
COS 429: Computer Vision

Lecture 7

Introduction to Recognition

(and image blending from last time) 
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Feature-Based Alignment

• Find keypoints; compute SIFT descriptors

• Generate candidate keypoint matches

• Use RANSAC to select a subset of matches

• Fit to find best image transformation

• Warp images according to transformation

• Blend images in overlapping regions



Forward Warping

• Send each pixel f(x) to its corresponding 
location x’ = h(x) in g(x’)

f(x
)

g(x’
)

x x’

h(x)

• What if pixel lands “between” two 
pixels?

Richard 
Szeliski



Forward Warping

• Send each pixel f(x) to its corresponding 
location x’ = h(x) in g(x’)

f(x) g(x’)x x’

h(x)

• What if pixel lands “between” two pixels?

• Answer: add “contribution” to several 
pixels, normalize later (splatting)

Richard 
Szeliski



Inverse Warping

• Get each pixel g(x’) from its corresponding 
location x’ = h(x) in f(x)

f(x
)

g(x’
)

x x’

h-1(x)

• What if pixel comes from “between” two 
pixels?

Richard 
Szeliski



Inverse Warping

• Get each pixel g(x’) from its corresponding 
location x’ = h(x) in f(x)

• What if pixel comes from “between” two pixels?

• Answer: resample color value from 
interpolated (prefiltered) source image

f(x
)

g(x’
)

x x’

Richard 
Szeliski



Interpolation

• Possible interpolation filters:
– nearest neighbor

– bilinear

– bicubic (interpolating)

– sinc / FIR

• See COS 426 for details on
how to avoid “jaggies”
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Last Time: Feature-Based Alignment

• Find keypoints; compute SIFT descriptors

• Generate candidate keypoint matches

• Use RANSAC to select a subset of matches

• Fit to find best image transformation

• Warp images according to transformation

• Blend images in overlapping regions



Blending

• Blend over too small a region: seams

• Blend over too large a region: ghosting



Multiresolution Blending

• Different blending regions for different 
levels in a pyramid [Burt & Adelson]
– Blend low frequencies over large regions 

(minimize seams due to brightness variations)

– Blend high frequencies over small regions 
(minimize ghosting)



Pyramid Creation

• “Gaussian” Pyramid

• “Laplacian” Pyramid

– Created from Gaussian
pyramid by subtraction
Li = Gi – expand(Gi+1)

Richard 
Szeliski



Octaves in the Spatial Domain

Bandpass Images

Lowpass Images

Richard 
Szeliski
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Pyramid Blending

Richard 
Szeliski



Minimum-Cost Cuts

• Instead of blending high frequencies along 
a straight line, blend along line of minimum 
differences in image intensities
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Minimum-Cost Cuts

Moving object, simple blending  blur

[Davis 98]
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Minimum-Cost Cuts

Minimum-cost cut  no blur

[Davis 98]



Poisson Image Blending

• Follow gradients of source subject to
boundary conditions imposed by dest 
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Poisson Image Blending
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Poisson Image Blending



Recap: Feature-Based Alignment

• Find keypoints; compute SIFT descriptors

• Generate candidate keypoint matches

• Use RANSAC to select a subset of matches

• Fit to find best image transformation

• Warp images according to transformation

• Blend images in overlapping regions

- YouTube: search for “Interactive Digital Photomontage”

https://www.youtube.com/watch?v=kzV-5135bGA


Real-World Panoramic Stitching

• How to handle more than 2 frames?
– Align each frame to the previous: simple, but

can lead to drift in alignment

– Optimize for all transformations at once:
“bundle adjustment”



Real-World Panoramic Stitching

•  



Panorama
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Object recognition: let's try something simple

This is a chair

Find the chair in this image Output of normalized correlation
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Find the chair in this image 

Simple template matching
 is not going to be enough

Object recognition: let's try something simple
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How about SIFT based alignment? 

