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Abstract— Conventional non-vision based navigation systems 

relying on purely Global Positioning System (GPS) or inertial 

sensors can provide the 3D position or orientation of the user. 

However GPS is often not available in forested regions and 

cannot be used indoors. Visual odometry provides an 

independent method to estimate position and orientation of the 

user/system based on the images captured by the moving user 

accurately. Vision based systems also provide information (e.g. 

images, 3D location of landmarks, detection of scene objects) 

about the scene that the user is looking at. In this project, a set of 

techniques are used for the accurate pose and position estimation 

of the moving vehicle for autonomous navigation using the 

images obtained from two cameras placed at two different 

locations of the same area on the top of the vehicle. These cases 

are referred to as stereo vision. Stereo vision provides a method 

for the 3D reconstruction of the environment which is required 

for pose and position estimation. Firstly, a set of images are 

captured. The Harris corner detector is utilized to automatically 

extract a set of feature points from the images and then feature 

matching is done using correlation based matching. 

Triangulation is applied on feature points to find the 3D co-

ordinates. Next, a new set of images is captured. Then repeat the 

same technique for the new set of images too. Finally, by using 

the 3D feature points, obtained from the first set of images and 

the new set of images, the pose and position estimation of moving 

vehicle is done using QUEST algorithm.  
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I. INTRODUCTION 

obot navigation is a well-known problem. Efforts have 

been on for several years for obtaining information about 

the environment in which the robot is required to operate to 

enable it to move through it. Robots, provided with mounted 

cameras and movement capabilities, can be used for various 

purposes. The methods given in this report can be used to 

estimate the pose and position of a robot or an autonomous 

vehicle. This method can be used as an integral part of the 

path planning, finding the path traced by rovers and 

navigation of the robot or the autonomous vehicle [1]. 

Odometry is the study of position estimation during wheeled 

vehicle navigation. The term is also sometimes used to 

describe the distance travelled by a wheeled vehicle. Visual 

odometry is the process of determining the position and 

orientation of an object by analyzing the sequence of images 

or video signal. It allows for enhanced navigational accuracy 

in robots or vehicles using any type of locomotion on any 

surface. it can independently estimate the position and 3D 

orientation accurately by using only image streams captured 

from two or more cameras. The images can be obtained using 

two cameras, or sequentially, using a moving camera. These 

cases are referred to as stereo vision. Stereo vision refers to 

the ability to infer information on the 3D structure and 

distance of a scene from two or more images taken from 

different viewpoints. 

A. Computer vision 

Computer vision is the science and technology of machines 

that the machine is able to extract information from an image 

that is necessary to solve some task. Computer vision differs 

from Image processing in that image processing mainly 

concerns image to image properties whereas the main target of 

computer vision is the 3D world. In order to estimate the pose 

and position of moving user the camera must be calibrated. 

This is equivalent to assuming that the camera intrinsic and 

extrinsic parameters are known. The extrinsic parameters are 

the parameters that define the location and orientation of the 

camera reference frame with respect to known world 

reference frame. The intrinsic parameters are the parameters 

necessary to link to the pixel co-ordinates of an image point 

with the corresponding co-ordinates in the camera reference 

frame. 

1) Intrinsic parameters 

The camera intrinsic parameters are defined as the focal 

length, f, the location of the image center in pixel co-ordinates 

(ox, oy) the effective pixel size in the horizontal and vertical 

direction (sx, sy). 

  Let x and y be the pixel co-ordinates of the feature point xim 

and yim also and are the co-ordinates of the feature point in the 

image plane. Let Xc, Yc and Zc are the co-ordinates in the 

camera plane. Then the relation between pixels co-ordinates 

and the co-ordinates of the image plane is given by eq. (1). 

xim=-(x-ox)sx 

                                yim=-(y-oy)sy                                (1) 

The relation between image plane and camera plane is given 

by 

                                                    (2) 

If there are no rotation in any axis then the camera reference 

frame is itself is the world reference frame. If there is some 

rotation then the co-ordinates are need to be find using camera 

extrinsic parameters [2] [3]. 

2) Extrinsic parameters 

The camera extrinsic parameters are the Translation vector, T, 

and the Rotation matrix, R, which specify the transformation 

between the camera and the world reference frame [2] [3]. 

