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Abstract 
There has been an increase in the range of 3D applications. This bachelor 

project report covers the field of 3D visualization workflow. The ingoing 

parts of the workflow have been studied and tested. The project’s theo-

retical part includes a study of literature and the practical part, the 

implementation of the suggested methods based on the performed tests. 

It has been shown that the 3D visualization workflow can be broken 

down into five parts: Capturing, Calibration, Rectification, Disparity 

Estimation and Depth calculation. The disparity for each pixel is gained 

from a stereo image pair and is inversely proportional to the depth. The 

study has shown that two cameras of the same type can differ in focal 

length, that rectifying by using a calibration result is faster than using 

Match by SIFT and that a considerable amount of the workflow can be 

implemented using a Matlab tool. The chosen methods contribute to a 

flexible easy-to-use solution. The resulting Matlab tool Disparity Tool 

adds a GUI to the workflow steps calibration, rectification, and disparity 

estimation. It implements two methods for rectification, namely to 

match by SIFT and using camera calibration results. It also deals with 

two methods for disparity estimation, one of which is segment-based 

and the other is a belief propagation method. The belief propagation 

method has proven to be faster and more accurate but has higher mem-

ory requirements. 

Keywords: 3D, Disparity estimation, Matlab, Stereo image processing. 
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Terminology and Notation 
Abbreviations 

DSI Disparity Space Image is an image containing 

information about the disparities between pix-

els in the stereo pair images. 

GRAD Gradient of absolute differences 

Ground truth DSI containing the real disparities in a stereo 

image pair. Ground truth image is used to 

measure effectiveness at stereo matching meth-

ods. 

GUI Graphical User Interface 

JPG Joint Photographic Group is a format for stor-

ing digital images. 

Parallax The visual change in an objects position caused 

by a change in the viewer’s position. 

PGM Portable Gray Map is a format for storing 

digital images. 

PNG Portable Network Graphics is a format for 

storing digital images. 

SAD Sum of absolute differences 

Vertex A point in 3D-space is referred to as a vertex. 

Vertices are plural of vertex. 

WTA Winner Take All-optimization 

Mathematical notation 

Symbol  Description 

fmax Maximum focal length 

fmin Minimum focal length 
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M(f) Magnification, this is equivalent to maximal 

zoom. 

M1L Magnification for camera 1, left lens. 

M1R Magnification for camera 1, right lens. 

M2L Magnification for camera 2, left lens. 

M2R Magnification for camera 2, right lens. 
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1 Introduction 
3D-technology is presently being integrated into households in a similar 

manner to that which once occurred with the colour-TV. 3D-

visulazation is an ongoing research topic and more commercial applica-

tions for the technique are being noted. There are also many possible 

application areas in surveillance, since the technology allows for the 

monitoring of a third dimension. 

1.1 Background and problem motivation 

Since human vision is three dimensional (width, height and depth) it is 

feasible to reconstruct images or sequences of images in 3D. The work-

flow for doing this is characterized by the process below: 

Capturing � Geometrical calibration � Rectification � Disparity 

estimation � Depth calculation. 

All these steps have several ways of being implemented within the 

chain. There are, for example, many different cameras for capturing, 

different methods for performing the calibration and many different 

algorithms for performing disparity estimations. 

Can the workflow be implemented in a user friendly Matlab interface? 

What are the methods that should be chosen to combine a short execu-

tion time together with good quality? 

1.2 Overall aim 

The goal is to implement the steps from geometrical calibration to 

disparity estimation into a Matlab script using a Graphical User Interface 

(GUI). The user should be able to choose from two methods for rectifica-

tion and two for disparity estimation. The methods should offer the user 

a choice between a short execution time and good quality of the result-

ing disparity map. 

1.3 Scope 

The algorithms evaluated are chosen based on available code and 

documentation. By implementing existing code into Matlab, or calling it 

from Matlab, tested and evaluated code is used and relevant documen-

tation is available. 
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1.4 Concrete and verifiable goals  

The main project is divided into sub stages. 

• Fundamental differences in two cameras of the same model must 

be identified in order to determine the importance of a unique 

camera calibration. If the cameras do not differ, then performing 

two calibrations is unnecessary. 

• The workflow is required to be user friendly and yet precise. 

Finding rectification methods that allow for ease of usage with 

satisfactory results is a compromise that has to be made based on 

execution time, flexibility and quality of the result. 

• The same is true for the disparity estimation methods chosen. 

They must offer good quality together with an acceptable execu-

tion time. The chosen methods will be compared with regards to   

execution time, quality, and CPU- and memory requirements. 

1.5 Outline 

Chapter 2 describes the 3D visualization workflow step by step and then 

chapter 3 describes the course of the project through these steps. Chap-

ter 4 contains the design solutions while chapter 5 describes the actual 

result. The author’s conclusions are found in chapter 6. 

1.6 Contributions 

This report reflects the author’s ambition to connect existing code in a 

user friendly GUI. Existing code has been modified to fit this project’s 

aim. Code has mainly been modified to provide functions which are 

suitable for calling from a Matlab GUI. 

In order to calibrate the cameras and to identify intrinsic and extrinsic 

differences, Camera Calibration Toolbox has been used [1]. 

The rectifying methods have been implemented using code from Matlab 

Camera Calibration Toolbox and Epipolar rectification [1] [2]. 

The test bench provided by Middlebury has been used in the evaluation 

of disparity estimation algorithms [3]. 
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2 Theory 
2.1 Capturing 

A stereo image pair is captured using a 3D camera. This camera takes 

two different pictures simultaneously, slightly separated by a distance, 

called the baseline. Figure 1 shows a 3D camera from Fujifilm. 

 

Figure 1: Fujifilm FinePix real 3D W1 [4]. 

There are significant differences between taking 3D photos and 2D 

photos. When capturing 3D images, parallax must be considered as too 

much parallax may make it impossible to gain a 3D effect. Parallax is the 

visual change in an object’s location caused by a change in the viewer’s 

position. The 3D effect may also be difficult to obtain at high zoom 

levels. [5] 

2.2 Calibration 

A camera requires be calibrated in order to obtain its geometrical pa-

rameters. This gives the location of the image planes, the focal lengths 

and the positions of the optical centres [6]. Camera calibration results 

provide information concerning how corresponding pixels are related in 

a stereo image pair. The parameters are used at a later stage for image 

rectification. In this project, the cameras are calibrated using the Matlab 

Camera Calibration Toolbox. 

