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Abstract— Automation has become an integral part of most of the industries. The dependency on robots and automation 
system for every application necessitates the use of efficient motion estimators. This project proposes the development of a 
visual odometer. A visual odometer differs from its conventional version in the sense it works with the processing of the 
images captured by a camera. This means that by processing the images captured by an on-board camera, the displacement 
of the system or a vehicle can be calculated. A downward facing camera working at high speed captures several pictures of 
the surface below the device every second and sends these pictures to the processor. The processor performs feature 
detection and pattern matching on the  images taken on the camera. As the device moves, the shifts in the patterns of the 
captured images are observed and the amount of shift taking place in both axes are calculated. This can help in calculating 
the total distance travelled, the velocity and acceleration of the vehicle. This paper presents a study of various feature 
matching techniques and an algorithm for implementation of a visual odometer on a level one robot used as a hardware 
prototype. 
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I. INTRODUCTION 
 
Automation systems are used in a plethora of 
applications be it industry or in domestic 
environments. Process automation applies computer 
technology and software engineering to help 
industries operate more efficiently and safely. They 
save labor and energy and moreover reduces the 
manufacturing cost. Automation, in most of the cases 
improves the accuracy and precision of the task. 
Many industries such as automobile manufacturers, 
refineries and mills need robotic arms as a part of 
automation. In such cases, motion estimation and 
position tracking are very crucial for proper operation 
of the system.  Hence, there is a need to measure and 
track the exact location of the robots.  
An odometer measures the distance and displacement 
of an automation system which could be as simple as 
a vehicle [1]. Conventional odometers includes 
mechanical, sensor or GPS based odometers which 
are already used extensively.  Wheel slippage, 
incorrect tuning and synchronization are some of the 
reasons which reduce the accuracy of such 
odometers. However, critical robotics applications 
such as NASA’s mars rover mission necessitates 
precise and accurate measurement of the robot 
localization. Vision based odometer can be the best 
solution to this problem. Vision based odometers can 
also be implemented in applications like underwater 
explorations robots where wheels are not employed 
neither the robot can be accessed using GPS. Optical 
mouse has been one of the most influential 
applications of vision based odometry [2]. 
This project proposes use of a downward facing 
digital camera, to capture images of the surface and 
compute distance travelled by the robot in x and y 
coordinates using certain algorithms mentioned later 

in the paper. Image processing is carried out on the 
MATLAB software on the laptop which will be fitted 
on the system.  
 
II. LITERATURESURVEY 
 
There are several methods for measurement of 
distance that are listed below 
 
2.1. Types of Odometers 
2.1.1. Mechanical Odometers 
Mechanical Odometers have sensors attached to the 
wheels. With known value of diameter known, a 
mechanical odometer computes the number of 
rotations of the wheel and thus computes the distance 
travelled. Even though traditionally these odometers 
have been used extensively, it has several 
disadvantages. The use of robots in complicated and 
complex environments and difficult terrains demands 
minimum error. Also mechanical odometers are 
capable of measuring only the distance whereas 
displacement cannot be calculated which is a very 
trivial factor in multiple robot systems. Slippage in 
wheels is the relative motion between the tyre and the 
road surface as is observed when the car is started off 
with high acceleration. Wheel slippage in terrains 
cause substantial errors in distance measurements. 
Also, the wear and tear of the wheels obviously gives 
erroneous results.  

 
2.1.2. GPS based Odometer 
Global Positioning System (GPS) is a navigation 
system used to obtain position and time information. 
Odometers can be realized using a GPS module and a 
microcontroller. These odometers employ GPS to 
calculate distance between the two points of travel. 
Using basic time and location data, a GPS unit can 
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quickly calculate the relative speed of the object, 
based on the distance covered in a given time span. 
GPS devices are basically positional speedometers 
which means that the calculation is based on how far 
the device has moved since the last measurement has 
occured. The algorithm also considers the doppler 
shift in the pseudo range signals from the satellites. It 
should also be noted that the speed reading is not 
instantaneous but is normalized. 
Speeds updation are done at short intervals to 
maintain accuracy. But many areas such as 
underwater, underground, closed rooms, aerial 
regions cannot be reached by GPS. Also factors like 
signal multipath fading and dropouts affect 
measurement.  
  
