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Basic Pinhole 
Model

(X,Y,Z)-> (fX/Z, fY/Z)

x = PX

P = 3 x 4
homogeneous camera
projection matrix
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Feature Matching: 
Example
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Detect feature points in 
both images

Find corresponding 
pairs



Feature 
Matching

Using 
corresponding 
pairs to align 

images
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Single Scale Detectors

Moravec’s detector 
(Corner detector)

o Determines similarity 
between the patch and 
the nearby patches.

o Corner point is 
detected when the SSD 
reaches a local maxima.
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SIFT (Scale 
invariant feature 

descriptors)
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4 × 4 histograms each with 8 bins,
the feature vector has 4 × 4 × 8 =
128 elements for each keypoint



Feature 
matching

Exhaustive search
– for each feature in one image, 

look at all the other features 

Hashing
– compute a short descriptor from 

each feature vector  (randomly)

Nearest neighbor techniques
– k-trees and their variants (Best 

Bin First)
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What is Vision 
based Navigation?
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Process of determining the position and 
orientation of a robot by analyzing the 
associated camera images.



Attitude Angles Roll, Pitch, and Yaw
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Vison Based 
Navigation

• Image Sequence (Input)
• Vehicle Trajectory (Output)
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Visual 
Odometry 
Pipeline

11



Visual Odometry Pipeline
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Visual Odometry Pipeline
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Visual Odometry Pipeline
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Visual Odometry Pipeline
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Visual Odometry Pipeline
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Visual Odometry Pipeline
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Visual Odometry Pipeline
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Importance of 
RANSAC

Matched points 
are contaminated by outliers

– image noise
– occlusions
– blur
– changes in view point 

and illumination
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RANSAC 
Example: 

Line 
Extraction

Select sample of 2 points at 
random
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RANSAC 
Example: 

Line 
Extraction

Calculate model parameters 
that fit the data in the 

sample
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RANSAC 
Example: 

Line 
Extraction

Calculate error function 
for each data point
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Visual Odometry Pipeline
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Visual Odometry 
Output

All the individual 
frame to frame 
transformations 
are added frame 
wise to obtain the 
final trajectory of 
the vehicle.
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Analysis on KITTI dataset
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Mutual 
Information 

based Feature 
Selection for 

VO
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MIVO results on EuroC-MAV dataset
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Inertia 
Constrained 

Visual 
Odometry



Joint forward-backward visual odometry 
for Stereo Camera
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Vision aided Inertial Navigation
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Applications 
of Vision 

based 
Navigation

Unmanned/ Autonomous Vehicle 
Navigation

Robotic Surgery (Endoscopic 
navigation)

Augmented Reality

Satellite-satellite (Aircraft) 
docking

GPS denied environment 
navigation



THANK YOU
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