2.2.1 Matlab Camera Calibration Toolbox 

The Matlab calibration toolbox provides tools for calibrating stereo 

cameras. The user should firstly take any number of stereo pair images 

(no upper limit exists) of a given grid pattern with known geometric 
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properties. These images are then used in the toolbox to calculate the 

camera’s intrinsic and extrinsic parameters. [1] 

The intrinsic parameters include the camera’s focal length in pixels, the 

principal point coordinates, and the skew coefficient, which defines the 

angle between the X and Y pixel axes and also the image distortion 

coefficients. If the camera has rectangular pixels then the skew is zero. 

The extrinsic parameters include rotations and translations, which 

define the right lens position with respect to the left. [1] 

After the left image set and the right image set have been calibrated, it is 

then possible to calibrate them together. The left and right calibration 

files load into the Stereo Camera Calibration function. It uses the left 

and right calibration results to compute the relative location of the right 

lens with respect to the left lens. [1] 

Another example of calibration tools is the very similar Java based 

JCamCalib which can work with both Linux and Windows. In a manner 

similar to the Matlab Camera Calibration Toolbox, it also uses a squared 

pattern in order to calibrate. Since this project aims at implementing 

the3D visualization process into Matlab, the decision was made to use 

the Matlab calibration toolbox. [7] 

2.3 Rectification 

To simplify the following computations, the images can be rectified. The 

idea is to make a new, common image plane for the two images, parallel 

to the baseline at a distance f, which is the new focal length. The search 

for matching pixels is then only required to be conducted along the 

horizontal line, as illustrated in figure 2. [2] [6] [8] 

What is important is that the problem of disparity computation is re-

duced from two dimensions to only one since the horizontal axis is 

made collinear and parallel (corresponding pixels is placed on a single 

straight line). [6] [9] 
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Figure 2: Rectification. In the first case the corresponding pixels xl in the left image 

and xr in the right image is separated by disparities in both horizontal and vertical 

directions. In the second case, rectification has been performed, resulting in 

Figure 2 shows the advantage 

image usually contains 

order to achieve an effective execution. When all 

pixels lie on the same ax

the disparity range. If the maximum disparity is known, th

figure 2 is known to have a maximum value and searching beyond that 

value is unnecessary. This 

disparity estimation. 

2.4 Disparity estimation

Disparity estimation is 

ferred to as stereo matching algorithms. The two images, captured in the 

first step, are compared and the disparity between every pixel that 

occurs in both figures is computed. This information is then used to 

calculate the actual depth in the image.

disparity 
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In the first case the corresponding pixels xl in the left image 

and xr in the right image is separated by disparities in both horizontal and vertical 

directions. In the second case, rectification has been performed, resulting in 

disparity only in the horizontal direction.

the advantage offered by rectified image pairs. A single 

 millions of pixels and thus this step is crucial 

effective execution. When all the corresponding 

axis, searching can be further reduced by limiting 

the disparity range. If the maximum disparity is known, then dx in 

is known to have a maximum value and searching beyond that 

value is unnecessary. This limitation is important in the following 

Disparity estimation 

Disparity estimation is conducted by one of many methods, also 

ferred to as stereo matching algorithms. The two images, captured in the 

first step, are compared and the disparity between every pixel that 

s is computed. This information is then used to 

calculate the actual depth in the image. 

Theory 
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In the first case the corresponding pixels xl in the left image 

and xr in the right image is separated by disparities in both horizontal and vertical 

directions. In the second case, rectification has been performed, resulting in 

zontal direction. 

image pairs. A single 

step is crucial in 

corresponding 

s, searching can be further reduced by limiting 

n dx in 

is known to have a maximum value and searching beyond that 

important in the following 

also re-

ferred to as stereo matching algorithms. The two images, captured in the 

first step, are compared and the disparity between every pixel that 

s is computed. This information is then used to 
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Stereo matching algorithms generally perform subsets of the following 

four steps: Matching cost computation, Cost aggregation, Disparity 

computation / optimization, and Disparity refinement. The actual se-

quence of steps performed depends on the specific method. [10] 

Matching costs are used to compute the similarity of image locations. 

The matching cost is computed at every pixel. The simplest matching 

costs assume that the images have constant intensity at every pixel but 

there are more robust methods that can compensate for radiometric 

differences (tints) and noise. Absolute intensity differences and squared 

intensity differences are two of the most common pixel-based matching 

costs. They are the simplest possible matching costs. One example of 

more traditional methods is binary matching costs (match / no match). 

[10] 

Cost aggregation methods aggregate the matching costs computed in 

the previous step. Local and window based methods involve summa-

tion or averaging over a support region in the disparity space image 

(DSI). Two dimensional region aggregations can be implemented using, 

for example, square windows or windows with adaptable sizes. [10] 

For disparity computation and optimization there are local methods and 

global methods. Local methods focus on the matching cost computation 

and on the cost aggregation steps. These methods perform a local WTA 

(winner-take-all) optimization at each pixel and thus computing the 

final disparity is trivial; merely choose the disparity associated with the 

smallest cost value at each pixel. Global methods perform the majority 

of their work in the disparity calculation step and often pass over the 

aggregation step. Their goal is to minimize a global energy function, 

depending on how well the disparity function agrees with the input 

image pair and the difference between neighbouring pixel’s disparities. 

Once the global energy has been defined, different algorithms can be 

used to determine a local minimum. [10] 

Disparity refinements provide a means of   increasing the resolution of a 

disparity map with only a minimal amount of further computation. Sub 

pixels can be estimated in a variety of ways to prevent the disparity map 

from appearing to be constructed of shearing layers. Cross-checking can 

be used to detect occluded areas and a filter can be used to clean up 

bogus mismatches. Occlusion can cause holes; these can be filled by 
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using surface fitting or by distributing neighbouring disparity estimates. 

[10] 

2.5 Depth calculation 

When a pixel pair has been found in a rectified geometry the 3D location 

can be calculated using, for example, a triangulation technique, which 

uses knowledge concerning the baseline and the focal length. This can 

be performed using the Matlab Camera Calibration Toolbox. The depth 

is inversely proportional to the disparity. [1] [6] [11] 
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3 Methodology 
3.1 Capturing 

In order to capture images, two cameras will be used. The two cameras 

are of the same type, namely Fujifilm FinePix Real 3D W1, as shown in 

figure 1. 

In order to achieve calibration, both cameras will be used, but, in other 

parts of the project only images captured using camera 1 will be used. 

The reason is that the calibration part includes a comparison between 

the cameras and the other parts of the project include a comparison of 

rectification- or disparity estimation methods. 

3.2 Calibration 

The two cameras are calibrated using the Matlab Camera Calibration 

Toolbox and fourteen stereo image pairs. The images are captured using 

the highest quality (3,648*2,736) in two modes: wide angle (no zoom) 

and telephoto (maximum zoom, 3x optical zoom). [5] The reason for 

using these two modes is to determine whether the calibration results 

differ and by how much. If this is the case then the telephoto images 

cannot be rectified using the calibration result from the wide angle 

images and vice versa. The images are resized in Matlab to a quarter 

(912*684). This is performed as they would otherwise be too large for the 

computer to process in some of the functions.  

