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Recognition

Matching Invariant Features and 
Using Geometric Relations

(Material from D. Lowe, C. Schmid, R. Szeliski, A. Zisserman)

What Is Recognition?
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Training Example(s)

Internal Model

Input

Output

Recognition

• We’ll see a few classes of approaches to 
recognition

• Depends heavily on machine learning techniques
• Some material in Chaps. 22-24 (slightly out of date)
• This is a short intro only. For the real story see:

"Learning-based Methods in Vision" : 
http://www.cs.cmu.edu/~efros/courses/LBMV07/
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Feature Matching & Geometric 
Relations

Features from 
training image(s) Features from 

input image

Feature Matching & Geometric 
Relations

Features from 
training image(s) Features from 

input image

Aspect is different between training and test images � “invariant” features
Local feature similarity is not sufficient � use global geometric consistency
Large number of features � define distance in feature space + efficient 
indexing
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Why invariance?

Laplacian

Characteristic scale :

- maximum in scale space

- scale invariant

Reminder: Finding scale invariant features
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Isotropic
neighborhoods

related by rotation
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“whitening”

Localization: Compute location of interest 
point using local maximum of the 
Harris measure 

Scale: Compute the scale at that point 
using Laplacian

Affine neighborhood: Normalize 
neighborhood with second moment 
matrix
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Yes, it converges
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• Image gradients are sampled over 16x16 array of 
locations in scale space

• Create array of orientation histograms
• 8 orientations x 4x4 histogram array = 128 dimensions

SIFT



7

0 2p

Descriptor is not rotationally 
invariant � Select a dominant 
direction and express all the 
gradient orientations with 
respect to the dominant 
direction

Example: Object recognition (Lowe)

• Find feature matches by approximate nearest 
neighbor matching

• Compute affine transformation from correspondences 
(minimum 3 correspondences)

• Vote for best transformation/model
• Fit transformation and score
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Effective criterion for retaining matches: Ratio of 
distance to best match and distance to second best 
match
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60o rotation for planar objects
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Example: Place recognition and mobile robot localization (Lowe, Little)
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Select region in one frame Find in shots in the 
rest of the video

Example: Video Google (Zisserman)

Patch-level search not practical
� Initial decomposition of video into “objects”
by tracking affine-invariant regions
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Input frames and 
affine-invariant 
regions

Extracted object

Other applications: Panorama recognition (Szeliski, 
Brown & Lowe)

Given a sequence of images, we know how to reconstruct a panorama
(find feature correspondences, computer relative camera geometry, warp images
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More general: Recognize images coming from different panorama

Initial Matches
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Grouping into 
panoramas

• Major Steps:
– Feature detection and description

• more uniform point density
– Fast matching (hash table)
– RANSAC filtering of matches
– Intensity-based verification
– Incremental bundle adjustment
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• Interest points
– Multi-scale Harris corners
– Orientation from blurred gradient
– Geometrically invariant to similarity transforms

• Descriptor vector
– Bias/gain normalized sampling of local patch (8x8)
– Photometrically invariant to affine changes in intensity

Transformation recovery 
through RANSAC
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• Sivic, J. and Zisserman, A. Video Data Mining Using Configurations of 
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