2.1.3. Visual Odometers 
Visual odometers make use of a single or multiple 
cameras (stereo) to capture images to perform 
distance estimation. The development of fast and 
accurate image acquisition devices and developments 
in image processing techniques have encouraged 
research and development towards visual odometers. 
Visual odometers have the advantage of accurately 
measuring distance and displacement. Miniaturization 
in digital camera provides compact and cost effective 
odometer solutions. Stereo and monocular camera 
vision are two approaches on image acquisition. In 
stereo vision image s from two cameras are 
acquiesced and further processing on both image 
inputs are done.  Monocular vision based approach 
uses a single camera and consecutive frames from 
that camera are tested for motion estimation. 
D. Nester  was the first person to propose the concept 
of monocular vision [3] where outlier rejection was 
done using  Random sample consensus (RANSAC) 
and 2-D camera pose estimation. RANSAC is an 
outlier detection method. It is an iterative method to 
estimate parameters of a mathematical model from a 
set of observed data which contains outliers. It is a 
non-deterministic algorithm which produces a 
reasonable result with a certain probability. The more 
the number of iterations, the more is the probability.  
There are three different approaches possible in  
monocular VO: appearance based methods, feature 
based methods and hybrid methods. The position and 
orientation of camera are the most important criteria 
which affects the odometer implementation and 
operation in terms of algorithm and system 
complexity. The camera can be positioned as a 
forward facing camera or upward facing camera or 
downward facing camera. Upward facing orientation 
does not yield satisfactory results for majority of 
applications for it does not provide any textures in the 
imagery. But, for several applications like underwater 
ROV(where images are very rich in textures) a 
forward facing camera  can provide much better 
results than downward facing camera. Applications 
involving surface explorations, downward facing 
camera orientation is much more useful than forward 

facing[4].Thus monocular vision method with a 
downward facing camera orientation is relatively 
inexpensive, compact and simple to implement for 
visual odometers. 

 
III. FEATURE BASED METHOD OF 
IMPLEMENTATION 
 
This paper proposes the use of a downward facing 
camera mounted on a level 1 robot to calculate 
distance and displacement. This approach is preferred 
over other VO approaches in applications where 
imagery available is rich in texture e.g. under-water 
ROV [5], exploration rovers. In case of forward 
facing camera, as the distance in front is large, the 
resolution of the camera should be excellent. This 
will increase the overall cost of the device whereas 
for a downward facing camera, fairly good resolution 
would be enough. The camera is mounted on the 
robot and as it moves the imagery of the surface is 
captured and used for motion estimation. Consecutive 
frames from a single camera are used for feature 
extraction as the robot moves. Feature matching is 
performed. The features found in both the images are 
then used as match points. A single camera reduces 
hardware requirement, system complexity and size. 
Also calibration between multiple cameras is not 
necessary. Fig 1 shows the basic flow chart of a 
visual odometer. involves feature detection, feature 
matching and motion estimation. 
A feature is defined as a particular  part of an image, 
and features are used as a key aspect in many 
computer vision algorithms. The desirable property 
for a feature detector is  whether the same feature will 
be detected in two or more different images of the 
same scene. This is called as ‘repeatability’. 
Feature detection  is usually performed as the first 
operation on an image, wherein every pixel is 
examined to find out if there is a feature present at 
that pixel. If this is part of a larger algorithm, then the 
algorithm will typically only examine the image in 
the region of the features. As a built-in pre-requisite 
to feature detection, the input image is usually 
smoothed by a Gaussian kernel in a scale-space 
representation and one or several feature images are 
computed.  
 

 
Fig1. Flow Chart for a visual odometer using Monocular vision 
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In cases where feature detection is computationally 
extensive and there are time constraints, a higher 
level algorithm may be used to guide the feature 
detection stage, so that only certain parts of the image 
are searched for features. 
An image may have many regions which differ from 
its neighborhood in texture and brightness. During 
feature detection image is scanned for such key point 
differences. Line detection, edge detection, point 
detection etc. are some of the methods which can be 
used according to the application [6]. There are 
several feature detection techniques that can be 
employed. Some of the methods are elaborated 
briefly as follows. 
 
3.1. Scale Invariant Feature Transform SIFT[7] 
Scale Invariant Feature Transform is one of most 
popularly used methods for feature detection. From a 
set of reference images, the SIFT keypoints of objects 
are first extracted and stored in a database. Each 
feature from the new image is compared to this 
database individually and the matching features based 
on Euclidean distance of their feature vectors are 
found. Thus an object is recognized in a new image 
From the full set of matches, subsets of keypoints that 
agree on the object and its location, scale, and 
orientation in the new image are identified to filter 
out good matches. By using an efficient hash 
table implementation of the generalized Hough 
transform, the determination of consistent clusters is 
performed rapidly. Each cluster of three or more 
features that agree on an object and its pose is then 
subjected to further detailed model verification. 
Subsequently the outliers are discarded and finally 
the probability that a particular set of features 
indicates the presence of an object is computed, given 
the accuracy of fit and number of probable false 
matches. Object matches that pass all these tests can 
be identified as correct with high confidence. This 
method finds Space-Scale Extrema then improves key 
points and removes redundant data, removes effects 
due scaling and rotation and finally creating a 
descriptor using histograms of orientations. 
 