The cameras’ calibration results will be compared to determine whether 

they can be applied to the images of the other or whether there is too 

large a difference and thus a unique calibration is required. 

3.3 Rectification 

Matlab Calibration Toolbox includes functions for rectifying the calibra-

tion images. This code can be applied to other images. On the other 

hand, this technique has its drawbacks since the images that this func-

tion is applied to require to be captured using a calibrated camera and 

using the same adjustments as the calibration images. The aim is to 

implement a more independent Matlab-based technique for rectification. 

Therefore, another technique must also be included in the program. This 

other method is required to add flexibility to the program. In order to be 

able to test how they perform against each other, they will be tested by 
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using four stereo pairs captured by camera 1. This allows for testing to 

be conducted by using not only the gained calibration result but also 

with the more independent method that should be able to process any 

image pair. The test images are shown in figures 3 to 6. 
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a). 

. 

b) 

Figure 3: Bowling stereo image pair where a) shows the right image and b) the left 

image. 

 

a) 

 

b). 

Figure 4: Cottage stereo image pair where a) shows the right image and b) the left 

image. 

 

a) 

 

b) 

Figure 5: Dinosaurs’ stereo image pair where a) shows the right image and b) the left 

image. 
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a) 

 

b) 

Figure 6: Desk stereo image pair where a) shows the right image and b) the left 

image. 

The test images can be thought of as supplements to each other. The 

bowling pictures are close-ups containing bright colours while the 

cottage pictures have a gloomy landscape. The desk has many details 

and the dinosaur toys are isolated in the centre of a table with a pat-

terned background.  

The methods will be compared regarding the execution times (Matlab 

time measure command) and output images. Since there is no valid 

baseline available for the images the quality cannot be measured but 

differences in the output images can still be visually analysed. 

3.4 Disparity estimation 

Scharstein and Szeliski published an up-to-date ranking of different 

disparity estimation algorithms online at Middlebury. They have also 

provided an evaluation mechanism for anyone to test and to compare 

their results to the ranking list. [3] 

By searching the Internet for available disparity estimation algorithms 

and then testing them against the list, two methods will be chosen for 

this project’s implementation and evaluation. One of these will focus on 

a short execution time and the other one on quality. 

To evaluate the methods, four famous stereo image pairs are used; 

Cones, Teddy, Tsukuba and Venus, which are shown in figures 7 to 10. 

These RGB stereo image pairs are provided by Middlebury, processed, 

and then the corresponding gray scale disparity maps are submitted at 

the Middlebury test bench. [3] 
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a) 

 

b) 

Figure 7: Cones stereo image pair where a) shows the right image and b) the left 

image. 

 

a) 

 

b) 

Figure 8: Teddy stereo image pair where a) shows the right image and b) the left 

image. 
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a) 

 

b) 

Figure 9: Tsukuba stereo image pair where a) shows the right image and b) the left 

image. 

 

a) 

 

b) 

Figure 10: Venus stereo image pair where a) shows the right image and b) the left 

image. 

The images sizes vary. Tsukuba (384*288 pixels) is the smallest image 

pair and Teddy and Cones are the largest, both with pixels of size 

450*375. Venus has size of 434*383 pixels. This causes variations in the 

processing time since each pixel must be processed during the disparity 

estimation. 

The maximum disparity between the left and right image also affects the 

processing time. Tsukuba has the least disparity variation, only sixteen 

values from 0 to 15. The Venus disparities range from 0 to 19 while the 

disparity ranges for Cones and Teddy are from 0 to 59. [3] 
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The algorithms chosen will then be analysed and compared against each 

other with regards to the execution time and the CPU- and memory 

requirements. Output quality information is available from the previous 

test when evaluating the methods. Time is measured using the Matlab 

tic-toc commands and the CPU- memory requirements using the pro-

gram Process explorer. All processes are terminated apart from the sys-

tem processes and Matlab. The amount of allocated memory will be 

noted before and during the disparity estimation in order to obtain a 

measure of the memory requirement. The stereo pairs shown in figures 

11 to 18 are of three different sizes. These will be used together with the 

Cporta stereo pair shown in figure 11 to determine how the memory 

requirements relate to the number of pixels for the methods. Cporta 

image pair has a size of 680*480 pixels. 

 

a) 

 

b) 

Figure 11: Cporta stereo image pair where a) shows the right image and b) the left 

image. 

All tests and implementations are carried out in Matlab R2008b and 

Visual Studio 2008 on a Microsoft Windows XP Professional PC, 

3.06GHZ and 1.048 GB of RAM. 
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4 Design 
4.1 Rectification implementation 

When the extrinsic parameters of the camera are known, the pictures 

can be rectified. Matlab Calibration Toolbox also contains methods to 

rectify a single stereo pair given the camera’s calibration data. It is 

feasible to implement those methods in this project. This approach 

would, on the other hand, result in a major disadvantage because of its 

lack of flexibility. 

Alternatively, Fusiello, Trucco, and Verri have, using source code from 

different authors, constructed an algorithm for rectifying stereo images 

without the need for there to be any initial knowledge in relation to 

them. It firstly computes correspondence matches by applying an SIFT 

(Scale-Invariant Feature Transform) algorithm. These values are then 

used to rectify the stereo pair. [2] 

The trade off is between the rapid computation and the flexibility of the 

program, since it is necessary for every new image to have the corre-

spondences computed. If the calibration result is available for the im-

ages then it becomes easy and fast to apply for rectification.  

These methods together combine flexibility and speed, as shown in table 

1. 

Table 1: Execution time of the rectification with the chosen methods. 

Rectification 

method 

Processing time (s) 

Cottage Desk Bowling Dinosaurs 

Calibration 

result 

29.94 31.51 24.22 25.13 

Match by 

SIFT 

108.7s 89.26 383.47 276.96 

 

Table 1 shows that the use of the calibration result is consistently faster 

than matching by SIFT. 
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Figure 12: Unrectified Cottage image pair.

Figure 12 shows the unrectified Cottage image pair. A blue line has been 

drawn through the images at half their height 

Figure 13: Cottage image pair rectified using match by SIFT.

Figure 13 shows the rectified 

performed using a match by SIFT. The blue reference line has been 

drawn at half the image height. The distance from the reference to

tree tops at the right end of the images has been decreased during 

rectification as a result 

shows the same image pair rectified using calibration results

be seen that these images have

figure 13. 

disparity 
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Unrectified Cottage image pair. 

the unrectified Cottage image pair. A blue line has been 

rough the images at half their height to provide pixel reference.

