICVGIP 2004 

22. R. Hartley and A. Zisserman. Multiple View Geometry. Cambridge University Press, 

2000. 

23. Peter Kovesi, Shapelets Correlated with Surface Normals Produce Surfaces. 10th IEEE 

International Conference on Computer Vision. Beijing. pp 994-1001. 2005. 

24. D. Hoiem, A. Efros, and M. Herbert. Geometric context from a single image. In ICCV, 

2005. 

25. Ashutosh Saxena, Sung H. Chung, Andrew Y. Ng. Learning Depth from Single 

Monocular Images, In Neural Information Processing Systems (NIPS) 18, 2005. 

26. http://make3d.stanford.edu/code.html 

27. http://www.cs.uiuc.edu/homes/dhoiem/ 

 

 

 

 

 

 

 

 

 

 

 

 

http://make3d.stanford.edu/code.html


 

52 
 

8. Appendix  

8.1 The nature scenes’ results 

Image No. Score of methods 

 make3d pop-up psych 

beach01 3.67 2.33 3.5 

beach02 3.33 3.33 4 

beach03 4 2.5 3.8 

beach04 3.67 2.83 3.5 

beach05 3.33 1.67 3.33 

cliff01 2.67 3.83 4.17 

cliff02 2.33 1.5 2.67 

cliff03 3.25 3.33 4.17 

cliff04 4.17 3.67 4.33 

cliff05 3.75 2.17 4.17 

cliff06 2.92 3 4.17 

cliff07 2 1.67 3.33 

cliff08 3.58 2 3.83 

cliff09 2.75 2.17 3.67 

cliff10 2.66 2 3.5 

cliff11 2.17 2.17 4 

dirt01 2.92 1.67 3.67 

dirt02 3 2.17 3.5 

dirt03 3.08 2.33 3.85 

fields01 3.5 2.92 3.67 

fields02 2.67 2 3.5 

fields03 2.75 2.42 3.83 

fields04 3.5 2.9 4 

roads01 2.5 2.08 3.5 

roads02 2.33 1.67 3 

scenery01 3.92 2 3.67 

scenery02 2.67 2.17 4 

scenery03 4 2.58 4 

scenery04 3.17 4.33 4 

scenery05 3.67 3.67 4.16 
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average 3.131 2.5 3.75 

 

 

 

8.2 The indoor scenes’ results 

 

Image No. Score of methods 

 make3d pop-up psych 

indoor01 2.4 2.8 3.83 

indoor02 2.3 1.8 4.17 

indoor03 1.3 1.8 3.67 

indoor04 3.2 3.6 4 

indoor05 3.1 3.6 4 

indoor06 3.6 1.6 3.92 

indoor07 2.6 1.4 3.83 

indoor08 2.1 2.2 4.17 

indoor09 2.6 2.6 4 

indoor10 2.1 2 2.83 

indoor11 3 2.3 4 

indoor12 2.8 3.2 4.17 

indoor13 3.3 2.6 3.5 

indoor14 3 2.4 3.5 

indoor15 2.2 2.2 4 

indoor16 3.4 2.6 3.67 

indoor17 2.4 2.7 4 

indoor18 2.6 2.6 3.67 

indoor19 2.1  3.33 

indoor20 2.6 2 3.17 

average 2.635 2.42 3.77 
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8.3 The urban scenes’ 3D results 

 

Image No. Score of methods 

 make3d pop-up psych auto3d 

urban01 2.9 3.75 3.17 4.7 

urban02 2.6 2.75 3.67 2 

urban03 3.3 4.25 4 2.67 

urban04 3 3.5 3.83 4 

urban05 2.7 2.75 3.58 4.6 

urban06 2.8 3.13 3.83 4.57 

urban07 2.8 3 3.67 2 

urban08 3 2.25 3.67 2 

urban09 2.3 2.5 4 3.35 

urban10 2.4 2.25 3.83 2.45 

urban11 2.8 2.6 4.17 2.6 

urban12 2.4 2.5 3.17 3.4 

urban13 2.6 3.75 3.83 4.33 

urban14 2 2.25 3.5 2.25 

urban15 2.2 2.63 3.33 4 

urban16 2.9 3.25 3.58 4.5 

urban17 2.2 2.74 3.5 4.2 

urban18 2.4 2.75 4.17 3.7 

urban19 3.8 3 4.17 4.6 

urban20 2.6 3.5 4.17 4.1 

urban21 2.4 2.87 4.5 3.65 

urban22 2.6 2.75 3.83 3.5 

urban23 2.4 2.25 4.17 2.25 

urban24 3.1 2.25 4 4.7 

urban25 2.3 2.5 3.67 3.25 

urban26 3.2 3.25 3.5 3.65 

urban27 2.9 3 3.67  

urban28 2.2 2.25 3.83  

urban29 1.6 1.75 3.83  

urban30 2.4 2.75 4  

average 2.63 2.82 3.795 3.5 