D. Lowe (1999, 2004)
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?

SIFT Matching with RANSAC

● Good at matching same instance of:
● General textured objects from similar views
● Flat textured objects from fairly different views (using 

affine or homography)

● But it is not good at matching between:
● Non-flat objects from different views
● Distinct instances from the same category

=> Would need template for each instance from each view! 
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Challenges 1: view point variation

Michelangelo 1475-1564 Slides: course object recognition
ICCV 2005
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Challenges 2: illumination

slide credit: S. Ullman
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Challenges 3: occlusion

Magritte, 1957 Slides: course object recognition
ICCV 2005
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Challenges 4: scale

Slides: course object recognition
ICCV 2005
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Challenges 5: deformation

Xu, Beihong 1943
Slides: course object recognition
ICCV 2005
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Brady, M. J., & Kersten, D. (2003). Bootstrapped learning of novel objects. J Vis, 3(6), 413-422 

Challenges 6: background clutter
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Challenges 7: intra-class variation

Slides: course object recognition
ICCV 2005
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How many visual object categories are there?

Biederman 1987
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OBJECTS

ANIMALS INANIMATEPLANTS

MAN-MADENATURAL
VERTEBRATE …..

MAMMALS BIRDS

GROUSEBOARTAPIR CAMERA
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What do we want to recognize in an image?

Slide from: Svetlana Lazebnik
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Scene categorization or classification

• outdoor

• city/forest/factory/etc.

Svetlana Lazebnik
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Image annotation / tagging / attributes

• street

• people

• building

• mountain

• tourism

• cloudy

• brick

• …

Svetlana Lazebnik

Slide from: Svetlana Lazebnik
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Object detection

• find 
pedestrians

Slide from: Svetlana Lazebnik
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Image parsing / semantic segmentation

mountain

building
tree

banner

market
people

street 
lamp

sky

building

Slide from: Svetlana Lazebnik
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Scene understanding?

Slide from: Svetlana Lazebnik
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Typical Components 
● Hypothesis generation

● Sliding window, Segmentation, 
feature point detection, random, search 

● Encoding of (local) image data
● Colors, Edges, Corners, Histogram of Oriented 

Gradients, Wavelets, Convolution Filters

● Relationship of different parts to each other
● Blur or histogram, Tree/Star, Pairwise/Covariance   

● Learning from labeled examples
● Selecting representative examples (templates), 

Clustering, Building a cascade 
● Classifiers: Bayes, Logistic regression, SVM, 

AdaBoost, ...  
● Generative vs. Discriminative

● Verification - removing redundant, overlapping,  
incompatible examples

● Non-Max Suppression, context priors, 
geometry     

Exemplar Summary
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Example 1: Chamfer matching (Pedestrian Detection)

Gavrila & Philomin ICCV 1999

Best Match

Distance Transform

TemplateEdge DetectionInput Image

Slides from K. Grauman and B. Leibe
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Hierarchy of templates

Slides from K. Grauman and B. Leibe

Example 1: Chamfer matching (Pedestrian Detection)

Gavrila & Philomin ICCV 1999
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Example 2: Viola/Jones (Face Detection)

Features: “Haar-like Rectangle filters”
•Differences between sums of pixels in adjacent rectangles

000,000,6100000,60 
Unique Features

Robust Realtime Face Dection, IJCV 2004, Viola and Jones

3-rectangle features

4-rectangles features

2-rectangle features

-1 +1

Slide from: Derek Hoiem



49 : COS429 : 05.10.17 : Andras Ferencz 

Example 2: Viola/Jones - Integral Images

• ii = cumsum(cumsum(im, 1), 2)

x, y

ii(x,y) = Sum of the values in the grey region

How to compute A+D-B-C?

How to compute B-A?

Slide from: Derek Hoiem
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Example 2: Feature selection with Adaboost

1. Create a large pool of features

 

2. Select features that are 
discriminative and work well 
together:

– “Weak learner” = feature + 
threshold + parity

– Choose weak learner that 
minimizes error on the 
weighted training set

– Reweight

{yt(x)  =
+1   if ht(x) > t

-1    otherwise

{Decision =
face,        if Y(x) > 0
non-face, otherwise

Y(x) =  ∑αt yt (x)

Trained Classifier
(for each stage of cascade)
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Example 2: Viola/Jones Cascaded Classifier

1 Feature 5 Features

F

50%
20 Features

20% 2%

FACE

NON-FACE

F

NON-FACE

F

NON-FACE

IMAGE
SUB-WINDOW

● first classifier: 100% detection, 50% false positives.
● second classifier:  100% detection, 40% false positives 
●       (20% cumulative)

– using data from previous stage. 
● third classifier: 100% detection,10% false positive rate 
●       (2% cumulative)

● Put cheaper classifiers up front
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Example 2: Viola/Jones results  

Run-time:  15fps  (384x288 pixel image on a 700 Mhz Pentium III)
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Typical Components 
● Hypothesis generation

● Whole image, Sliding window, Segmentation, 
Feature point detection, Search...  