Cottage image pair rectified using match by SIFT. 

shows the rectified cottage image pair. Rectification has been 

match by SIFT. The blue reference line has been 

drawn at half the image height. The distance from the reference to

tree tops at the right end of the images has been decreased during 

rectification as a result of a smoothing of the line of tree tops. Figure 

shows the same image pair rectified using calibration results and it can 

images have not been warped as much as those

Design 

2010-10-04 

 

the unrectified Cottage image pair. A blue line has been 

reference. 

 

ottage image pair. Rectification has been 

match by SIFT. The blue reference line has been 

drawn at half the image height. The distance from the reference to the 

tree tops at the right end of the images has been decreased during the 

of tree tops. Figure 14 

and it can 

those in 
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Figure 14: Cottage image pair rectified using calibration results. 

Using the calibration result is faster and does not result in the same 

misshape as when using the match by SIFT. The resulting rectified 

images are in the gray scale, but that does not affect the disparity esti-

mation. 

Note that both methods have placed the ridge at the centre horizontal 

line and that the key associated with the rectification was to place the 

corresponding pixels on the same horizontal line. The mach by SIFT has 

smoothed out the line of tree tops while the rectification using the 

calibration result has smoothed the cottage roof. The methods place 

different sets of pixels on the same horizontal lines. 

4.2 Disparity estimation algorithms 

In order to choose which algorithms should be implemented, five differ-

ent ones were evaluated. 

S. Lanktons method Fast 3D Stereo Vision is a dense stereo matching 

algorithm, inspired by Klaus, Sormann and Karners algorithm Adapt-

ingBP [13] which tops the evaluation list at Middlebury [3]. It uses a 

filter for disparity refinement. The matching is performed in Matlab and 

the filtering is coded in C++/MEX and is called from Matlab. The pre-

compiled filter allows for the filtering to run faster than it would in a 

Matlab script. [12] 

M. Nielsen has adapted Vladimir Kolmogorov’s implementation for the 

Graph cut disparity estimation in Matlab. The entire code is written in 

C++/MEX and can be called from Matlab. What causes this code to be 

very different to the others tested is its ability to base the disparity 

estimation on more than just two images. [14] 
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Pedro F. Felzenszwalb and Daniel P. Huttenlocher at the University of 

Chicago and Cornell University have developed a dense stereo match-

ing algorithm called BpStereo. It is a belief propagation method imple-

mented entirely in C++ and is called from the command prompt. [15] 

Belief propagation and graph cut algorithms usually produce highly 

reliable results and this implementation has been developed for short 

execution times [16]. 

Mathworks provides two region based methods by Baykant Alagoz. 

These are called Line Growing based Stereo Matching and Global Error 

Energy Minimization. Line Growing based Stereo Matching searches for 

a root point that does not belong to any region of growth and it then 

computes an energy minimization in order to find the disparity. Global 

Error Energy Minimization computes an error energy matrix for every 

disparity and then sets the disparity to the least error energy. [17] [18] 

4.3 Choosing disparity estimation algorithms 

 The results for the evaluation of the methods are shown below. Table 2 

contains information about the quality of the depth map according to 

Scharstein and Hirschmüller [3]. 

Table 2: Percentage of bad pixels in the disparity maps. 

Algorithm Average 

of bad 

pixels (%)  

Bad pixels in non occluded areas (%) Ranking 

(0-85) 
Tsukuba Venus Teddy Cones 

Fast 3D 

Stereo Vision 

45,9 9,77 51,5 46,0 51,6 85 

Global Error 

Energy 

Minimization 

36,8 8,42 7,54 46,3 52,9 85 

Line 

Growing 

Based Stereo 

Matching 

50,4 17,6 26,5 55,2 75,7 85 

BpStereo 13,1 2,02 1,13 17,2 11,5 71 

Graph cut   3,73 1,97    

 

Table 2 shows that, overall, BpStereo has the best result from the tested 

methods but it does not perform very well in comparison to the others 

in the list. However, the result of Tsukuba and Venus are of top quality. 

It is the result of Cones and, above all, the Teddy that lowers the rank. 
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Figure 15: BpStereo bad pixels (absolute error > 1) coloured black for Teddy DSI [3].

 

Figure 16: BpStereo bad pixels (absolute error > 1) coloured black for Venus DSI [3].

Figure 15 shows the bad pixels for BpStereo’s worst DSI

the DSI for Venus which is the best. The method 

with the news-paper-look

haps there are many resemblances betw

periodic table and the white wall behind the ted

some areas, as well as a part of the roof of the tilted house.

Examining the list at Middlebury 

which perform well on Tsukuba and V
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BpStereo bad pixels (absolute error > 1) coloured black for Teddy DSI [3].

 

BpStereo bad pixels (absolute error > 1) coloured black for Venus DSI [3].

the bad pixels for BpStereo’s worst DSI and figure

the DSI for Venus which is the best. The method appears to have trouble 

look-a-like table just in front of the camera. Pe

haps there are many resemblances between the pixels at this point

table and the white wall behind the teddy bear are also troubl

, as well as a part of the roof of the tilted house. 

Middlebury shows that most of the algorithms 

perform well on Tsukuba and Venus perform in a worse manner 
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BpStereo bad pixels (absolute error > 1) coloured black for Teddy DSI [3]. 

BpStereo bad pixels (absolute error > 1) coloured black for Venus DSI [3]. 

figure 16 

have trouble 

like table just in front of the camera. Per-

point. The 

trouble-

shows that most of the algorithms 

manner 
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on Teddy and Cones, so BpStereo is still sufficiently good for this pro-

ject. It is therefore chosen to be included in the project [3]. 

Table 3: Processing time. 

Algorithm Processing time (s) 

Tsukuba Venus Teddy Cones 

Fast 3D Stereo Vision 18 46 106 93 

Global Error Energy 

Minimization 

84 109 890 496 

Line Growing Based 

Stereo Matching 

13 272 219 123 

BpStereo 12 21 44 35 

Graph cut  485 1360   

 

BpStereo is not just the best; it is also the fastest, as shown in table 3. Its 

processing time is, however, reduced by the fact that it is precompiled 

and by nature faster than those implemented in Matlab. 

Fast 3D Stereo Vision is not the best Matlab implemented algorithm but 

it is the overall fastest. Line Growing Based Stereo Matching is faster on 

Tsukuba but much slower on the others. Fast 3D Stereo Vision is there-

fore chosen as the fast implementation for this project. This method is 

well suited to being an additional method since belief propagation 

methods have high memory requirements. [16] 

The reason why there is no complete information about the performance 

of the Graph cut algorithm is because the results from Cones and Teddy 

were ambiguous. The results gained, however, were sufficient for the 

decision to be made to discard this method at this point. 