3.2. Speeded Up Robust Features SURF[8] 
SURF is mostly used for object detection and 3-D 
reconstruction. SURF is based on blob detection 
using an integer approximation method, removes 
effects due scaling and rotation and finally creating a 
descriptor using histograms of orientations. Many 
other algorithms viz. Haris, Shi-tomasi, FAST, 
CENSURE etc. can be utilized to realize feature 
detection and extraction. 
All these algorithms can be used for pattern detection 
within frames. Corner is formed by intersection of 
two or more lines or edges whereas blobs are patterns 
which differ in terms of texture or intensity from its 
immediate neighborhood. Thus for realizing feature 
extraction using downward facing camera detectors 
like SIFT, SURF etc. can be utilized[4-7]. These 

detectors also have high repeatability, efficiency and 
accuracy. 
Next step is feature matching which compares 
features in the first frame with that of the next. And 
then the shift between the two frames is computed to 
calculate distance travelled. 
 
3.3. Distance Estimation 
Fig2. Depicts one of the methods for distance 
estimation. In the figure, ‘f’  is the focal length of the 
camera and ‘d’ is the distance of the camera from the 
ground surface. The world plane is the ground surface 
and the image plane is the image that is seen on the 
camera[8-10]. Any motion in the world plane can be 
proportionally mapped onto the image plane or vice 
versa using a tangential relationship given by: 

X  = (P/f)*(f + d) 
 

Where X is the distance of feature shift in world 
plane and P is the proportional shift in the image 
plane. 
  

 
Fig2. Mathematical relationship to estimate distance 

 
IV. SOFTWARES USED FOR IMAGE 
PROCESSING 
 
4.1 MATLAB 
MATLAB or Matrix Laboratory is a computing 
environment developed by Math Works [9] .Along 
with its basic function of matrix manipulations it 
allows for plotting of data, implementation of 
algorithms and interfacing with other programming 
languages e.g. C, C++, python etc. MATLAB’s IDE 
consists of Command Window, Workspace browser, 
Current Directory browser and Command History 
Window. Command window gives step by step. 
The image acquisition and image processing 
toolboxes are very rich in algorithms and functions to 
aid in implementation of image processing 
techniques. 
The latest version of MatlabR2015b is used which 
contains a computer vision toolbox necessary for 
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odometry applications 
 

V. HARDWARE SET UP 
 
Fig 3 shows the block diagram of a visual odometer 
implemented using monocular vision based approach. 
Fig 4 shows the level one robot which travels on a 
smooth ground surface. A downward facing camera 
mounted on the robot is used to capture images at 30 
frames /sec. A normal webcamera is used and hence 
proper illumination of the surface is necessary for 
implementing feature detection techniques accurately. 
LEDs are mounted on the robot so as to illuminate the 
surface so as to increase the brightness of the images 
captured by the camera to give better feature 
extraction. The frames are fed in to the PC and the 
computations are done in Matlab software. The 
position and  displacement values are displayed on 
the workspace. 

 
Fig3. Block diagram of Visual Odometer 

 

 
Fig.4. Hardware prototype of visual odometer 

 
VI. RESULTS 
 
The following figure shows two frames of the ground 
surface captured consecutively while the robot was in 
motion. 
After feature extraction on the above two frames 
using the algorithm proposed in the above section, the 
following result was obtained. In Figure 6 the first 

frame is overlapped over the second. The red circles 
represent the features in first image whereas the green 
crosses represent the features in second image. 
 

    
Fig.5. Two consecutive images captured by camera 

 
The ray indicates feature matching and the 
displacement of each feature in the image plane. 
After averaging the displacement of all the features 
and using the distance estimation technique 
mentioned in earlier section. The distance travelled 
by the robot is calculated.  
 

 
Fig.6. Two images overlapped for feature extraction 

 
CONCLUSION 
 
The technique of using features for realizing visual 
odometers is efficient only for still images or for a 
robot which moves very slowly. As the speed of the 
robot increases the algorithm fails to detect and match 
or track features in the frames. Thus it is a failure for 
high speed real time automation systems. 
Preprocessing techniques can be used to successfully 
implement the algorithm however it also leads to 
incorrect distance estimate or sometimes none at all. 
The image acquisition can be improved with use of 
high resolution and high speed cameras which will 
result in accurate working of the algorithm. Also the 
ground surface on which the images are taken can 
affect the output to a major extent. More the features 
which can be extracted in the image the better. 
Smoother surfaces tend not to show any features 
worth detecting.    

Frame 1 Frame 2 
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FUTURE SCOPE 
 
Accurate implementation of visual odometers can be 
achieved using much faster processors and software 
platforms. Companies like Texas Instruments are 
encouraging development of faster and efficient 
Digital Signal Processors. High speed DSPs (Digital 
Signal Processors) can be flash programmed and 
these can replace the laptop in visual odometers.This 
would make the device very compact. DSPs with 
very high clock speeds are available at comparatively 
lesser cost and they allow MATLAB programs to be 
converted into their Integrated Development 
Environment (IDE). Use of such DSPs will make the 
automation system very cheap and compact. Better 
image acquisition devices can be used instead of a 
webcam to improve frame quality. Also, appropriate 
changes should be incorporated in the feature 
detection algorithms to get accurate and precise 
results. 
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