R 
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Computer vision algorithms for reconstructing the 3D 

structure of a scene or computing the position of objects in 

space need equations linking the co-ordinates of points of 3D 

space with the co-ordinates of their corresponding image 

points. These equations are written in the camera reference 

frame, but it is assumed that 

 The camera reference frame can be located with 

respect to some other, known, reference frame. 

 The co-ordinates of the image points in the camera 

reference frame can be obtained from pixel co-

ordinates, the only ones directly available from the 

image. 

 

 
Fig 1: The relation between camera and world coordinate frames 

 

The relation between the co-ordinates of a point P in world 

and camera frame PW and PC is 

 

                                         (3) 

With 

                                      (4) 

B. Stereo vision 

Stereo means reconstructing 3D effect using two or more 

1D/2D signals. Stereo vision uses two or more cameras, but 

the condition is that both the cameras must be coplanar and 

parallel to each other. 

Triangulation 

The technique for gauging depth information given two offset 

images is called triangulation. Triangulation makes use of the 

terms, image planes, optical axes, disparity, baseline, focal 

length[14]. The following examples show how the 

triangulation technique works. The optical axes of the cameras 

are aligned parallel and separated by a baseline of distance, b. 

A coordinate system is attached in which the x-axis is parallel 

to the baseline and the z-axis is parallel to the optical axes. 

The points labelled “Left Camera” and “Right Camera” is the 

focal points of two cameras. The distance is the perpendicular 

distance from each focal point to its corresponding image 

plane. Point P is some point in space which appears in the 

images taken by these cameras. Point P has co-ordinates (x, y, 

z) measured with respect to a reference frame that is fixed to 

the two cameras and whose origin is at the midpoint of the 

line connecting the focal points. The projection of point P is 

shown as Pr  in the right image and P1 in the left image and the 

co-ordinates of these points are written as  (xr, yr) and (x1, y2) 

in terms of the image plane coordinate systems and for tracing 

the path of a rover or a robot using stereo vision requires a 

geometrical setup, the front view of the geometrical setup is 

shown in the Fig. 2. 

 

Fig 2: The geometry of stereo vision 

The optical axes of the cameras are aligned parallel and 

separated by a baseline of distance, b. A coordinate system is 

attached in which the x-axis is parallel to the baseline and the 

z-axis is parallel to the optical axes. The points labelled “Left 

camera” and “Right Camera” is the focal points of two 

cameras. The distance is the perpendicular distance from each 

focal point to its corresponding image plane. Point P is some 

point in space which appears in the images taken by these 

cameras. Point P has co-ordinates (x, y, z)  measured with 

respect to a reference frame that is fixed to the two cameras 

and whose origin is at the midpoint of the line connecting the 

focal points. The projection of point P is shown as Pr in the 

right image and P1 in the left image and the co-ordinates of 

these points are written as (xr, yr) and (x1, y2)  in terms of the 

image plane coordinate systems. If the cameras are not 

parallel then epopolar rectification is done for stereo images 

[4] [5]. 

II. VISUAL ODOMETRY USING STEREO VISION 

The block diagram for the proposed work is shown in Fig. 1.1. 

It requires two cameras which are of the same type having 

same specifications (focal length, sensor width, sensor height) 

[1]. 

 

Fig 3: Block diagram for visual odometry 
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Firstly two cameras are mounted are such that the two 

cameras are coplanar and parallel to each other separated by 

some distance called baseline. Given a pair of stereo images, 
our system starts with detecting a set of potential feature 

points for pose estimation. The Harris corner detector is 

utilized to automatically extract a set of feature points from 

the left and right images respectively [6]. A stereo matching 

algorithm is used to find correspondences between the 

extracted feature points between left and right images . The 

3D coordinates of each feature point are obtained by 

triangulation using the feature correspondences. These 

obtained 3D feature points serve as the reference points for 

pose computation when a new pair of stereo images arrives. 

Next, a new set of images is captured. Then repeat the same 

technique for the new set of images too. Finally, by using the 

3D feature points, obtained from the first set of images and 

the new set of images, the pose and position estimation of 

moving vehicle is done using QUEST algorithm [7] [8].  

III. EXPERIMENTAL RESULTS 

The entire work has been carried out using MATLAB 7.10.0 

(R2010a) software. The images for testing are captured using 

two Basler-scout cameras (which are used as stereo cameras) 

mounted on rover at a height of 24.7cm from ground. The 

specifications (Intrinsic parameters) of the cameras are as 

follows. 