4.3.1 Analysis of Fast 3D Stereo Vision 

Fast 3D Stereo Vision firstly computes pixel disparities by comparing 

shifted versions of the images. It then uses a 2D-filter to substitute low 

confidence disparities with high confidence information from its 

neighbours. 

Fast 3D Stereo Vision requires that the images are rectified in a manner 

which enables them to work properly and requires no modifications for 

implementation within this project. 



Disparity tool - A disparity 

estimation program 

Joel Bergström 

4 Design 

2010-10-04 

 

21 

Slide images 

This function determines the pixel correspondence right-to-left and-left 

to right. It takes left and right images as input arguments together with 

the minimum disparity value, maximum disparity value, smoothing 

window size, weight opposed to colours and tolerance, e.g. how close 

left-to-right and right-to-left values must be.  

Slide images compute the sum of absolute differences (SAD) and the gradi-

ent of absolute differences GRAD. It then computes the total disparity 

value by multiplying the GRAD by the weight and then adds the prod-

uct to the SAD. The corresponding disparity is saved in the DSI. 

Winner-take-all 

Fast 3D Stereo Vision then implements a winner-take-all (WTA) optimi-

zation in order to only retain high confidence pixel disparities. This is 

conducted by finding the best disparity within the given tolerance. 

Filtering 

For disparity refinement, the method uses a filter in order to eliminate 

bad pixels. The filter iterates over every pixel in the DSI and tests 

whether it contains a value below a given threshold defined by the 

calling Matlab function. If this is the case then the filter assumes it is a 

bad pixel and excludes it from the window calculation. Each pixel in the 

output receives a value based on its neighbourhood, as defined by the 

window size. 

4.3.2 Analysis of BpStereo 

BpStereo assumes that the images are rectified but that they still require 

some modification. The algorithm is controlled by the following prede-

fined variables: Number of disparities, scaling from gray level to output, 

number of BP iterations at each level, number of levels, amount to smooth the 

input images, truncation of discontinuity cost, truncation of data cost, weight-

ing of data cost and large cost. In order to match this project’s purpose, 

these parameters are set to be read from a file. Since the number of 

disparities and the number of levels are used by the compiler, these are 

given maximum values of 256 and 8 respectively and the compiler 

allocates memory for them. The reason for this is that unsigned char 

which are used to store the disparity map can contain 256 values. The 

reason why the levels are set to a maximum of eight is because no more 
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is required. The user’s choice then limits the use of the allocated me

ory and thereby the iterations over the variables.

The BP algorithm is an iterative method that operates by passing me

sages around an image hierarchy. Each message is an array containing 

as many elements as there are possible labels

Data cost 

BpStereo starts by computing the data cost for every pixel in the image 

pair. This is performed 

and storing all the possible disparity values produced within the max

mum disparity range, as seen in 

Figure 17: How BpStereo computes and stores matching costs.

The matching cost values are stored in a three dimensional array C with 

dimensions of height * width * 

Aggregation of costs 

The matching cost matrix is down sampled. Costs in layer n are aggr

gations of the costs in layer n

every layer and is coarser in 

levels. Level 0 contains the original ima

figure 18. 
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s choice then limits the use of the allocated me

ory and thereby the iterations over the variables. 

ithm is an iterative method that operates by passing me

sages around an image hierarchy. Each message is an array containing 

as many elements as there are possible labels. [16] 

BpStereo starts by computing the data cost for every pixel in the image 

performed using an absolute intensity differences technique 

possible disparity values produced within the max

mum disparity range, as seen in figure 17. 

 

ow BpStereo computes and stores matching costs. 

The matching cost values are stored in a three dimensional array C with 

height * width * and maximum disparity. 

 

matrix is down sampled. Costs in layer n are aggr

costs in layer n-1. The image is thereby represented in 

coarser in the higher levels and finer in the lower

. Level 0 contains the original image grid. This is illustrated in 
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s choice then limits the use of the allocated mem-

ithm is an iterative method that operates by passing mes-

sages around an image hierarchy. Each message is an array containing 

BpStereo starts by computing the data cost for every pixel in the image 

absolute intensity differences technique 

possible disparity values produced within the maxi-

The matching cost values are stored in a three dimensional array C with 

matrix is down sampled. Costs in layer n are aggre-

is thereby represented in 

higher levels and finer in the lower 

rated in 
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Figure 18: The principle

Bp from coarse to fine

When data costs are available

from the coarsest level to the finest. 

function and the result from every level depends on 

previous, coarser level. When the 0

plete 

 

4.4 Disparity Tool 

The workflow for buildin

Matlab interface. The final product 

described earlier in chapter 4 

produce a disparity map from a stereo image pair.
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le of BpStereo cost aggregation and belief propagation.

Bp from coarse to fine 

When data costs are available, a belief propagation is then carried out 

coarsest level to the finest. The technique minimizes an energy 

function and the result from every level depends on the results from the 

previous, coarser level. When the 0th level is processed, the DSI is co

The workflow for building a 3D scene is implemented in a user friendly 

Matlab interface. The final product Disparity Tool allows the methods 

described earlier in chapter 4 to collaborate behind a GUI in order 

produce a disparity map from a stereo image pair. 
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of BpStereo cost aggregation and belief propagation. 

carried out 

The technique minimizes an energy 

results from the 

level is processed, the DSI is com-

g a 3D scene is implemented in a user friendly 

methods 

in order to 
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Figure 19: Screenshot of Disparity Tool. At the top left the user can read the images, 

click the pop-up menu to choose rectification method, or choose not to rectify. By 

clicking one of the disparity estimation buttons the computations begin. 

Figure 19 shows a screenshot of the Disparity Tool at a test run. It is a 

Matlab tool in which the user loads the input images and chooses which 

method to use in order to rectify and calculate the disparity map. 

The Disparity Tool incorporates the disparity estimation methods Fast 

3D Stereo Vision and BpStereo together with two methods for rectifica-

tion, one implemented from Matlab Calibration Toolbox and one that 

matches by means of  SIFT and rectifies based on the matching result. 

If the user would like to use already rectified images for the disparity 

estimation, then he/she can choose “Don’t rectify”. The program itself 

looks for the rectified versions of the input images in the current direc-

tory. If none are discovered then it runs the rectification of choice. This 

avoids unnecessary execution if the user wants to process the same 

image pair twice. It also checks that no existing match information is 

available before running the match by SIFT. This thus avoids unneces-

sary computation. Figure 20 shows the program’s flow chart. 
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Figure 20: Flow chart for Disparity Tool.

disparity 

4 Design

2010

25 

Flow chart for Disparity Tool. 
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5 Result 
5.1 Calibration result 

Appendix A contains the result from calibrating camera 1 and Appendix 

B the result from calibrating camera 2. The wide angle result is given 

first and this is followed by the telephoto result. 

