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Edges and Gradients
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Laplace Filter

$ VI=P2+

] IV Il = /17 + 17




Laplacian

Laplace Filter

$ VI=P2+

] IV Il = /17 + 17

0O 1 0
1 -4 1
0O 1 O



Laplacian

m_

%

1

0
I -4 1
0O 1 O

Laplace Filter

0

|

1=+ 1

IV || =+/1? + 12

(0 0 -1 0
0 -1 -2 -1
~1 =2 16 =2
0 -1 -2 -1
0 0 -1 0




I -s(I*1)

Highboost Filters

-1 -1 -1 0O -1 0
-1 94¢ -1 -1 54¢ -1
-1 -1 -1 0 —1 0




Median Filter

» Replace by the median of neighborhood
» Sort by intensity

— Not convolution
— Not linear

Preserves edges
Removes spikes
(salt & pepper)




Bilateral Filter

» Smooths while preserving strong edges

— If intensity difference is high, reduce Gaussian
weight
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» Smooths while preserving strong edges
— If intensity difference is high, reduce Gaussian
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Bilateral Filter

» Smooths while preserving strong edges
— If intensity difference is high, reduce Gaussian

weight 1| ,
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Smoothing  intensity difference
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— Non-linear .
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Bilateral Filter

» Smooths while preserving strong edges
— If intensity difference is high, reduce Gaussian

weight 1| ,
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Canny Edge Detector

» Smooth
— Remove noise

» Compute intensity gradients

— High magnitude means edge in the neighborhood
* Not sharp

» Shortlist local maxima
» Apply upper and lower thresholds
» Eliminate if not connected to strong edges



Canny Edge Detector

» Smooth
— Gaussian Filter

» Compute intensity gradient
— Sobel Filter I, and I, Fier

I
_ Strength = \/13 + I?, Direction = tan™! I—V
u

» Sharpen by retaining the local maxima
— Round gradient direction to nearest 45° (8 neighbors)
— Compare the edge strength with that of the neighbors in tdirection
— Unmark pixel if the edge strength of either neighbor is higher

» Two thresholds to classify non-edge, weak edge, strong edge

» Edge hysteresis (BLOB — Binary Large OBject)

— Create BLOBs of weak and string edges using 8-connected
neighborhood

— Unmark BLOBs with no strong edge



Canny Edge Detector

cv::Canny(lmage, edges, threshold1, threshold2, sobelSize, useL2norm);

» Smooth
— Gaussian Filter

» Compute intensity gradient
— Sobel Filter I, and I, Fier

I
_ Strength = \/13 + I?, Direction = tan™! I—V
u

» Sharpen by retaining the local maxima
— Round gradient direction to nearest 45° (8 neighbors)
— Compare the edge strength with that of the neighbors in tdirection
— Unmark pixel if the edge strength of either neighbor is higher

» Two thresholds to classify non-edge, weak edge, strong edge

» Edge hysteresis (BLOB — Binary Large OBject)

— Create BLOBs of weak and string edges using 8-connected
neighborhood

— Unmark BLOBs with no strong edge




Canny Edge Detector Example

[Moeslund]

Graient Local

Image Smoothed Magnitude Maxima

Weak & Strong Blobs Final Edges
Edges Blue: Upgraded Edges



Canny Edge Detector Example

[Moeslund]

Weak & Strong Blobs Final Edges
Edges Blue: Upgraded Edges



Dual Space for Lines
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» Aline in the image corresponds to a point in
Hough space (and vice versa)

— If set of image points (x,y) form a line, they all map
to a single point in Hough space

— Line through image point (x,y) all map to points
along a line in Hough space



V1

Duality: Lines < Points

X4
Image space

7//1(= m;x; + ¢

> X

>

ic

c=—xm+Yy

N

Dual space

>m



Duality: Lines < Points

X4
Image space

» m for vertical line is «
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V1

» m for vertical line is «

Duality: Lines < Points
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» Other parameterizations possible

— p=Xxcosf+ysind

« p is the distance from the line to the origin

« B is the angle between the line's perpendicular and the x

axis



Hough Transform
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» Each ‘edge’ pixel votes for an (p, 8) bucket

» More votes indicate stronger evidence of line
» Reduces edge ‘blobbing’ to peak detection
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» More votes indicate stronger evidence of line
» Reduces edge ‘blobbing’ to peak detection



Hough Transform
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Pixel space Accumulator space

» Initialize H[p][0] = 0 (discretize Hough space)

» For each edge pixel (1, v) in the image
— Compute gradient (m)
— Compute p, 6
— Vote: H[p][0] += 1

» Find clusters where H[p][#] Is high



Hough Transform
I\% 1%

]
N  Give higher vote for stronger gradient
\ Extends to other shapes (curves, ellipses ..)
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Pixel space Accumulator space

» Initialize H[p][0] = 0 (discretize Hough space)

» For each edge pixel (1, v) in the image
— Compute gradient (m)
— Compute p, 6
— Vote: H[p][0] += 1

» Find clusters where H[p][#] Is high




Hough Transform

» Choose bucket resolution appropriately
— Use multi-resolution grid

» For (p, 8) at the boundaries of buckets

— votes are split
— Smooth the Hough image

» (0, 0) indicates a line; Need line segment

— Record pixels that voted for this (p, 0)

— Sort them

— Break if two consecutive pixels in the sorted list
have a large ‘gap’

— Can also find the best-fit line



Hough Transform

» Choose bucket resolution appropriately
— Use multi-resolution grid

cv::HoughLines(edgelmage, lines, step_rho, step theta, vote threshold,
srn, // Multi-scale Hough transform: divisor for step _rho

stn, // divisor for the step theta

min_theta, max_theta);

» (0, 0) indicates a line; Need line segment

— Record pixels that voted for this (p, 0)

— Sort them

— Break if two consecutive pixels in the sorted list
have a large ‘gap’

— Can also find the best-fit line




Features

» SIFT: Scale Invariant Feature Transform
» SURF: Speeded up Robust Features

» FAST

» BRIEF: Binary Robust Independent Elementary
Features

» ORB: Oriented Fast and Rotated Brief



SIFT

» Transform to local feature coordinates
— Invariant to translation, rotation, scale, etc.

» Select keypoints (patches)
— Scale invariance
« Smooth and Scale: 2x, Vax"a
» Defines a scale space: scale as the third dimension

— Take difference of Gaussian (DOG)

* For each pixel with its 8 neighbors at its scale and 9 each
in the higher and lower scale

« Keypoint = local maxima or minima

» Rotate to align with dominant gradient
— Can reject flat regions



Keypoint Descriptor

» Normalize Rotation and scale

— All patches are the same size with vertical orientation
» Compute gradient at all pixels of the patch

— Smooth them using a Gaussian
» Create an orientation histogram

— Subdivide patch in sub-patches

— In each sub-patch, bin by gradient direction and
magnitude

» The histogram array (in a canonical order) is the
feature



Issues with Vision Guided Robotics

» Measurement Frequency

» Measurement Uncertainty

» Occlusion

» Camera Positioning

» Camera resolution and optics
» Camera weight and size



