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The surface E(u,v) is locally approximated by a quadratic form. 



min is a variant of the “Harris operator” for feature detection

• The trace is the sum of the diagonals, i.e., trace(H) = h11 + h22

• Very similar to min but less expensive (no square root)

• Called the “Harris Corner Detector” or “Harris Operator”

• Lots of other detectors, this is one of the most popular
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* =

maximum

minima





How to define the difference between two features f1, f2?
• Better approach:  ratio distance = ||f1 - f2 || / || f1 - f2’ || 

• f2 is best SSD match to f1 in I2

• f2’  is  2nd best SSD match to f1 in I2

• gives large values for ambiguous matches
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Called a homography
(or planar perspective map)
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2n x 6 6 x 1 2n x 1
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each image is warped 
with a homography

Can’t create a 360 panorama this way…
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divide by third coordinate



(t in book’s notation)

translationrotationprojection

intrinsics



l

–

– ⊥

p1
p2

What is the intersection of two lines l1 and l2 ?

• p is ⊥ to l1 and l2  p = l1  l2

Points and lines are dual in projective space

l1

l2

p

What is the line l spanned by rays p1 and p2 ?

• l is ⊥ to p1 and p2  l = p1  p2 

• l can be interpreted as a plane normal
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image plane

camera
center

C

line on ground plane

vanishing point V

line on ground plane
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epipolar line
epipolar line
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Camera 1

Camera 2

Camera 3

R1,t1

R2,t2

R3,t3

X1

X4

X3

X2

X5

X6

X7

minimize

f (R,T,P)

p1,1

p1,2

p1,3

non-linear least squares



error

depth
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reference camera

neighbor camera 1 neighbor camera 2
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L2
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Slides from Andrej Karpathy and Fei-Fei Li

http://vision.stanford.edu/teaching/cs231n/
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…

Generated 

vs Real
(classifier)

[Goodfellow, Pouget-Abadie, Mirza, Xu, 

Warde-Farley, Ozair, Courville, Bengio 2014]

“Generative Adversarial Network”

(GANs)

Real photos

Generated images

…

…



BW → Color

Input Output Input Output Input Output

Data from [Russakovsky et al. 2015]



Labels → Street Views

Data from [Wang et al, 2018]
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