Figure 21 shows the arrangement for calibrating the two cameras in 

wide angle mode. The figures illustrate the camera lenses and the four-

teen different square pattern photos.  

 

a) 

 

b) 

Figure 21: Extrinsic parameters of camera 1 in a) and camera 2 in b). Distances are in 

meters 

As can be seen in Appendices A and B, the only parameter which really 

differs within the two modes is the focal length. However, this is natural 

since the focal length increases when zooming in. The magnification M, 

which is equivalent to the maximum zoom, relates to the focal lengths 

maximum (fmax) and minimum (fmin) value according to equation (1): 

� � 
����

���	

, (1) 

Taking the figures in appendix A and appendix B, the following equa-

tions are obtained for the magnification of the left lens camera 1 (M1L), 

right lens camera 1 (M1R), left lens camera 2 (M2L), and right lens camera 

2 (M2R). 
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�
� � 
3919.6

1060.8
� 3.7 

�
� � 
3942.7

1069.3
� 3.7 

��� �
3283.1

1061.7
� 3.1 

��� �
3267.9

1062.9
� 3.1 

Thus the results from equation (1) show that the maximum zoom for 

camera 1 is approximately 3.7x and 3.1x that for camera 2. The manufac-

turer specifies the maximum zoom as 3x the optical zoom in 3D mode 

[5]. The calibration result shows that the maximum zoom differs from 

the manufacturer’s specification by as much as 19% and that the maxi-

mum zoom differs between the cameras by 16%. 

The calibration also shows that the distance between the lenses (the 

translation vector) is 0.07716m and 0.07714m for the two cameras in 

wide angle mode, and 0.07733m and 0.07689m in telephoto mode. This 

falls in line with 0.077m which is the manufacturer’s specification [5]. 

The rotation vector has approximately the same magnitude when com-

paring the wide angle and telephoto mode for camera 1. For camera 2 

however, the x-coordinate differs by more than a factor of 10 (-0.00083 in 

wide angle and 0.00784 in telephoto) and the y-coordinate differs by a 

factor of 2 (-0.0.509 in wide angle and 0.02616 in telephoto). The z-

coordinate from both does in fact round off to –0.005. Another important 

aspect is that the distortion is significantly larger in the telephoto mode 

than in the wide angle mode for both cameras. 

5.2 Rectification methods 

The match by SIFT rectification is flexible but the result may vary, since 

every match is based on the images and there is always a risk for mis-

matches. Rectifying using calibration results is faster and is based on the 

properties of the camera. 

5.3 Rectifying using different calibration results 

The bowling stereo images have been rectified using the calibration 

results from camera 1 and camera 2. No apparent difference is present. 

Neither is there any in the resulting DSIs in figure 22. 
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a) 

 

b) 

Figure 22: Bowling DSI, captured using camera 1 and in rectified using calibration 

result from camera 1 in a) and camera 2 in b). Disparity estimated using BpStereo. 

The DSIs in image 21 were compared using the Matlab function 

imabsdiff(). The DSIs were identical. 

Applying a camera calibration result from the telephoto mode to the 

images captured in the wide angle mode, or vice versa, did not result in 

the same rectification. Figure 23 illustrates the difference between the 

rectified versions of the right image for bowling. 

 

Figure 23: Difference between rectified versions of Bowling right image. The image 

is captured in wide angle mode and has been rectified using calibration result from 

telephoto mode. The more the rectified versions differ, the brighter the colour. 

To determine whether the telephoto calibration result from camera 1 

could be applied to camera 2 images and vice versa, a square pattern 

image pair was used. Figure 24 shows the left image captured using 

camera 1. 
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Figure 24: Square pattern left image. Image pair is captured using camera 1. 

 

a) 

 

b) 

Figure 25: Square pattern left image. Rectified using calibration result from camera 1 

in a) and. Right rectified using calibration result from camera 2 in b). 

Figure 25 show the result when rectifying the square pattern left image 

with the calibration result from camera 1 and camera 2. A slight mis-

shape around the edges is visible. 

The difference image for the rectified square pattern left image is shown 

in figure 26. 
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Figure 26: Difference image 

ence from using different calibration results when rectifying is illustrated. The 

brighter the colour, the more they differ.

Figure 26 shows that there 

between the rectified stereo pairs. Runnin

image pairs does not result in the same DSI.

Thus, the calibration result from one camera can be used to rectify 

images taken with another in the wide angle mode, but not in the tel

photo mode. The calibration result from on

rectify images captured in the other mode. This is illustrated in figure 

27. 

Figure 27: How using different calibration results for rectifications are possible. 

Green arrows illustrate good result and 
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Difference image for the rectified square pattern left images. The diffe

ence from using different calibration results when rectifying is illustrated. The 

brighter the colour, the more they differ. 

that there it is more than just the edges that differ 

between the rectified stereo pairs. Running disparity estimation on these 

image pairs does not result in the same DSI. 

Thus, the calibration result from one camera can be used to rectify 

images taken with another in the wide angle mode, but not in the tel

alibration result from one mode cannot be used to 

rectify images captured in the other mode. This is illustrated in figure 

 

ow using different calibration results for rectifications are possible. 

Green arrows illustrate good result and red arrows illustrate bad results.
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images. The differ-

ence from using different calibration results when rectifying is illustrated. The 

than just the edges that differ 

estimation on these 

Thus, the calibration result from one camera can be used to rectify 

images taken with another in the wide angle mode, but not in the tele-

e mode cannot be used to 

rectify images captured in the other mode. This is illustrated in figure 

ow using different calibration results for rectifications are possible. 

red arrows illustrate bad results. 
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5.4 Disparity estimation methods

The evaluation of the chosen disparity estimation algorithms are su

marized in tables 4 and 5.

Table 4: Quality test result for the methods Fast 3D Stereo Vision and 

Algorithm Average 

of bad 

pixels (%)  
Tsukuba

Fast 3D 

Stereo 

Vision 

45,9 9,77

BpStereo 13,1 2,02

  

Table 5: Processing time for the methods Fast 3D Stereo Vision

Algorithm 

Tsukuba

Fast 3D Stereo Vision 18 

BpStereo 12 

 

Figures 28 to 31 show the resulting 

using Fast 3D Stereo Vision and BpStereo.

a) 

Figure 28: Cones DSI from 
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Disparity estimation methods 

chosen disparity estimation algorithms are su

marized in tables 4 and 5. 

Quality test result for the methods Fast 3D Stereo Vision and BpStereo.