1. Focal length: 0.85 cm 

2. Pixel width: 0.465x10-
3
 cm 

3. Pixel height: 0.465x10-
3
 cm 

4. Resolution:1040 x1392 

5. Baseline: 20 cm 

The cameras are mounted on rover such that the left camera is 

rotated 10 degrees anticlockwise along X-direction, rotated 5 

degrees clockwise along Y-direction and the right camera is 

rotated 10 degrees anticlockwise along X-direction, rotated 5 

degrees anticlockwise along Y-direction. Two cases are 

considered here. Firstly, images are captured with pure 

translation. Second set of images are captured with both 

rotation and translation. The experimental setup is as shown in 

Fig. 4. 

 

Fig 4: The experimental setup 

In order to find out pure translation a set of images are 

captured at time t=0, t=t+δt. The images captured at time t=0 

i.e., at reference images are shown in Fig. 5. The images 

captured at time t=t+ δt2 and t=t+ δt2 are shown in Fig.6 and 

Fig. 7 respectively. 

 

Fig 5: Images for translation at t=0. (a)Reference left image.(b) Reference 
right image. (c) Rectified reference left image. (d) Rectified reference right 

image 

The images captured at time t=0 are called reference images 

and the images captured at time t= t+δt are called current 

images. 

 

Fig 6: Images for translation at time t=t+ δt2. (a) Left image.(b) Right image. 

(c) Rectified left image. (d) Rectified right image. 
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Table 1 and table 2 gives the comparisons of the estimated 

and actual translation and depth for 5 feature points for the 

images hown in Fig. 5 and Fig. 6 respectively. Let Ɵ, ɸ and ψ 

are the angles of rotation in degrees along X, Y and Z axis 

respectively. All the measurements are in cm. 

 

Fig 7: Images for translation at time t=t+ δt2. (a) Left image.(b) Right image. 
(c) Rectified left image. (d) Rectified right image. 

 

Fig 8: Images for rotation at t=0. (a)Reference left image.(b) Reference right 

image. (c) Rectified reference left image. (d) Rectified reference right image. 

In order to find out rotation with translation a set of images 

are captured at time t=0, t=t+ δt1 t=t+ δt2. The images captured 

at time t=0 i.e., at reference images are shown in Fig. 8. The 

images captured at time t=t+ δt1 and t=t+ δt2 are shown in Fig. 

9 and Fig. 10 respectively. Table 3 and table 4 gives the 

comparisons of the estimated and actual translation and depth 

for 5 feature points. Let Ɵ, ɸ and ψ are the angles of rotation 

in degrees along X, Y and Z axis respectively. All the 

measurements are in cm. 

 

Fig 9: Images for translation at time t=t+ δt1. (a) Left image.(b) Right image. 
(c) Rectified left image. (d) Rectified right image. 

 

Fig 10: Images for translation at time t=t+ δt2. (a) Left image.(b) Right image. 

(c) Rectified left image. (d) Rectified right image. 
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Table 1: Tabulation of co-ordinates for amount of translation at time t=t+ δt1 w.r.t t=0 

 

Table 2: Tabulation of co-ordinates for amount of translation at time t=t+ δt2 w.r.t t=0 

 

Table 3: Tabulation of co-ordinates for amount of rotation at time t=t+ δt1 w.r.t t=0 
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Table 4: Tabulation of co-ordinates for amount of rotation at time t=t+ δt2 w.r.t t=0 

 

IV. CONCLUSION 

Stereo vision seems to be a good choice for odometry and it 

provides an efficient method to estimate the pose and position 

of autonomous vehicles with good enough accuracy. In this 

project a set of computer vision techniques are used to find the 

path traced by the moving vehicle. Histogram equalization or 

specification, denoising are some of the pre-processing steps. 

In this project epipolar rectification is done if the stereo 

images are not rectified, Harris corner detector is used for 

feature extraction from stereo images, correspondence 

problem is solved in stereo images using cross-correlation 

method, triangulation method is used to obtain the 3D co-

ordinates of the desired feature point hence finding out the 

position and QUEST algorithm is used for pose estimation.  

The methods which are used in this project are suitable for 

short distance, high accurate localization. It is based on stereo 

vision and it has limitations of distance with visibility. Stereo 

vision systems have a slow working rate, but with the fast 

evolving technology in the computer vision field, it is 

assumed that the most of the stereo systems drawbacks can be 

soon surpassed. This method works efficiently for a range of 

3m to 5m. This method also works with the cameras of high 

resolutions. 
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