● Encoding of (local) image data
● Colors, Edges, Corners, Histogram of Oriented 

Gradients, Wavelets, Convolution Filters...

● Relationship of different parts to each other
● Blur or histogram, Tree/Star, Pairwise/Covariance...   

● Learning from labeled examples
● Selecting representative examples (templates), 

Clustering, Building a cascade 
● Classifiers: Bayes, Logistic regression, SVM, 

AdaBoost, ...  
● Generative vs. Discriminative

● Verification - removing redundant, overlaping,  
incompatible examples

● Non-Max Suppression, context priors, 
geometry     

Exemplar Summary

Geometry is Hard: let's ignore it...
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(No Geometry) Example: Color Histograms

Swain and Ballard, Color Indexing, IJCV 1991.

Svetlana Lazebnik

http://www.inf.ed.ac.uk/teaching/courses/av/LECTURE_NOTES/swainballard91.pdf
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ObjectObject Bag of Bag of 
‘words’‘words’

(No Geometry) Example: Bad of Words

Slide from: Svetlana Lazebnik
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Objects as texture

● All of these are treated as being the same

● No distinction between foreground and 
background: scene recognition?

Svetlana Lazebnik
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● Origin 1: Texture recognition

● Texture is characterized by the 
repetition of basic elements or textons

● For stochastic textures, it is the identity 
of the textons, not their spatial 
arrangement, that matters

Julesz, 1981; Cula & Dana, 2001; Leung & Malik 2001; Mori, Belongie & Malik, 2001; 
Schmid 2001; Varma & Zisserman, 2002, 2003; Lazebnik, Schmid & Ponce, 2003
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Origin 2: Bag-of-words modelsOrigin 2: Bag-of-words models

US Presidential Speeches Tag Cloud
http://chir.ag/phernalia/preztags/

● Orderless document representation: 
frequencies of words from a dictionary  Salton & 

McGill (1983)
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…

Interest Point FeaturesInterest Point Features
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Clustering (usually k-means)Clustering (usually k-means)

Vector quantization

…

Slide credit: Josef Sivic





categorycategory
decisiondecision

learninglearning

feature detection
& representation

codewords dictionarycodewords dictionary

image representation

category modelscategory models
(and/or) classifiers(and/or) classifiers

recognitionrecognition
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The (obvious) problem with ignoring Geometry

All of these images have the same color histogram
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Adding Geometry back: Spatial pyramid

Compute histogram in each spatial bin
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Spatial pyramid representationSpatial pyramid representation
● Extension of a bag of features
● Locally orderless representation at several levels of resolution

level 0
Lazebnik, Schmid & Ponce (CVPR 2006)
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Spatial pyramid representationSpatial pyramid representation
● Extension of a bag of features
● Locally orderless representation at several levels of resolution

level 0
Lazebnik, Schmid & Ponce (CVPR 2006)

level 1 level 2
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More Next Time...  
● Hypothesis generation

● Sliding window, Segmentation, 
feature point detection, random, search 

● Encoding of (local) image data
● Colors, Edges, Corners, Histogram of Oriented 

Gradients, Wavelets, Convolution Filters

● Relationship of different parts to each other
● Blur or histogram, Tree/Star, Pairwise/Covariance   

● Learning from labeled examples
● Selecting representative examples (templates), 

Clustering, Building a cascade 
● Classifiers: Bayes, Logistic regression, SVM, 

AdaBoost, ...  
● Generative vs. Discriminative

● Verification - removing redundant, overlaping,  
incompatible examples

● Non-Max Suppression, context priors, 
geometry     

Exemplar Summary
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