Bad pixels in non occluded areas (%) Ranking

(0-
Tsukuba Venus Teddy Cones 

9,77 51,5 46,0 51,6 85

2,02 1,13 17,2 11,5 71

Processing time for the methods Fast 3D Stereo Vision 

Processing time (s) 

Tsukuba Venus Teddy Cones 

46 106 93 

21 44 35 

show the resulting DSIs for the tested images produced 

3D Stereo Vision and BpStereo. 

 

b 

Cones DSI from a) Fast 3D Stereo Vision and b) BpStereo. 
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chosen disparity estimation algorithms are sum-

BpStereo. 

Ranking 

-85) 

85 

71 

the tested images produced 
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a) 

Figure 29: Teddy DSI from a) Fast 3D Stereo Vision and b) BpStereo.

a) 

Figure 30: Tsukuba DSI from a) Fast 3D Stereo Vision and b) BpStereo

a) 

Figure 31: Venus DSI from a) Fast 3D Stereo Vision and b) BpStereo.

5.4.1 CPU and memory requirements

Figure 32 describes the CPU and memory usage when performing 

disparity estimation on 

Tsukuba, Venus and Cporta

One square corresponds to five seconds in 
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b) 

Teddy DSI from a) Fast 3D Stereo Vision and b) BpStereo. 

 

b) 

Tsukuba DSI from a) Fast 3D Stereo Vision and b) BpStereo.

 

b) 

Venus DSI from a) Fast 3D Stereo Vision and b) BpStereo. 

requirements 

the CPU and memory usage when performing 

disparity estimation on the Cones image pair. The image pairs Teddy, 

and Cporta have been evaluated in the same manner

One square corresponds to five seconds in the x-direction and 
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. 

 

 

the CPU and memory usage when performing the 

Teddy, 

manner. 

direction and the 
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amount of used resources in the y-direction. The area of interest has 

been highlighted by means of a blue square. The first activity is BpSte-

reo and the second is Fast 3D Stereo Vision. 

 

Figure 32: CPU and memory usage when performing disparity estimation on Cones 

stereo pair. 

Table 6 shows that BpStereo consistently requires more memory than 

Fast 3D Stereo Vision. BpStereo uses less CPU than Fast 3D Stereo 

Vision. The CPU usage differs the most at the larger image pairs of 

Cones, Teddy, and Cporta. When processing Cporta, BpStereo is no 

longer faster. Values from table 6 are graphically represented in figure 2. 
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Table 6: Memory usage during disparity estimation. 

Stereo pair Disparity estimation method 

Fast 3D Stereo Vision BpStereo 

Before 

(MB) 

Peek 

(MB) 

Memory 

requirement 

(MB) 

Before 

(MB) 

Peek 

(MB) 

Memory 

requirement 

(MB) 

Cones 503 558 55 528 1018 490 

Teddy 504 558 54 483 982 499 

Tsukuba 508 550 42 520 822 302 

Venus 501 560 59 483 898 415 

Cporta 475 579 104 409 1023 614 

 

 

Figure 33. Memory usage as a function of number of pixels. 

Mean values from table 6 are used in figure 33 for the Cones and Teddy 

size. For Fast 3D Stereo Vision at 450*375 pixels 55 is used and for 

BpStereo 495 is used. 
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6 Conclusion 
The project has been successful and the problems solved. It would be of 

interest to expand the calibration part with another calibration method 

to determine whether or not these results are final. The focal lengths 

significantly differed from the manufacturer’s specification. A second 

calibration with another method would help to confirm or discard the 

result. The wide angle calibration result from one camera could be used 

to rectify the images taken with another. The reason why the wide angle 

calibration result is applicable to other cameras but not the telephoto 

calibration results might be because of the high focal length difference 

or distortion. 

It is both interesting and unexpected the manner in which the disparity 

estimation algorithms do not perform better against the Middlebury test 

bench. The authors claim better results than have been shown in this 

case. It is not possible that this is caused by different parameter settings 

because the evaluation has been carried out using the same parameters. 

Determining the reason that this has occurred would optimize the tool. 

BpStereo placed 71 in this test but 13 in its author’s tests. More methods 

could have been placed in the list since the testing took place, causing 

there to be more occurring at the top, but the resulting error on the 

single images are consistently larger in our tests. 

BpStereo consistently requires more memory than the Fast 3D Stereo 

Vision and the memory usage increases more rapidly when images are 

increasing in size. Unfortunately only four image sizes could be used 

based on the limits of the computer’s memory. It is interesting that 

when processing an image size 620*480 BpStereo is no longer faster. It 

would be interesting to be able to determine its boundary size. Does the 

crossover depend on the sizes of the images or does it occur when the 

computer is running out of RAM? BpStereo requires more memory and 

uses the swap at smaller images than is the case for Fast 3D Stereo 

Vision. 

The Matlab tool has worked in a satisfactory manner and has produced 

the expected results. Since every scene is unique it is satisfying to be 

able to choose how to process the image information in an easy manner. 

The next step would be to implement a depth calculation in the GUI in 
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order to make it cover the entire workflow. Fast 3D Stereo Vision may 

be made for fast usage but since BpStereo is precompiled, it runs faster. 

It also produces the best results. Fast 3D Stereo Vision has one great 

advantage over BpStereo: it is more memory efficient thus allowing for 

the processing of larger images. 
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Appendix A: Calibration result of 
camera 1  

 Wide angle 
Intrinsic parameters of left camera: 

 

Focal Length:          fc_left = [1060.76039 1073.29712] ± 

[1.36644 1.35117] 

Principal point:       cc_left = [463.81062 308.77484] ± 

[2.87001 2.37030] 

Skew:             alpha_c_left = [0.00000] ± [0.00000]   => 

angle of pixel axes = 90.00000 

± 0.00000 degrees 

Distortion:            kc_left = [-0.10079 0.11164 -0.00434 -

0.00119 0.00000] ± [0.01098 

0.08377 0.00066 0.00078 

0.00000] 

 

 

Intrinsic parameters of right camera: 

 

Focal Length:          fc_right = [1069.34852 1081.24189] ± 

[1.36597 1.35583] 

Principal point:       cc_right = [465.67978 301.41525] ± 

[2.85435 2.46020] 

Skew:             alpha_c_right = [0.00000] ± [0.00000]   => 

angle of pixel axes = 

90.00000 ± 0.00000 degrees 

Distortion:            kc_right = [-0.12049 0.26929 -0.00596   

0.00110 0.00000] ± [0.01158 

0.09712 0.00069 0.00074 

0.00000] 

 

 

Extrinsic parameters (position of right camera wrt left camera): 

 

Rotation vector:             om = [-0.00824 0.03466 -0.00180] 

 ± [0.00302 0.00345 0.00021] 

Translation vector:         T = [-0.07714 -0.00077 0.00322] ± 

[0.00009 0.00009 0.00060] 

 Telephoto  
Intrinsic parameters of left camera: 

 

Focal Length:          fc_left = [3919.59433 3914.96132] ± 

[22.69545 23.76593] 

Principal point:       cc_left = [491.49675 129.10486] ± 

[18.66204 41.39116] 

Skew:             alpha_c_left = [0.00000] ± [0.00000]   => 

angle of pixel axes = 90.00000 

± 0.00000 degrees 

Distortion:            kc_left = [0.43957 -5.26421 -0.02389 -

0.00453 0.00000] ± [0.15710 
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5.69883 0.00928 0.00298 

0.00000] 

 

 

Intrinsic parameters of right camera: 

 

Focal Length:          fc_right = [3942.74891 3942.20218] ± 

[23.00628 24.50070] 

Principal point:       cc_right = [410.09421 97.55053] ± 

[14.80073 41.24895] 

Skew:             alpha_c_right = [0.00000] ± [0.00000]   => 

angle of pixel axes = 

90.00000 ± 0.00000 degrees 

Distortion:            kc_right = [0.37599 -3.75860 -0.03048 -

0.00210 0.00000] ± [0.14098 

3.92703 0.00878 0.00198 

0.00000 ] 

 

 

Extrinsic parameters (position of right camera wrt left camera): 

 

Rotation vector:             om = [-0.00929 0.03072 -0.00238] ± 

[0.01335 0.00432 0.00036] 

Translation vector:        T = [-0.07733 -0.00070 0.00088] ± 

[0.00016 0.00025 0.00327] 
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Appendix B: Calibration results of 
camera 2 

 Wide angle  
Intrinsic parameters of left camera: 

 

Focal Length:          fc_left = [1061.71388 1074.09624] ± 

[1.57660 1.54682] 

Principal point:       cc_left = [469.54005 307.77110 ] ± 

[3.57583 2.84495] 

Skew:             alpha_c_left = [0.00000] ± [0.00000]   => 

angle of pixel axes = 90.00000 

± 0.00000 degrees 

Distortion:            kc_left = [-0.09020 -0.00000 -0.00318 -

0.00143 0.00000] ± [0.00652 

0.00000 0.00077 0.00096 

0.00000] 

 

 

Intrinsic parameters of right camera: 

 

Focal Length:          fc_right = [1062.88701 1075.06815] ± 

[1.52548 1.48514] 

Principal point:       cc_right = [455.29377 306.89749] ± 

[3.28654 2.87374] 

Skew:             alpha_c_right = [0.00000] ± [0.00000]   => 

angle of pixel axes = 

90.00000 ± 0.00000 degrees 

Distortion:            kc_right = [-0.12103 0.38161 -0.00661 -

0.00250 0.00000] ± [0.01651 

0.19206 0.00080 0.00088 

0.00000] 

 

 

Extrinsic parameters (position of right camera wrt left camera): 

 

Rotation vector:             om = [-0.00083 0.05091 -0.00527] ± 

[0.00348 0.00415 0.00023] 

Translation vector:        T = [-0.07716 -0.00035 0.00339] ± 

[0.00011 0.00009 0.00079] 

 Telephoto 
Intrinsic parameters of left camera: 

 

Focal Length:          fc_left = [3283.11948 3262.78365] ± 

[83.55047 81.40224] 

Principal point:       cc_left = [195.88947 147.20146] ± 

[142.91029 100.48318] 

Skew:             alpha_c_left = [0.00000] ± [0.00000]   => 

angle of pixel axes = 90.00000 

± 0.00000 degrees 

Distortion:            kc_left = [-0.38412 6.67618 -0.00806 

0.01031 0.00000] ± [0.33417 
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7.10797 0.01364 0.01428 

0.00000] 

 

 

Intrinsic parameters of right camera: 

 

Focal Length:          fc_right = [3267.93638 3263.23313] ± 

[83.33104 82.58242] 

Principal point:       cc_right = [157.22525 123.81202] ± 

[111.41295 103.76489] 

Skew:             alpha_c_right = [0.00000] ± [0.00000]   => 

angle of pixel axes = 

90.00000 ± 0.00000 degrees 

Distortion:            kc_right = [-0.41149 8.70791 -0.01225 

0.01127 0.00000] ± [0.33206 

8.68360 0.01524 0.01165 

0.00000] 

 

 

Extrinsic parameters (position of right camera wrt left camera): 

 

Rotation vector:             om = [-0.00784 0.02616 -0.00484] ± 

[0.04148 0.04919 0.00242] 

Translation vector:        T = [-0.07689 -0.00000 0.00912] ± 

[0.00156 0.00119 0.01343] 
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Appendix C: User manual 
Installation 

• Add the path to the folder Disparity tool in Matlab by clicking 

File�Set path �Add with subfolders. Adding the folder Dispar-

ity Tool now makes Matlab aware of the directory and the func-

tions can be accessed from any ware in Matlab. Click save and 

then close. 

• Disparity Tool needs Matlab Calibration Toolbox in order to rec-

tify the images using calibration results. Matlab Calibration Tool-

box can be downloaded from 

http://www.vision.caltech.edu/bouguetj/index.html. Set the path to it 

as above. 

• In Matlab Command Window, type “edit bp”. This opens the 

function bp in Matlab editor. Scroll down to line 142 and add the 

path to BpStereof.exe in the system command. It should look like: 
[s, w] = system(['path BpStereof bpIn.txt']); 

Creating disparity maps 

In Matlab Command Window, type disp_tool to launch the GUI. 

 

Load right and left image by clicking “Load left image” and “Load right 

image”. By loading a new image pair, old rectification data is erased in 
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order to make room for new, meaning that if data needs to be saved, it 

has to be so before loading a new stereo pair. 

For rectification there are three options: using SIFT, using calibration 

result and don’t rectify. The “Using SIFT” option rectifies any image 

pair. For using calibration result, Matlab Calibration Toolbox is needed 

and the stereo calibration result (calib_result_stereo.mat) needs to be in 

the current directory. This option rectifies the images based on the 

available camera information. Don’t rectify should be chosen only if the 

loaded images are already rectified. 

When Disparity Tool is initialized, some default parameters are loaded. 

These are only used by the belief propagation method BpStereo. These 

parameters won’t be discussed here. 

The first two parameters Maximum disparity and Scale are used for 

both methods and are set to zero. Set the Maximum disparity value to 

limit the range for disparity search and then set scale to get nice print 

outs. Both values have to be integers and Maximum disparity * Scale 

should be less than or equal to 255. 

Click on disparity estimation of choice and the estimation begin. When 

it finishes, the resulting disparity map is shown. 


